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“	What is a city, but the people?
True, the people are the city.”
	William Shakespeare (1564–1616)
Coriolanus (Act III. Scene I.)
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Co-production of public services between municipal authorities and citizens is not new, and the creation of
public services by, instead of simply for, the public, has been a key theme internationally for over a decade.
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At the same time, the domination of smart city rhetoric and practice by complex technology has effectively disintermediated the citizen
from a close relationship with public services. However, recently, we have seen that the increasing recognition of data as the prime mover
of smart cities, and the role of the citizen as both subject and object of data, has moved the focus back to this relationship. Engaging with
and empowering citizens increases their motivation both to contribute data and to participate in smart services, which should reward
cities who enable this.
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Figure 1: A framework for citizen-centric development of smart city services.
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• Case Study 14: Garbage Collection App in Vancouver

Key Recommendations for Engaging Citizens in Smart Cities:
To enable citizens to engage effectively with the development of smart city services, they should be:
• Informed about the opportunities provided by civic technology and how this can empower them to use and provide
data to transform their city;
• Presented with a range of opportunities for co-creation across the framework;
• Engaged via low tech, bottom-up approaches which reduce barriers and value diverse insights;
• Offered opportunities to interact with technically skilled citizens, and to develop technical awareness themselves;
• Engaged with apps and sensors that build on existing tools and existing practices, rather than requiring them to learn
and implement entirely new activities;
• Supported to engage with city authorities (and vice versa) - feedback channels should enable citizens to improve,
as well as benefit from improved, services.

The case studies described here demonstrate how citizens can be involved with smart city data use at every step.
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INTRODUCTION

Cities and urban areas have become avid users and sources of data. Smart cities initiatives (such as Open
and Agile Smart Cities, which has a membership of approximately 120 cities)1 have catalysed investment
in infrastructure, enabling the monitoring of many aspects of city life: traffic, air quality, weather, parking,
building repair, use of public space, energy consumption and more, creating tremendous amounts of data.
In recent years, many of these data sets have been released under
open licences. This both improves the transparency of public
administrations, and enables the open innovation of services
and applications useful to citizens.
Citizens are the fundamental actors of a smart city ecosystem for
two reasons. A genuinely “smart” city puts the needs of its citizens
first. Data must be collected with a purpose, and that purpose
should improve some aspect of the interaction of people with the
cities they inhabit. Additionally, much of the data collected has at
its source citizens themselves, for example, where they gather
for working or socializing, or how they move around the city.
On the other hand, the pervasion of digital and connectivity
technologies in human lives through smartphones, gadgets and
social media facilitates increased interaction between governments
and citizens. For example, through a mobile app, city administrators
can provide traffic information services, and at the same time, let
citizens report the location of a traffic jam. By agreeing to share
timely and accurate data on their location, citizens can, for example,
let authorities know what are the alternative routes they take
when there are traffic jams. Ultimately, this data could also impact
urban planning, for example, the design of new bus routes, or
the increasing of parking fees to reduce traffic.
A well-facilitated interaction between citizens and city
administrators creates a virtuous circle: when a service improves
thanks to feedback and interaction, citizens are motivated to
continue to participate and connect. Without this engagement,
citizens may be wary of contributing to, or even using the service.

Further, as technologies such as artificial intelligence increasingly
power cities’ systems, these will be useless without accurate data
from citizens. In fact, it is the data that is central, as it will be required
whatever the developments in the technology that makes use of
it. Hence, the smarter the cities become, the more they will rely
on human involvement for successful implementations. However,
Oliveira (2017) argues that it is still unclear how citizens benefit
from new urban technologies, highlighting the need to involve
them in a “multi-level dialogue” about their cities, and develop a
“sense of co-ownership through co-decision making”. Cardullo
and Kitchin (2018) critique initiatives such as Songdo, South Korea
and ‘Silicon Docks’ in Dublin as casting citizens in these smart
cities as simply, “high-income consumer(s) seeking an exclusive
property investment with the latest technological trimmings,”
rather than using them to support the vital aims of “producing
more sustainable, diverse, participatory communities.”
In this white paper, we tackle the question of how can city
authorities effectively integrate and engage citizens in the inception
and development of data-based services for smart cities? For this,
we have defined a framework for Citizen-centric smart cities
service development, that serves as a guideline for engagement
in three specific areas of the data relationship between citizens
and smart cities:
• Empowering people to understand their data and share it
for the common and commercial good
• Increasing citizen influence on the co-design and creation
of civic technology services
• Driving citizens’ involvement in shaping the collection and
processing of data for digital services.
We illustrate the framework with 14 case studies from across
the smart city world.
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PEOPLE AND
SMART CITIES
The most long standing smart city
initiatives have been conceptualized and
implemented in an attempt to improve
and make more efficient the operations
of a city, such as the Transport for London
Oyster card (launched 2003).
This was designed to reduce the number of
interactions at ticket offices, and to reduce the number
of paper tickets produced. However, such initiatives
were primarily created to benefit the overseeing
authority, and were not explicitly created to capture
or exploit data on citizens, and awareness of the
possibilities provided by this has only grown latterly.
Consequently, in attempting to define and
circumscribe smart cities, people have often
been pushed to the edges, or not included at all.
Some definitions imply the existence of citizens,
via references to quality of life (Carigliu et al, 2011)
and cities being habitable or liveable (Barrionuevo
et al, 2012). Others allude to the role of citizens as
resource, as ‘human capital’ (Kourtit and Nijkamp,
2012, Lombardi et al, 2012, Nam and Pardo, 2011).

