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Living lab outdoor experimentation using pervasive computing provides new
opportunities: higher realism, external validity, and socio-spatio-temporal
observations in large scale. However, experimentation “in the wild” is complex and
costly. Noise, biases, privacy concerns, compliance with standards of ethical review
boards, remote moderation, control of experimental conditions, and equipment
perplex the collection of high-quality data for causal inference. This article
introduces Smart Agora, a novel open-source software platform for rigorous
systematic outdoor experimentation. Without writing a single line of code, highly
complex experimental scenarios are visually designed and automatically deployed
to smart phones. Novel geolocated survey and sensor data are collected subject of
participants verifying desired experimental conditions, for instance, their
localization at certain urban spots. This new approach drastically improves the
quality and purposefulness of crowd sensing, tailored to conditions that confirm/
reject hypotheses. The features that support this innovative functionality and the
broad spectrum of its applicability are demonstrated.

Is the future of scientific human experimentation
outdoors? Pervasive computing shapes this future
on the basis of a large market for smart phone

hardware and software. Ubiquitous devices turn into
living laboratory instruments awaiting to directly col-
lect real-world observations at massive scale to tackle
some of the most challenging research questions and
hypotheses.1–3 In this future of Smart city computing
applications such as transportation, mobility and shar-
ing economies, new epistemological, and methodolog-
ical challenges4 arise for social and environmental
science, economics or psychology. For instance, how
to practice causal inference, how to mitigate tradeoffs
of realism versus environment controllability, how to
handle biases and counterfactuals5?

The COVID-19 pandemic makes these questions
timely and pressing given the safety measures against

infection risk in indoor laboratory environments. Are
existing online approaches5 cost-effective for outdoor
ubiquitous experimentation?

Experimentation “in theWild”?Not Easy
Several existing efforts focus on online web experimen-
tation. For instance, nodeGame is a Javascript-based
tool for online real-time synchronous decision games
and experiments.6 Similarly, z-Tree is a client–server soft-
ware for ready-made economic experiments7 and oTree
is a Python framework that supports multiplayer or sin-
gle-player strategy games, dynamic questionnaires, and
assessments/tests.8 Experimentation based on perva-
sive computing includes AWARE, an open-sourcemobile
instrumentation toolkit that focuses on the resource
constraints ofmobile devices.9 StimuliApp is designed to
create psychophysical tests with precise timing on iOS
and iPad devices.10 A simple system of menus can sup-
port the design and running of tests that assess per-
ceptual capabilities. Another way to collect geolocated
crowd sensing data is the so-called “digital public
notice areas”; however, their use requires specialized
software/hardware and they mainly support commercial
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applications.11 The AIRBOT mobile information assistant
is proposed for complex tasks in public space. It has
been used to support air passengers in successfully
boarding on a plane.12

Several limitations are identified in these existing
approaches: (i) The design of an experiment can be
complex and usually requires technical/programming
skills to achieve rigor or implement a more systematic
collection of high-quality data. (ii) A seamless integra-
tion to real-world outdoor activities is usually limited.
(iii) No general platform approach to outdoor experi-
mentation—pervasive system tools are limited to
specific experimental and application scenarios.
(iv) Limited automation support for both designers of
experiments and participants. (v) Limited open-source
and well-documented approaches for outdoor human
experimentation.

How toMake It Easier? The Smart Agora
This article addresses these challenges by introduc-
ing the solution of Smart Agora (https://smart-agora.
org). Designers visually create complex crowd sensing
experimental scenarios on a web browser and deploy
them to run without moderation to the smart phones
of participants. The collected data are of high quality
and socio-spatio-temporal in nature, purposeful to
minimize privacy cost, noise, and biases. The living
lab experimental processes of Smart Agora are tai-
lored by design to satisfy desired experimental condi-
tions, for instance, geolocated survey responses
verified by location proofs of participants at certain
urban spots,13 e.g., on the blockchain. The broad
applicability of Smart Agora is found at several Smart
City domains such as cycling risk, urban infrastruc-
tures, decisions for participatory budgeting projects,
and other.13–15

The contributions of this article are summarized as
follows.

› A flexible and modular modeling architecture for
crowd sensing and outdoor living lab experimen-
tation that supports a large spectrum of com-
plex experimental scenarios.