Digital city
Intelligent city
Ubiquitous city
Wired city
Hybrid city
Information city

Technology factors:
Physical infrastructure
Smart technologies
Mobile technologies
Virtual technologies
Digital networks

Smart
city
Creative city
Learning city
Humane city
Knowledge city

Smart community
Smart growth

Institutional factors:
Governance
Policy
Regulations/directives

Human factors:
Human infrastructure
Social capital

Figure 2: Fundamental components of smart city, reproduced
from Nam and Pardo, 2011.
In their metastudy of smart city definitions, Nam and Pardo (2011)
outline a smart city as constituting a Venn diagram of technology,
human and institutional dimensions. Terms often used in the human
dimension include creativity, workforces, social infrastructure,
humane cities and learning cities. People are primarily subjects in
their roles as workers, as knowledge bases or as learners rather than
as individuals with agency to influence the direction of smart cities.

Chourabi et al (2012) present an Integrative Framework for smart
cities that shows people as further removed from the core of
smart cities, designating them, along with governance, natural
environment, infrastructure, and economy ‘outlier factors’, noting
they “are in some way filtered or influenced more than influential
inner factors (technology, management, and policy)”. They also
state that technology often intermediates other aspects, and so
dominates smart city thinking and activities.
More recent scholarship has taken an increasingly critical approach,
and focused more on the inclusion of citizens into definitions
and structure (Joss, Cook and Dayot, 2017). This is part of a more
‘ground-up’ people-oriented movement. Concerns about ‘urban
surveillance’ have also grown (Gabrys, 2014) and entered the
mainstream smart cities conversation (Guardian, 2018). At the same
time, the comparative dominance of technology as a key driver has
reduced, and a focus on the “data-rich city” (Oliveira, 2017) and the
re-use of existing data to develop services has grown alongside the
open data movement. All these movements - people-oriented, open
and privacy-conserving - are all also underpinned by arguments of
citizen-centric democracy.
Based on the above work, the below simplifies a contemporary
examination of the factors affecting, describing and defining smart
cities, where people are central and data plays a more coherent role
than the changing technologies applied to it.

Facilitating without
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Figure 4: Citizen-centric factors affecting smart cities.
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Figure 3: Smart city initiatives framework, reproduced from
Chourabi et al, 2012.
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PEOPLE
AND DATA
The main sources of data in a smart city are directed, automated and volunteered (Kitchin, 2014). Directed
data collection includes traditional surveillance of the type that most people are aware of, such as passport
checking at border control. Volunteered data includes crowd-sourced data (where people are aware of their
input) and social media (where they are aware of content but not necessarily of its use). Automated data is a
by-product of processes such as the TfL example above, car parking or congestion charging using automated
number plate recognition (ANPR) or billing or metering.
It is this group of data that holds the greatest promise for efficiency and improvement, albeit a group in which citizens are simply a “datapoint” (Gabrys, 2014). It is also least likely that citizens (or many city authorities) understand the possible implications of this data. For
example, data on how often, and for how long, a bus stops at a bus stop, does not appear to be particularly personal. It may, however, be
possible to deduce from these patterns that a wheelchair user boards a certain bus on certain days and takes a certain route to a location
from which further deductions may be made. People have become unwitting data subjects.
Ideally, cities would take into consideration the full range of possible impacts when collecting and using citizen data. However, in practice, full
awareness of the data implications around data capture, data ownership and data subjects, to name just three, have frequently been absent
when cities have launched initiatives. This has led, in many cases, to what Kitchin (2014) designates “corporatisation of smart cities”, where
ownership of data that is key to operating a city, and the ability to make decisions on how to operate the city, pass into the hands of large
technology companies.
The DECODE EU Project report on Reclaiming the Smart City: Personal data, trust and the new commons (2018) identifies three key risks
emerging from cities’ increased use of data to inform their approaches to and deliver government services. These are engaging in largescale and unmentioned surveillance of citizens; consent-free data collection and undue corporation influence on city activities.
People’s relationship with their data has also been conceptually and literally intermediated by technology, with machines and machine
processing having the dominant relationship with data. Curry (2016) devised the Big Data Value Chain (BDVC) as a tool for modeling the
high-level activities comprised in an information system. The BDVC identifies the following 5 activities, as depicted in Figure 2: Acquisition
as the gathering, filtering and cleaning of data; Analysis as the exploration, transformation and modelling to highlight relevant information
or extract knowledge; Curation as the active data management to meet the quality requirements necessary for effective analysis and usage;
Storage as the infrastructure and engineering required for guaranteeing data persistence and availability; and Usage, as the business
activities that rely upon data that has previously passed through previous links in the chain.
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In-Memory DBs
No SQL DBs
New SQL DBs
Cloud storage
Query interfaces
Scalability and
performance
Data models
Consistency, availability,
partition-tolerance
Security and privacy
Standardization