› The open-source platform of Smart Agora that
realizes the modeling architecture by imple-
menting the Smart Agora Dashboard for design-
ers of experiments and the Smart Agora App for
recruited participants.

› A review of Smart Agora use cases to demon-
strate the broad spectrum of its applicability.

› A software artifact demonstrator16 of Smart Agora
running on a virtual machine for reproducability,
engagement, and assessment of the approach by
the broader community.

› Systematic documentation of Smart Agora for
users and developers.

The “software accessibility” is outlined at the end
of this article.

SMART AGORA LIVING LAB
The Smart Agora living lab is an open-source crowd
sensing framework for visually designing and carrying
out complex outdoor socio-spatio-temporal experi-
ments. It consists of the Smart Agora Dashboard and
the Smart Agora App. The Smart Agora platform is
documented and can be easily tested in a provided vir-
tual machine.16 All these are listed in “software acces-
sibility,” at the end of this article.

Experimental Design: Smart Agora
Dashboard
The Smart Agora Dashboard is a web platform
designed to simplify the creation of complex outdoor
experimental scenarios using pervasive devices such
as smart phones. The designer of Smart Agora experi-
ments creates geographical points of interest, where
participants share experimental data, e.g., geolocated
survey and sensor data. This dashboard provides the
option to reuse and modularize several complex data
collection processes as well as deploy them at differ-
ent time points with different participants. The design
of experimental scenarios is visual and interactive
without the need to write a single line of code. How-
ever, each experimental scenario can be fully encoded
and parsed within JSON files that allow automated
generation of complex experiments. For instance, con-
sider experiments that require the collection of data
at every bus or tram station in a city. The points of
interests can be automatically loaded by including the
location of the stations in the JSON files, along with
the necessary data collection configurations. The fol-
lowing JSON 1 code listing illustrates an example of
how data collection is encoded.

JSON 1: Example of a data collection asset. It con-
tains configurations for a point of interest coming
with a survey question with two options to choose
from as well as two sensor data collections (gyroscope
and GPS location).

2



Geolocated Data Collection: Smart
Agora App
The Smart Agora app is an Android app that allows
participants to subscribe and participate to experi-
ments. These experiments are loaded in an aug-
mented map that contains the points of interest that
participants visit to answer questions on spot, while
sharing smart phone sensor data (see Figure 1). Visit-
ing the points of interests is verified when participants
are in close proximity with a point of interest mea-
sured by a radar-like radius of a localization cycle. A
similar method with an ellipse is also supported, where
the shortest axis of the ellipse points to the direction
of the next point of interest.17 This elliptical method of
localization could be suitable in urban environments
with narrow streets. Smart Agora localization cur-
rently operates based on GPS technology. However,
approaches based on distributed ledgers operating

with LoRaWAN and adhoc networks can be more
secure and reliable alternatives.13

Innovations and Special Features
Smart Agora supports by design innovative experi-
ments that improve data collection quality. Compared
to continuous privacy-intrusive sensing approaches,18

Smart Agora collects minimal data, tailored to specific
context and purpose and as such it is easier for the
designers of the experiments to meet minimal data
collection requirements of ethical review boards. This
is made possible by making participants’ responses
subject of proving witnessed presence.13 Answering
survey questions and sharing sensor data is per-
formed after verification of the location or another cri-
terion related to the situational awareness of
participants using QR codes, challenge questions, puz-
zles, and CAPTCHA-like tests. This is useful in experi-
ments with outdoor group interactions in which group
members require to prove their identity and member-
ship to each other group member. Similarly, the obser-
vations of experiments involving physical objects, e.g.,
the effect of a political poster, the response of a traffic
light for pedestrians or arrival delays in a bus station,
could be verified with a QR code on the physical
object. These verification processes result in automat-
ing the control of experimental conditions that is usu-
ally performed manually by lab moderators in indoor
lab environments.

FIGURE 1. Augmented map of the Smart Agora App.
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Fields of Application
Proving witnessed presence has a significant impact
on improving the quality of data collection. Data shar-
ing is designed as responsible testimonies and citizens’
interventions.13 This makes Smart Agora highly versa-
tile and applicable in different living labmanifestations:
(i) Science—scientists design experiments and partici-
pants are recruited to participate. Cycling risk assess-
ments is an example here.13;14 (ii) Policy-making—
policy makers design participatory decision-making
and deliberation processes, while citizens participate
directly in crowd-sourced decisions and bottom-up pol-
icy formation. The participatory budgeting field test in
the city of Aarau is an example here.15 (iii) Education—
teachers and lecturers design highly engaging outdoor
learning activities and students learn out of the class.
The 2018 MSc course “data science in techno-socio-
economic systems” at ETH Zurich is an example here.

SMART AGORA CROWD SENSING 
MODELING

results in data collected by the assigned participants
according to an asset. All experimental processes can
be designed visually without writing a single line of
code. The Smart Agora architecture is implemented
by the hive platform built in Go and Elasticsearch.

Figure 3 illustrates the lifecycle of a Smart Agora
experiment from design to deployment and completion
of the data collection. The designer of the experiment
creates an account to the Smart Agora Dashboard and
logins to create a crowd sensing project. The participants
of an experiment download the Smart Agora App and are
granted access to the subscription of projects using an
access code provided to them by the moderators of the
experiment as part of the recruitment process.

In the meantime, the designer of the experiment
creates data collection assets that contain the points
of interests with the survey questions and the desired
mobile sensor data for collection. These assets are
associated with tasks via the creation of assignments
that control which participants can join the experi-
ment. The participants can subscribe to the task
assignments. This loads the points of interests and
survey questions to their smart phone map, while it
configures the sensor data collection, e.g., frequency.
Upon completion of the task, the data are transferred
to the Smart Agora database for storage and analysis.
Smart Agora also provides the option to forward col-
lected data to DIAS (http://dias-net.org), the dynamic
intelligent aggregation service19 for decentralized real-
time data analytics.13

FIGURE 2. Smart Agora modeling architecture.

Figure 2 introduces the modeling architecture of 
Smart Agora. It consists of four core elements: (i) proj-
ect, (ii) asset, (iii) task, and (iv) assignment. A crowd 
sensing project can contain several data collection 
assets that encode experimental scenarios. Each 
asset can be used in several unique data collection 
processes by creating a task and linking this task with 
the asset via an assignment to participants. A task
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The rest of this section illustrates the features of
Smart Agora and how they support different outdoor
experimental scenarios.

Crowd Sensing Project
A Smart Agora crowd sensing project is the top of the
modeling hierarchy and facilitates a group of experi-
mental processes and collected data. It is initially cre-
ated by the designer of the experiment and contains

multiple crowd sensing assets, tasks, and assignments.
By default, an auto-assignment option connects a cre-
ated asset with themost recent task and is made avail-
able immediately to all available participants in the
pool. A crowd sensing project can be used to group
together a series of several experiments and collected
data that serve a research project. In this way, the
whole experimental design of a research project can
be built incrementally andmanagedmore efficiently.

FIGURE 3. lifecycle of a Smart Agora experiment.
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Crowd Sensing Asset
The crowd sensing asset provides toolkits to design
ubiquitous experiments and the collection of socio-
spatio-temporal data. An asset is associated with a
project. An experiment can be conducted in three nav-
igational modalities:

› Simple modality: Navigation to different points
of interests occurs in any order. This experimen-
tal modality is provided for experiments with a
large number of points of interests (e.g., all bus
stations of a city), probably expanding to a large
geographic area of several possible participants.
Data collection is usually long-term and large in
scale, making it suitable to compare experimen-
tal observations over different geographical
areas and over time, i.e., evolving human behav-
ior and environment.

› Sequential modality: Navigation to different
points of interests occurs in a predetermined
order introducing in this way a well structured
experimental process that has to be followed by
participants (e.g., following given vehicle routing
trips). The information into which a participant is
exposed at a certain point of interest determines
the behavior and survey responses at the next
points of interests. This allows to observe and
study systematically a socio-spatio-temporal
phenomenon (e.g. mobility pattern) by tracing at
check points (the points of interests) how it
incrementally evolves. Compared to the simple
navigation modality, this one is suitable for more
controlled experimental scenarios with a lower
number of points of interests and participants,
with the geographical scale depending on the
transport mode involved, e.g., walking pedes-
trians versus cyclists, versus vehicle drivers.