Decision support
Prediction
In-use analytics
Simulation
Exploration
Visualisation
Modeling
Control
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In this model, people are explicitly mentioned only in
the Data Curation group. This largely refers to the use
of crowdsourcing to improve the quality of datasets,
which has been particularly successful for geospatial
datasets (Sui, Elwood, and Goodchild, 2013).
However, the concept of “Human Computation” can
be valuable here. Focusing on smart cities, the work
of (Stojanovic, et al, 2016) describes a framework
that demonstrates the viability of a common crowdsourcing platform applied to various urban mobility
domains, while Lendák, (2016) identifies and analyses
several existing applications for both acquiring and
collecting data directly from aware citizens in the
domains of environment, citizen collaboration, urban
traffic systems, health/fitness and social networking.
Further, some activities in the Data Value Chain
could - and arguably should - be disintermediated
by technology in order that they can be engaged
with by the non-technical citizen.
As the DECODE report authors make clear, efficiency
and innovation does not have to be in conflict with
privacy and consent (Bass, Sutherland and Symon,
2018). The DECODE project identifies 5 data policy
roles in cities to reduce the risks they outline,
including one they designate ‘the Connector’. This
role examines, “How does the city collect and use
personal data in a way that fosters high quality
and consent-driven engagement with citizens?”
The Framework for Citizen-centric Development
of Smart City Services takes this question further
to include non-personal data and engagement
with efficiency, and offers a way for smart cities
to operationalise citizen-data relationships for
improved services.

Technical working groups

Figure 5: Big data value chain, reproduced from Curry (2016).
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CITIZEN-CENTRIC DEVELOPMENT
OF SMART CITY SERVICES
Our framework for the development of citizen-centric services is comprised of four steps, three centred
around citizens (awareness, co-design and feedback) and the implementation of the service, where citizens
and machines work together. They are arranged in a cyclic way, starting with awareness, followed by co-design
and shaping, the combination of actions that happen once the service is deployed (that we group under the
name “implementation phase”, and feedback. Received feedback can be retrofitted to the awareness phase,
both to increase the awareness of this service, or to help the application of the framework to future services.

People

People

People

Technology

People

Implementation

Awareness

Co-design
and shaping

Collection
Verification
Analysis
Visualisation

Feedback
channels

Finally, no smart city service is complete without a
feedback channel. Having engaged with citizens
throughout the service development process,
cities must not take a step back at this point and
view themselves as arms length service providers
and citizens as consumers of the service. The close
relationship should continue through the provision
of opportunities for citizens to raise awareness of
the service amongst their connections and for cities
to make citizens aware of other pertinent services.
Further, cities can be the beneficiaries of feedback
via the use of the service, and can use this to create
marginal improvements to the service. Services that
have been developed following these steps can be used
as input for awareness activities, closing the cycle.
In the following, for each phase of our framework,
we discuss case studies that highlight techniques,
tools and best practices and provide key takeaways.
Our intention is to provide cities with a portfolio of
alternatives to implement their own suite of citizencentric activities, or to use as a basis for further
innovation in this area.

Figure 6: A framework for citizen-centric development of smart city services.
The cycle starts with creating awareness among citizens of the concept of data and datasets, on what is susceptible to be collected and
how it can be, or is being, collected. This step is frequently neglected, with public authorities assuming prior knowledge and understanding
of the data landscape on the part of the citizens (Argast and Zvyagintseva, 2016). Engagement throughout the rest of the cycle is radically
reduced if this step is not paid appropriate attention.
The greater the number of citizens with understanding of the data landscape and the potential their own data has to power urban services, the
stronger the position a smart city is in when it seeks citizen input to services via the implementation of co-design and shaping strategies.
The purpose is twofold: ensuring that service design is aligned with citizens’ needs, and agreeing the nature and amount of data to be
collected by those services. The output of this step informs the technical requirements that will be developed in the implementation phase.
In the implementation phase, the specifications developed during the co-design and shaping phase are developed and deployed. This
phase has two parts. The first is a purely technical phase where the Smart City develops the application and/or deploys the required sensors.
The second is the participation of citizens in the many of the activities of the data value chain (see above). For data collection, citizens may
participate as sensors (this approach is known as citizen sensing) to contribute with data to the service where sensors don’t reach, when
human readable descriptions of data are needed, and when required data belongs to them (e.g. traces of their activities). For verification
and analysis, citizens may help verify the accuracy of collected data, or the correctness of a classification made by a machine learning
algorithm through appropriate interfaces. For visualization, citizens may also participate in novel ways of visualizing the data.
Including citizens in the loop for data processing is crucial when the service requires personal data or when it may enable identification when
combined with other data. GDPR requires active, rather than passive, consent, but this consent may still be less than completely informed.
Engaging citizens as active data collectors instead of passive data subjects, who are clear on the purpose for which their data is being
processed, enables a truly informed consent.
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AWARENESS

SERVICE CO-DESIGN
AND SHAPING

While smart cities are increasingly using listening exercises to seek solutions and recommendations for
practical actions from amongst stakeholders including citizens, this generally self-selects to citizens already
engaged in policy or technology. Creating awareness of smart city processes amongst citizens is not high on
most cities’ list of activities. In some cases, the cities appear to be inclusive in their outreach, but effectively
they only reach the same, already engaged, groups of citizens. In our first case study, we present how the
Toronto Open Data Institute (ODI) node and the Toronto Public Library (TPL) addressed this issue.