› Dynamic modality: Navigation to different
points of interests is determined by survey
responses or by detected events in the col-
lected sensor data. The next point of interest to
visit is determined by the answer to a question
at a previous point of interest. This feature
allows the design of “what–if” and gamification
scenarios (“serious games”) in which partici-
pants are involved in an outdoor living lab prob-
lem solving. An experiment conducted under
the dynamic modality can be used to vary on-
the-fly experimental conditions of participants
based on their demographics or environmental
variables they experience and detected within
the sensor data.

Moreover, an asset consists of multiple geolocated
survey questions. Each question consists of a location
on a map (GPS coordinates), the question formulation,
the question type (radio, checkbox, likert scale, and
text box) and an optional amount of rewards that will
be provided to the participants for answering this
question. These rewards can represent the recruit-
ment compensation and incentives to preserve
engagement or scale up data collection, while mini-
mizing attrition effects.5 Rewards can be monetary,
discount coupons or capture value measured with a
designed cryptocurrency (token). Smart Agora can
couple with other systems to automatically manage
transactions and the actual secure value exchange,
for instance digital wallets that verify transactions on
distributed ledgers (blockchain). Depending the ques-
tion type, the designer may introduce the options to
choose from. Additional rewards may be provided for
each selected option to allow experimental econom-
ics research.

Each point of interest can be further augmented
with the collection of smart phone sensor data includ-
ing sensors such as: light, gyroscope, proximity, accel-
erometer, GPS location, and noise. Sensor data are
collected in a determined vicinity around the point of
interest during a determined duration and at a low
(every 2 s), medium (every 250 ms) or high (every
200 ms) frequency. A large localization radius can pro-
vide unrestricted collection of sensor data in experi-
mentation scenarios requiring a continuous and
passive crowd sensing data. Sensor data and sensor
fusion can be used for human activity recognition
(traveling versus walking versus cycling) as well as
social inferences (who speaks with whom on spot),
including the inferences to prove witnessed
presence.13

The creation of an asset is a collection of multiple
points of interests configured to collect any combina-
tion of survey question data and/or smart phone sen-
sor data. They are created interactively via a visual
wizard that guides the designer step by step to build a
crowd sensing asset. At the end, this wizardl gener-
ates files, such as the JSON 1 code, that represent the
experiment and the designer’s choices. Several assets
can represent different control and treatment groups
for comparisons.

Crowd Sensing Task
A crowd sensing task is determined within a project. It
is associated with an asset via an assignment and as
such it contains the collected experimental data.
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Tasks allow a degree of freedom in the data that can
be collected by (re)using one or more assets. For
instance, given a crowd sensing asset, the same data
can be collected at different time points by the same
or different groups of participants. And vice versa, the
same data can be collected by different groups of par-
ticipants at the same or different time points.

Crowd Sensing Assignment
An assignment connects an asset and a task to the
participants of an experiment. The designer has con-
trol of which participants to choose from the ones
recruited and available in the pool.

SMART AGORA IN ACTION: USE 
CASES

Four different use cases are outlined here to demon-
strate the applicability spectrum of Smart Agora and
its impact on outdoor experimentation.

Crowd Sensing of Cycling Safety
The capability of Smart Agora to facilitate informed
decisions by geolocating the decision-making process
(proof of witnessed presence) is assessed in a study
on cycling safety.13 The perception of bike riders about
the cycling safety of different urban spots in Zurich is
compared to an empirical safety model14 built using
official data of the Federal Roads Office collected
from Swiss GeoAdmin. If the two safety estimations
match, this is indication that witnessed presence in
participatory crowd sensing can indeed provide infor-
mation quality comparable to the official but costly
data collection methods.

The empirical risk estimation of a route is derived
by a continuous spatial accident risk model of Zur-
ich.14 This is the baseline that is compared to the per-
ceived cycling risk estimated via 11 Smart Agora test
users. A crowd sensing asset is designed using the
sequential navigation modality with four points of
interest. The cycling risk of each road section that
connects two consecutive points of interests is
assessed at the latter point. A likert scale question
pops up in the Smart Agora app to evaluate cycling
risk at a linear scale between 1. very safe to 5. very
dangerous. All test users cycled at the same day and
time to minimize biases originated from weather, light
condition, and the condition of different bikes.

A high matching is found between the empirical
evidence from the cycling accident data and the
cycling risk that citizens witness.13 This motivates an
alternative more legitimate policy-making approach

that relies on high-quality crowd sensing data col-
lected by verifying witnessed presence.

Geolocated Voting for Participatory
Budgeting
Along with collecting high-quality policy-making data,
Smart Agora can also empower novel participatory
processes that have earlier been too costly or com-
plex for digital democracy. For instance, a participa-
tory budgeting field test is planned to run in the city of
Aarau in Switzerland, where citizens will decide them-
selves for a Smart City project to fund using a munici-
pal budget of 10k CHF to improve their life.15 Examples
of such projects include transport decarbonization ini-
tiatives (e.g., bike sharing stations), digital cultural her-
itage, smart waste bins and other.

The use of Smart Agora for outdoor experimenta-
tion opens up several new research avenues that will
be explored in this project. For instance, to what
extent proving witnessed presence results in more
legitimate voting outcomes? Letting citizens of a local
district community to witness urban spots that will be
transformed by Smart City projects has an added
value at different levels: Citizens can physically come
closer to each other to deliberate about the impact of
the project on the community and urban surrounding.
Citizens can improve their awareness by collecting
evidence to support a more informed and responsible
decision. This process reunites the digital and physical
decision space of citizens, inspiring the revive of a
new cyber-physical “ancient Agora of Athens,” Ulti-
mately, this process shall result in a voting outcome
accepted by the broader community and even by citi-
zens that voted against the elected project.15

Moreover, voting rules, e.g., majority voting versus
multioption preferential voting, can influence voting
outcomes as well as the capacity of local communities
to reach legitimate decisions that promote consensus.
Smart Agora can implement different voting rules
applied to different treatment groups during the field
test to make novel comparisons in the context of out-
door geolocated decision-making.

Decentralized Sensing of Transport
Sustainability
Beyond the persistence of collected data in the Smart
Agora database for offline analysis, the integration of
DIAS to Smart Agora provides capabilities for decentral-
ized real-time data analytics.13 In particular, collective
measurements (summation, average, max, min, count,
etc.) can bemade and updated in real-time based on the
most recent shared data of participants localized at
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points of interest. When participants depart from a point
of interest, automated rollback operations are per-
formed to preserve accurate estimations using exclu-
sively localized participants. These novel calculations
are performed in an interactive and cooperative fashion
by participants’ devices and without the involvement of
any centralized third party. DIAS implements the distrib-
uted communication protocol and a memory system for
efficient localized datamanagement, see earlier work for
technical details.13;19

To demonstrate this progressive capability, a com-
plex field test was conducted in Zurichwith six test users
to assess the sustainability of transport usage.13 The par-
ticipants choose the preferred transport mean to reach
two points of interest using a simplified linear model of
sustainability: 0. Car, 1. Bus, 2. Train, 3. Tram, 4. Bike, 5.
Walking. The mean sustainability is updated in real-time
as participants arrive and depart from the points of inter-
est, where they choose their preferred transport mean,
see the video at “software accessibility.” The observed
estimations of transport sustainability approximate well
the actual sustainability values. This confirms the effi-
ciency of Smart Agora to carry out decentralized real-
time collectivemeasurements.

COVID-19 and Field Experimentation
The COVID-19 pandemic creates several challenges
for indoor experimentation. Participants and modera-
tors are exposed to significant infection risks. Several
university labs have been closed during lockdowns,
while setting up a safe lab can be costly, complex, and
time-consuming, requiring institutional approvals
along with new frameworks of safety and operation
(ventilation, disinfection, COVID-19 testing, recruit-
ment, ethical approvals, etc.).

In contrast, outdoor experimentation with Smart
Agora reduces infection risk for participants as experi-
mental tasks are deployed automatically and
remotely. Smart Agora can also provide a higher
degree of freedom to scale up recruitment and ubiqui-
tous data collection, lower moderation cost, and
higher realism. Moving experimentation outdoors pro-
vides new opportunities to limit sampling biases of
indoor lab pools of participants, often overpopulated
by young individuals with a student profile. Partici-
pants from older age groups can be engaged given the
priority they have to vaccination as well as the oppor-
tunity to eliminate isolation of elderly during lockdown
and to contribute to public good.