Mission 1 of Smarter London Together - the Mayor’s road map to make London ‘the smartest city in
the world’ - is ‘More User Designed Services’. Many cities have fora in which they garner citizen ideas,
or co-create with citizens, including citizen think tanks such as NextHamburg, or community engagement
platforms such as Synthina in Athens.

Case Study 1: Open Data Jam and Workshop in Toronto
The Toronto Open Data Jam was conceived when ODI Node
Toronto held a hackathon with non-profit workers in the city.
The hackathon was not as well attended as had been hoped,
and it emerged that there were substantial assumptions
about previous knowledge of the purpose of such events.
The first step was to familiarize the audience with various aspects
of the data landscape that were second nature to ODI Toronto, but
completely new concepts to the audience. Without a knowledge
of these concepts, the purpose and potential outputs and impact
of the hackathon was deeply opaque. These concepts included
the civic tech movement - grassroots groups of engaged and data
literate citizens - and hackathons themselves.
The second step was to enable participants to assert themselves
in a highly technical environment. To do this, the Data Jam took the
workshop offline, and asked participants to complete a Civic Tech
Product Brief Worksheet, following a design-thinking process.
Similar to the Data Jam, the goal of the TPL workshop was not only
to assess how data (in this case, open data) could be used by citizens
and the library, but to provide a fundamental understanding of open
data itself. The workshop activities relied on non-digital resources
such as chart paper and markers and introduced participants to the
Data Spectrum (ODI, 2015). Participants drew a simplified version
of the spectrum and then used sticky notes to represent where
they thought different types of data might lie on the spectrum.
Consequently they were enabled to discuss issues of data security
and privacy, and how each type of data might be present in their
everyday engagements with the city.
This low tech approach may seem to add too much to already
stretched cities’ workloads. However, “although many individuals
indicated that this was their first exposure to open data concepts,
throughout the workshop they continually requested information
on free and open source tools for mapping projects and actively
discussed how open data could facilitate more informed
interactions with the City of Toronto’s urban planning department.”
(Argast and Zvyagintseva, 2016)

TPL noted that this inclusive approach garnered a varied range of
demographics. This also helps when aiming for diversity in views,
which is vitally important in order to avoid designing services that
fail to provide for some user groups.
Case Study 2: Citizen Employees in Delft
Every challenge a city faces nowadays has a data component which
is a key part of the creation process. It is sometimes easy to forget
that the first citizens that may benefit from increased awareness in
the data sphere are the people working for the cities. In Delft, data
and information managers have invested in educating coworkers,
including developing a board game on different aspects of data
management.
Case Study 3: National AI Courses
The Finnish and Dutch governments have developed ‘national AI
courses’, aimed at educating citizens for free on the basics of AI. The
Finnish course, Elements of AI, had the goal of 1% of the population,
or 55,000 people, taking the course, and the Dutch programme
leaders aim for 100,000 eventual graduates. The courses are not
aimed at teaching machine learning skills, but instead to raise
awareness amongst non-computer scientists of the opportunities
and risks of AI. Thus, citizens can decide for themselves what
initiatives may be beneficial, and where government should invest.
Key Takeaway: A perceived lack of interest in smart city activities
may actually be the result of inaccurate assumptions about the
level of background awareness and understanding of the context
amongst citizens and municipal staff.

Bath:Hacked is a city council/community initiative that, as they state,
“punches above our weight” in terms of the ideas and products they
create together and is frequently used as an exemplar in Europe
and the US. There are many examples of such organisations, as
this is the area of the framework of which cities tend to have the
most awareness. Such activities are clearly important for capturing
relevant ideas, and also for discovering whether, as increasingly
happens, citizens are conducting their own work in particular areas.
It is also vital for creating buy-in to establish a vision that citizens
can make their own.

In refocusing the formulation of a challenge around accessibility
interventions in public spaces, the citizens also highlighted that
the data required to enable such interventions was not currently
available for use. Service shaping plays an important part in defining
what data should be collected when. This is also a guiding principle
for the smart city activities of Madrid. “By focusing less on how or
how much data is collected, and more on the question of why we
gather data, Madrid aims to keep solutions citizen-centric, and
avoid the pitfalls of a technology disassociated from the people.”2
This bottom-up approach is illustrated in the next example.

Engaging citizens in service co-design and shaping need not be a
complicated, costly exercise. The following case study describes
a low-tech approach used by a medium sized city in France.