Recruitment for experimentation can be heavily
affected due to COVID-19 governmental constraints
on mobility. These can restrict people to move only in

close proximity for essential purposes such as going
to work, shopping, or exercising. Other activities may
be prohibited and even fined. Smart Agora provides
new opportunities to seamlessly integrate experimen-
tal processes within permitted mobility ranges. For
instance, instead of an indoor driving simulator, driv-
ing behavior can be studied during pandemics when
citizens drive to work or for shopping by implementing
a travel diary using Smart Agora. Similarly, Smart
Agora can also serve COVID-19 research,2;3 for
instance understanding infection risk and epidemic
spread by crowd sensing collective human behavior
and actions.

Incentives to participate in experimentation may
deviate from the norm during pandemics. Lab recruit-
ment can be a flexible income support given the loss
of jobs. Nonmonetary incentives have a potential to
strengthen the sense of community belonging using
participatory and gamification elements20 such as the
ones of Smart Agora. These incentives may capture
new ways to trigger intrinsic human values during
lockdowns, for instance, higher interest in contributing
to science, i.e., citizen science, outdoor exercising, or
well being.

BROADER AND FUTURE 
PERSPECTIVE

As smart cities coevolve to complex ecosystems of
compelling socio-technical complexity, living lab out-
door experimentation will remain a timely and signifi-
cant challenge to tackle. Collecting crowd sensing
data is not only the end goal, but also the mean to rea-
son about desired experimental conditions to carry
out rigorous studies involving causal inferences. Veri-
fying such conditions in an automated way opens up
new avenues to carry out large-scale outdoor experi-
mentation with lower biases, noise, and moderation
level. Smart Agora is an endeavor along these lines,
made to support both experiment designers and par-
ticipants in different manifestations of science, policy-
making or education.

Several challenges though remain such as how to
incentivize participation and minimize dropouts as
well as identify and minimize unknown biases that will
emerge in complex urban environments. Outdoor
experimental participation requires new intrinsic val-
ues for incentivizing citizens’ contributions to science.
Distributed ledgers and cryptoeconomic principles
such as token curated registries are promising means
to capture and securely exchange such values. This is
also expected to scale up the number of participants
in future use cases.
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Despite the minimal and targeted data collection
approach of Smart Agora, solutions for privacy protec-
tion and data sharing control will be implemented in
future, for instance, differential privacy, and homomor-
phic encryption to privately aggregate sensitive citi-
zens’ data. Participants may require self-determined
access control rights to sensor data to deliver certain
crowd sensing tasks.19 Hence, data collectors need to
match with data suppliers based on shared values
that go beyond monetary ones and resolve social
dilemmas related to privacy, ethics, quality of life,
comfort, and other. For instance, citizens’ assemblies
may play a role of ethical review boards determining
experimental participation and as such paving the
way toward new standards and norms on how to con-
duct experimental research. This will allow citizens to
“shape” and ethically align experiments to their own
common values and in a bottom-up way, pushing
toward a more socially responsible science.

SOFTWARE ACCESSIBILITY
The Smart Agora platfrom and supporting material are
open-source and accessible via the links below:

› Smart Agora Dashboard:
https://github.com/epournaras/
SmartAgoraDashboard

› Smart Agora App:
https://github.com/epournaras/SmartAgoraApp

› Smart Agora Documentation:
https://epournaras.github.io/
SmartAgoraDocumentation

› Tutorial of the Smart Agora demonstrator16:
https://www.youtube.com/watch?
v¼6KYjd4AaNkE

› Smart Agora - DIAS Demonstrator:
https://www.youtube.com/watch?
v¼ULSMypnvL9w

› The hive platform on which Smart Agora relies:
https://github.com/nytlabs/hive

ACKNOWLEDGMENTS
This work was supported by the SNF NRP77 “Digital
Transformation” project “Digital Democracy: Innovations
in Decision-making Processes,” #407740 187249: https://
www.nfp77.ch/en/portfolio/trust-and-legitimation-in-
the-digital-democracy/. The authors would like to thank
Prof. Dirk Helbing and the Chair of Computational Social
Science for supporting this research. Edward Gaere sup-
ported the integration of Smart Agora with DIAS,19 while
Dr. Alexey Gokhberg provided the Hive interfaces to

Smart Agora. The authors would also like to thank the
2018 students of the course “Data Science in Techno-
socio-economic Systems” at ETH Zurich who used Smart
Agora and provided invaluable feedback. Many thanks
go to other Empower Polis teammembers as well as the
Institute of Science Technology and Policy (ISTP) of ETH
Zurich for running the ETH Policy Challenge and provid-
ing a venue to cultivate ideas for outdoor living lab
experimentation.