Case Study 5: Data Workshops in Winchester
and Ahmedabad

Case Study 4: Engaging Citizens in Identifying
Key Challenges in St Quentin
The City of Saint Quentin, France, is involved in the Smart Cities
Innovation Framework Implementation (SCIFI) project. As part
of this, the cities define key challenges that can be addressed
by external organisations, using their open data. After initially
selecting challenges based on the knowledge of city authorities,
Saint Quentin reached out to their citizens, organising co-design
sessions based around the smart city topics of mobility, energy and
environment. Citizens engaged with elected officials and municipal
officers as well as members of the digital ecosystem. By reaching
out to members of various neighbourhood, youth and senior citizen
councils, as well as members of local associations with a particular
interest in ecology, accessibility and local distribution, they engaged
with 60 individual citizens, half of whom attended a second, follow
up session in which the city brought citizens and other stakeholders
together to discuss all the topics in order to refine and select
specific challenges from the long list developed in previous sessions.
Overall, 4 co-design sessions were held.
The citizens were presented with three challenges that had been
identified by the city. Of these, citizens confirmed that they felt
two were appropriately directed. They suggested changes to the
formulation of another challenge that more clearly focused how the
problem should be addressed. Finally, they suggested a fourth area
of concern that had not emerged within the authorities’ internal
discussions, around optimising the watering of stadiums and green
spaces within the city.
2
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There are some key city issues that appear at first resistant to
inclusion in the smart city narrative. These often include social
issues, such as homelessness and street sleeping. There are
extensive barriers to addressing these issues with data - the level of
personal and sensitive data involved, the size of the organisations
delivering activities around them (often small and third sector)
and their technical capabilities and resources (frequently limited).
The ‘bottom-up’ approach to service co-design and data collection
shaping can be utilised here.
In workshops with groups working with the homeless in Winchester
and Ahmedabad, organisation employees and volunteers attended
two structured workshops to jointly develop and document
their story: including the problems they have to solve; the
information they need to solve them; how data can contribute to
this information and how this data can be obtained. Once the data
was identified, participants were encouraged to consider what
attributes of the data are required for using the data in their context
and what attributes (such as its personal nature, or the level at which
it was collected) might prevent its use. Through this process it was
highlighted that these groups were concerned about aspects such
as discoverability and intelligibility of the data, rather than more
frequently mentioned aspects such as metadata or formatting.
Key Takeaway: Service co-design creates buy-in,
reduces duplication with citizen-led efforts and revitalises
institutional thinking.

http://www.urban-hub.com/cities/fine-tuning-smart-in-madrid/
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IMPLEMENTATION

Once the specification developed during co-design on what, how and why certain data is collected and
processed is finished, it’s time to make it real. The precise details of software framework and infrastructure
are not as important as ensuring a virtuous circle of interaction between people and technology and collecting,
verifying, analysing and visualising data. Furthermore, engaging citizens in co-production of services can make
them more effective by the extent that citizens actually comply with the requirements of the service, and also
scrutinise it (Bovaird and Loeffler, 2013).

Data Collection
Smart city services require good quality data to function properly.
A large amount of these data can be acquired through sensors,
creating endless possibilities sensors can monitor pollution levels
in air and water to raise alerts when appropriate, light sensors can
be used to adjust the brightness of street lamps to save energy,
pressure sensors installed on off-street parking can be used to
direct users to free spots, saving time to drivers and reducing
traffic congestion. However, despite advances in Internet of Things
technologies, the required investments are often in the order of
millions of euros, making it hard to fully cover a city and risking
widening social gaps if a city can only afford to cover certain sectors.
Furthermore, sensors are perfect for registering constant measures
on single static spots (like light on the top of a light pole), but
considerably less useful in situations where the collection points
are scattered or determined dynamically. Although it is possible to
mount sensors in public vehicles such as buses or taxis, this presents
limitations due to routes. Finally, certain services might require data
that can only be input by citizens. Multi-modal transport (where
a commuter may cycle to the station, leave their bike on a rack,
take the train and then finish their journey on foot) is hard to track.
Unauthorised garbage, for instance, is usually deliberately placed
where it cannot easily be seen automatically.

They were popularised by the OpenStreetMap project, but
sponsoring one is an excellent way of collecting data that requires
exploration, with the two-fold benefit of saving the time of a
municipality employee, while at the same time creating awareness.
The city of Nantes has run several mapping parties, for collecting
and verifying street name signs4, increasing the database of trees5,
and collecting bike rack locations6.The Clean Air Campaign7
engages citizens to install air kit tests at locations considered to
be important to measure air pollution. The kit collects a two week
time measurement that is then sent by post for analysis.
Interesting opportunities arise if the measurement can be
performed with a smartphone. Smartphones are ubiquitous in
the sense that many people have one, and they already include
many sensors (camera, gyroscope, accelerometer, microphone)
that people already know how to activate and operate. Through
smartphones, more complex interfaces can be used to collect data
that gives context to and explains sensor data. The book “Citizensensing: A toolkit”8 provides an excellent framework to develop data
collection processes involving citizens. Below, we describe three
example use cases for data collection involving citizens, one from
the Citizen-sensing toolkit and two from the QROWD project.

Fortunately, through careful design and implementation of the
service, citizens can be motivated to alleviate both issues. For
example, mapping parties are gatherings where people meet
to socialise while performing an useful mapping task.3

3
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https://wiki.openstreetmap.org/wiki/Mapping_parties

4

https://www.nantesmetropole.fr/actualite/l-actualite-thematique/participez-a-une-carto-partie-sur-les-noms-de-rue-tourisme-95321.kjsp

5

https://www.nantesmetropole.fr/actualite/l-actualite-thematique/participez-a-une-carto-partie-sur-les-noms-de-rue-tourisme-95321.kjsp

6

https://wiki.openstreetmap.org/wiki/Nantes/Evenements/Cartopartie_V%C3%A9lo_19_Septembre_2015

7

https://friendsoftheearth.uk/clean-air/clean-air-campaign-order-clean-air-kit

8

http://making-sense.eu/wp-content/uploads/2018/01/Citizen-Sensing-A-Toolkit.pdf
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IMPLEMENTATION

Case Study 6: Gamma Radiation Citizen Sensing
in The Netherlands
In the Netherlands, there are 150 official measuring stations
for measuring Gamma radiation. Despite this coverage, it has
been established that they are not sufficient to provide enough
measurements in the case of a nuclear fallout, hindering
government’s capacity to react effectively. To leverage sensing
in people’s PCs and devices, software was developed to estimate
gamma radiation from them, enabling the establishment of
a network of sensors in the event of a nuclear accident to
complement official measurement stations, made available through
the gammasense.org website. 100 people participated in a pilot that
ran in Bergen op Zoom, Maastricht, and Eindhoven during 2017.

Case Study 7: Automated Travel Surveys
With the EU Climate Strategies and Targets set for lowering carbon
emissions as much as possible, eco-friendly mobility policies and
services become a necessity. The first step towards effective design
of such policies is a clear understanding of what percentage of
citizens use which transport modes to move inside and around the
city. Traditionally, this is estimated with paper or telephone assisted
travel surveys, where citizens report their trips and transport
means. Unfortunately, due to their high cost, they can only be
applied very seldom, hindering their primary purpose as support
for driving mobility policies.
Using a smartphone application similar to a movement tracker, it
is possible to collect data from which the transport mode can be
automatically inferred, reducing cost and the number of collection
errors due to lack of recall when filling a weekly paper diary.
For those cases where the machine does not have enough
confidence on its prediction, a question can be asked through the
smartphone to confirm the right mode, serving also as feedback
channel. Citizens are incentivized to use the app by a sense of
altruism to help the council meet the carbon emission targets,
but also by getting rewards that can also be managed through the
smartphone, for example, points can be awarded according to
the amount of data contributed and then number of answered
questions, that can then be redeemed by material items like small
gadgets, public transport passes or vouchers.

Figure 7: Waag's GammaSense estimates radiation from webcam
data when covered from light. Credit: Waag Society.

A general framework for automated travel surveys is described in
Prelipcean et al, (2018), that has been adapted and implemented
by several European cities and regions, like Tuscany through the
Sii-Mobility project9, the Austrian regions of Vienna, Styria, and
Carinthia with the SmartSurvey suite10, and the city of Trento,
through the QROWD project. The figure opposite shows a
screenshot of the application developed in the QROWD project.
On the left, the app runs on the background signalling that is
collecting data, and showing that there are new questions to be
answered. On the right is an example of a question to confirm
the starting point of a trip when the machine fails to infer it.

Figure 8: Example of QROWD data collection application running
on the background of a smartphone (left), and question to collect
transport mode (right).
Case Study 8: Citizen Reporting in Trento
Citizen reporting of a wealth of typical city problems such as
flytipping, abandoned vehicles, graffiti, noise pollution, flooding,
illegal parking and a host more has become part of many cities
digital services. This is provided by services such as 311, SeeClickFix,
Fix My Street, Fiks Gata Mi or their equivalents around the world.
However, citizen reporting can also be used to gather more pleasant
information on cities.
In the city of Trento, the catalogue of bike racks is incomplete due
to the cost of utilising municipal employees to monitor these. The
QROWD project implemented a “Virtual City Explorer” on top of
Google Street View. Explorers can stroll through the city looking for
bike racks, while reporting their coordinates with a simple pointand-click interface. Explorers are recruited through social media
channels or through the website of the municipality. The point-andclick interface is a vital part of these. The makers of an app to enable
more efficient reporting of dog mess in streets in San Francisco
critiqued the 311 version as adding too much friction while the user
was in an unpleasant place.
Key Takeaway: Citizens can play an important role in collecting
dynamic, difficult to access or judgement-dependent data, so it is
vital to facilitate their contributions without requiring excessive
effort on their part.

9

http://info.sii-mobility.org/
https://www.ait.ac.at/en/solutions/sensing-travel-behavior/smart-survey/
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Data Verification
Once data is collected, either by sensors or by people,
an important step is to ensure its quality before being
subject to analysis. For sensor data, in particular,
automated approaches exist that can determine
if a sensor is faulty or to reduce the influence of
noise (additional meaningless information). For
sensors that do not take enough measurements to
apply the statistical methods required to recognize
meaningless data, a different method is necessitated.
If a citizen (or a group of them) is engaged to be in
charge of a sensor, they could keep a data journal that
provides human annotations about the conditions
on which the measurement was taken: was it cloudy?
particularly cold? did the sensor make a strange
noise or was overheated? All this information may
be helpful for determining if measures are valid.

Case Study 9: Verification of Reports on Campus
in Singapore
The Singapore Management University deployed an app called
Tasker to engage students in periodically reporting the state of
campus infrastructure, with questions such as, How long is the
queue for the restaurant?, or Does the rubbish bin on level 2 need
emptying? Contrary to the applications described in case study
8, where citizens report “when they see it”, here students are
incentivized to go report periodically, either by picking a task from
a list, or letting an algorithm decide to propose a task for them
based on their location. However, whenever a report is made, it is
desirable to verify it by proposing the same task to several students,
to exclude the possibility of error or cheating. Normally, 3 to 5
“agreeing” independent reports are enough to consider the
answer as true.