REFERENCES
1. M. Hossain, S. Leminen, and M. Westerlund, “A 

systematic review of living lab literature,” J. Cleaner 
Prod., vol. 213, pp. 976–988, 2019, doi: 10.1016/j. 
jclepro.2018.12.257.

2. N. Oliver et al., “Mobile phone data for informing public 
health actions across the COVID-19 pandemic life 
cycle,” Sci. Adv., vol. 6, no. 23, 2020, Art. no. eabc0764, 
doi: 10.1126/sciadv.abc0764.

3. M. Nanni et al., “Give more data, awareness and control 
to individual citizens, and they will help COVID-19 
containment,” Ethics Inf. Technol., pp. 1–6, 2021, doi: 
10.1007/s10676-020-09572-w.

4. M. J. Salganik, Bit by Bit: Social Research in the Digital 
Age. Princeton, NJ, USA: Princeton Univ. Press, 2019, 
doi: 10.1177/0267323120922090.

5. A. A. Arechar, S. G€achter, and L. Molleman,

“Conducting interactive experiments online,” Exp. 
Econ., vol. 21, no. 1, pp. 99–131, 2018, doi: 10.1007/s10683-
17-9527-2.

6. S. Balietti, “nodegame: Real-time, synchronous, online 
experiments in the browser,” Behav. Res. Methods, vol. 
49, no. 5, pp. 1696–1715, 2017, doi: 10.3758/s13428-
16-0824-z.

7. U. Fischbacher, “z-Tree: Zurich toolbox for ready-made 
economic experiments,” Exp. Econ., vol. 10, no. 2,
pp. 171–178, 2007, doi: 10.1007/s10683-006-9159-4.

8. D. L. Chen, M. Schonger, and C. Wickens, “oTree-an open-
source platform for laboratory, online, and field 
experiments,” J. Behav. Exp. Finance, vol. 9, pp. 88–97, 2016, 
doi: 10.1016/j.jbef.2015.12.001.

9. D. Ferreira, V. Kostakos, and A. K. Dey, “AWARE: Mobile 
context instrumentation framework,” Front. ICT, vol. 2, 
2015, Art. no. 6, doi: 10.3389/fict.2015.00006.

10. R. Marin-Campos, J. Dalmau, A. Compte, and D. Linares, 
“StimuliApp: Psychophysical tests on mobile devices,” 
Behav. Res. Methods, vol. 53, no. 3, pp. 1301–1307, 2021, 
doi: 10.3758/s13428-020-01491-4.

11. F. Alt et al., “Digifieds: Insights into deploying digital 
public notice areas in the wild,” in Proc. 10th Int. Conf. 
Mobile Ubiquitous Multimedia, 2011, pp. 165–174, doi: 
10.1145/2107596.2107618.

9



12. M. A. Kilian, M. Kattenbeck, M. Ferstl, B. Ludwig, and F. 
Alt, “Towards task-sensitive assistance in public 
spaces,” Aslib J. Inf. Manage., vol. 71, no. 3, pp. 344–367, 
2019, doi: 10.1108/AJIM- 07- 2018- 0179.

13. E. Pournaras, “Proof of witness presence: Blockchain 
consensus for augmented democracy in smart cities,”
J. Parallel Distrib. Comput., vol. 145, pp. 160–175, 2020, 
doi: 10.1016/j.jpdc.2020.06.015.

14. D. Castells-Graells, C. Salahub, and E. Pournaras, “On 
cycling risk and discomfort: Urban safety mapping and 
bike route recommendations,” Computing, vol. 102, no. 
5, pp. 1259–1274, 2021, doi: 10.1007/s00607-019-00771-y.

15. R. H€anggli, E. Pournaras, and D. Helbing, “Human-

centered democratic innovations with digital and 
participatory elements,” in Proc. 22nd Annu. Int. Conf. 
Digit. Government Res., 2021, pp. 227–233, doi: 10.1145/ 
3463677.3463708.