Case Study 10: Data Verification in Travel Surveys of Trento
Data in the automated travel survey application described in case
study 7 is collected with the aim of automatically filling the travel
survey as completely as possible. However, sometimes the received
data has gaps that are hard to explain for a machine, or even a
human analyst looking at the data: did the participant leave his
phone at home? Was she in an area with bad network coverage? Did
she experience battery failure? Did he turn off the app because he
wanted to preserve the privacy of a particular trip? QROWD’s travel
survey includes an interface to ask verification questions whenever
something out of the norm is detected. Furthermore, on some
occasions, when the machine is not able to provide an answer with
high confidence, the citizen is asked to verify the correct answer.
Key Takeaway: Engaging citizens in data verification can improve
both IoT and citizen-generated data .

When the citizen is the sensor the situation is more
complex, as human errors are harder to discover. One
solution is to group citizens to make their observations
together, reducing the chance of error. Mapping
parties, described in the data collection section, are
a good way of implementing this. For measurements
that are more serendipitous in nature, such as ad hoc
reporting of problems, one possibility is posting new
findings somewhere central, so engaged citizens can
verify it at their convenience, of if budget permits,
incentivising verification by rewarding the first
citizen(s) to confirm the information.

Figure 9: Interface of the SMU Tasker. On the left, task board from
which students can select tasks. On the right, a single task asking
to estimate the length of a queue, to be performed between
12 and 3pm, for a 1$ reward. Credit: Singapore Management
University.
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Figure 10: Interface for verifying that a trip took place (left) and
to edit stop points (right) in the QROWD project.
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Data Analysis
Once data is collected and verified, the next phase
is to analyse it, often alongside other data sets.
For example, in the GammaSense case study 6,
data collected from citizens' devices is integrated
with data from official measurement stations to
determine if an alert should be raised. Data can
also be input to machine learning processes. In
the automated travel survey use case described
in case study 7, data collected from citizens is input
to a learning algorithm that infers the transport
modes taken.
Traditionally, citizens are involved in this step via
hackathons. Hackathons are derived from the
collaborative development practices of the open
source software community. They aim to discover
new insights and ideas from data, and commonly take
place over 24 - 48 hour periods in a set location. This
time and effort commitment creates a cost of entry
requirement that excludes many, and technological
barriers such as the possession of certain skills and
often, possession of a laptop, mean that the same set of
civic tech-minded participants is frequently involved.
A way of running the same idea that reaches a wider
range of citizens - and also provides opportunities to
ask more questions of the data is to position hacks as
part of a suite of data interrogations.

Case Study 11: Deep Dives, Community Introductions
and Hacks in Bath
The BreATHe project is a clean air analysis project run by
Bath:Hacked. The data consists of around 4 million observations
of roughly 400,000 vehicles captured by automatic number plate
recognition (ANPR) cameras at 67 distinct sites around the city
during a two week period.
The first public engagement between citizens and the data took the
form of a Deep Dive, where the data were presented to attendees,
followed by a discussion alongside some technical exploration11.
The ideas that emerged were loosely arranged into three groups:
technical questions about the data (which was uninformative
about the reason for vehicles stopping - had they left the city?
Parked within the city for the night?), ideas to work on further,
and “some off point”.
The next event was a ‘Community Introduction’, which presented
the project to citizens whose technical knowledge was less.12
The audience was anticipated to be those interested in traffic
and air pollution, those with both questions and insight into the
problem and those who might have an idea to address it, but no
idea where to start.
Finally, the Hack itself brought together a group of residents,
including members of local community groups, university staff and
the local technical community to explore the data13. The outputs
were 8 discrete projects, addressing the relationship between
traffic and air pollution from a number of directions, including
visualisations, profiling and creating quizzes and games.

Citizens can also be integrated in the analysis phase in an online
fashion, which is particularly useful when the analysis is on their
personal data. In case study 10 we described how verification
can take place on personal data. A further way of integrating
citizens in the analysis phase is through games with a purpose
(GWAP). In a general sense, a GWAP is a game that outsources
steps within a computational process to humans in an entertaining
way. GWAPs have been successfully used by research communities
to access valuable input for tasks that are hard for machines.
GWAPs have been used in the context of research projects,
helping verifying tasks.
The Zooniverse14 platform hosts several research projects
where volunteers can help, ranging from classification of images
of galaxies, transcription of Shakespearean era documents and
spotting differences between healthy and unhealthy brain scans.
GWAPs have also been used in the context of urban problems and
civic participation, promoting collective reflection and action, as
seen in the following example.
Case Study 12: Gamifying Urban Regeneration in Den Bosch
Constantinescu et al (2015) describe Rezone, a role-play game. This
was specifically designed for the Spoorzone neighborhood, west of
Den Bosch (Netherlands) central railway station was developed as
a tool to address urban issues. Using data from the urban landscape
of the city, players must keep the city safe from deterioration
and vacancy by saving real estate from decline. Players can play
different stakeholder roles, from real estate owner to engineer,
from decision-making representative to citizen. The system is
programmed to leave the city to decay, thus the challenge is in how
players find a collaborative way to defeat the system for the greater
good of the city rather than pursuing individual interest.
Key Takeaway: Thinking outside the “hackathon-box” to include
more citizens in data analysis initiatives increases the chance of
getting more meaningful feedback.