16. E. Pournaras, A. N. Ghulam, and R. Kunz, “Smart agora 
software artifact demonstrator,” Apr. 2021. [Online]. 
Available: https://doi.org/10.5281/zenodo.4698876, doi: 
10.5281/zenodo.4698876.

17. D. Griego, V. Buff, E. Hayoz, I. Moise, and E. Pournaras, 
“Sensing and mining urban qualities in smart cities,” in 
Proc. IEEE 31st Int. Conf. Adv. Inf. Netw. Appl., 2017, pp. 
1004–1011, doi: 10.1109/AINA.2017.14.

18. M. Rabbi, Passive Sensing. New York, NY, USA: Springer, 
2020, pp. 1–3. [Online]. Available: https://doi.org/ 
10.1007/978-1-4614-6439-6_102004-1, doi: 
10.1007/978-1-4614-6439-6_102004-1.

19. E. Pournaras, J. Nikolic, A. Omerzel, and D. Helbing,
“Engineering democratization in Internet of Things data 
analytics,” in Proc. IEEE 31st Int. Conf. Adv. Inf. Netw. 
Appl., 2017, pp. 994–1003, doi: 10.1109/AINA.2017.15.

20. K. Seaborn and D. I. Fels, “Gamification in theory and 
action: A survey,” Int. J. Hum.- Comput. Stud., vol. 74, pp. 
14–31, 2015, doi: 10.1016/j.ijhcs.2014.09.006.

EVANGELOS POURNARAS is currently an Associate Profes-

sor with the School of Computing, University of Leeds, Leeds, 

U.K. He is also a Research Associate with the UCL Center of 

Blockchain Technologies and an Alan Turing Fellow. He has 

more than five years of research experience at ETH Zurich and 

EPFL, Switzerland, including industry experience at IBM T. J. 

Watson Research Center, USA. He has authored or coau-

thored more than 75 peer-reviewed papers. Evangelos' 

research interests include distributed and intelligent social

computing systems with expertise in the domains of smart cit-

ies and smart grids. He received the B.Sc. degree in technology 

education and digital systems from the University of Piraeus, 

Piraeus, Greece, in 2006, the M.Sc. degree with distinction in 

internet computing from the University of Surrey, Guildford, 

U.K., in 2007, and the Ph.D. degree from the Delft University of 

Technology, Delft, The Netherlands, in 2013. He was the recipi-

ent of the Augmented Democracy Prize, the 1st prize at ETH 

Policy Challenge, and five paper awards and honors. He is 

the founder of the EPOS, DIAS, SFINA and Smart Agora proj-

ects and has worked in several EU/national projects. He 

is the corresponding author of this article. Contact him at 

E.Pournaras@leeds.ac.uk.

ATIF NABI GHULAM NABI is currently a Software Developer 

at Supercomputing Systems, Zurich Switzerland. He was a 

Research Assistant with the Chair of Computational Social 

Science during which he studied and developed digital voting 

systems. He specializes in mobile and web application devel-

opment. He received the B.Sc. degree in computer science 

from ETH Zurich, Zurich, Switzerland, in 2021. Contact him at 

atifghulamnabi@gmail.com.

RENATO KUNZ is currently a Software Developer at Super-

computing Systems, Zurich, Switzerland. He was as a 

research assistant at the Chair of Computational Social Sci-

ence during which he studied and developed digital voting 

systems. He received the B.Sc. degree in computer science 

from ETH Zurich, Zurich, Switzerland, in 2021. His research 

interests include mobile and web application development. 

Contact him at renato.kunz@gess.ethz.ch.

REGULA H€ANGGLI is currently a Full Professor of 

political communication at the University of Fribourg, 

Fribourg, Switzer-land. From 2011 to 2013, she was an 

Assistant Professor at the University of Amsterdam. Before, 

she studied political science at the University of Berne. She 

received the Ph.D. degree from the University of Zurich, 

Zurich, Switzerland, in 2010. Her work deals with (digital) 

democracy and opinion formation pro-cesses, and the 

interplay between politicians, media, and citi-zens. She is a 

principal investigator in the NRP 77 “Digital 

Transformation” with a project about digital 

democracy. Contact her at regula.haenggli@unifr.ch.

10



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