Figure 11: Sample of topics discussed in BreATHe.
Credit: Bath:Hacked.

https://www.bathhacked.org/breathe-hack-day/breathe-data-dive/
https://www.meetup.com/Bath-Hacked/events/254650494/
13
https://www.bathhacked.org/breathe-hack-day/breathe-hack-day-results-and-next-steps/
14
https://www.zooniverse.org/
11
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Data Visualisation
The last, but not least, step of the implementation of a service is the visualisation
of the results. Visualisation is crucial both for presenting the result of the service
to citizens and to enable data analysts on the council side to be better at their
jobs. The particularities of each service dictate the best way to visualise data and
information, and in our framework, we consider the visualisation sketching an
important part of the co-design phase. Yet again, visualisations developed for one
service can be fed back to the awareness and co-design phases of our framework.
In the context of smart cities, the most used visualisation tools are dashboards.
(Matheus et al, 2018) define dashboards as “Dashboards visualize a consolidated
set data for a certain purpose which enables users to see what is happening and
to initiate actions”, recognizing them as instruments to reduce information
asymmetry between citizens and council. Through dashboards, important
information scattered across open data portals and feeds around the web,
gather into a cohesive and understandable location. For the public, they serve as
a way to increase accountability, transparency, and even citizen engagement and
participation (Gordon & Manosevitch, 2011). For cities, they enable monitoring
and analysis for faster and more accurate decision-making.
Case study 13: Traffic dashboard in Rio de Janeiro (Matheus et al. 2018)
The Smart City of Rio de Janeiro and the social GPS smartphone traffic application
Waze (www.waze.com) partnered to combine open data from the Rio de Janeiro
City Hall and citizen-generated content collected through Waze. The integration
provided better insight of the traffic situation in the city, allowing both the city
and Waze to deliver a better service. Two dashboards were developed. The first
shows in real time, 24 h per day, 7 days per week, the location of traffic jams and
accidents on a giant screen located in the situational room of the traffic authority.
Dispatch operators glance at the screen to decide the best team to deploy for an
incident. The second dashboard presents the same data but specifically designed
for the public: ten screens were installed at the ten most congested junctions at
the entrance to downtown Rio, showing drivers the two fastest alternative routes
to town from the point of the junction, according to live data.
This use case also highlights the convenience of public and private players sharing
data and expertise for mutual benefit. However, there was no co-design phase for
deciding what would be displayed in the public dashboards. This leaves questions
over whether two is the right amount of alternative routes to show to assist
drivers, and whether drivers actually required further information, eg parking
ability, in order to make a decision as to which alternative to use.

FEEDBACK CHANNELS

Feedback loops are generally thought of as affecting the user - so for instance, displaying speed on a digital
display to a driver is effective in getting them to reduce speed, or smart meters in reducing energy use by
displaying energy consumption to users.
However, feedback channels in smart cities need to work by
influencing the government to be responsive to the use of services
and use the data on the use of services to influence improvement.
In Case Study 13 above, the Rio traffic authorities can check whether
drivers are indeed following suggested alternative routes, or
whether suggestions need tweaking.
Case Study 14: Garbage collection app in Vancouver
ReCollect is a waste app that began by using open data from
Vancouver City to publish garbage collection schedules online.
It was so successful it was taken up by Vancouver City and is now
used by hundreds of municipal authorities and private companies
in North America. It assists municipalities in communicating with
residents about solid waste and recycling schedules and helps
educate residents about new programmes via games and messages.
However, it also enables residents to communicate with the city
regarding a need for services (such as kerbside pick up for larger
items) and also to monitor the city’s services, such as missed or late
garbage collections via reporting. By monitoring the app, cities can
identify which areas in the city are most engaged with recycling,
which have the greatest problem with collection routes or even
which recycling facilities are required.

Figure 12: Feedback interface for missing garbage collections in
the VanCollect App. Credit: City of Vancouver.

The email and text reminders also enable awareness of the app to be
spread, as neighbours can remind others that it is garbage collection
day by forwarding the reminder.
Key Takeaway: When implementing feedback channels cities
need to consider what information will enable them to be informed
by, and act upon, the feedback, rather than simply create a further
workflow that will need to be addressed.

Key Takeaway: Dashboards are not only useful to authorities but also to citizens,
especially when available at appropriate times and locations.
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STRATEGIES FOR UTILISING
THE FRAMEWORK
The framework can be used by cities as a guide
to different paths through the cycle for different
scenarios, and also to interrogate issues along the
journey. For instance, if citizens are required to install
sensors, and uptake is less than anticipated, it may be
necessary to go back to the Awareness and Shaping
stages in order to rectify the situation.
Are citizens aware of the problem? Of the municipality’s approach
to fixing it? Is there some aspect of the design that is problematic,
or is less incentivising than imagined from the City Hall, Stadhuis or
Mairie? It is crucial that each step is used to engage citizens in a twoway relationship that empowers them to contribute to the smart
city in an informed way, rather that utilising them in the service of
technocracy that returns citizens to the passive role of data points.
Frequently, cities are already collecting data, or more often, having
the data collected on their behalf. Here, cities can enter the cycle
at the Verification or Analysis stage, perhaps using citizen data
checking or community introduction techniques to engage citizens
with the data sets. This opens the door to future engagement earlier
in the cycle.
A common concern of cities at an earlier stage of their smart city
journeys is that of trust. Do they have sufficient understanding
of the content and implications of their own data to expose it to
citizens? How might a problem at the co-creation stage affect
citizens’ trust in their city? How, in other words, can a city know
when the level of awareness is high enough to co-design? As an
iterative process, this cycle can be entered at any point, with citizen
engagement highlighting the city’s level of readiness. If the data
is problematic, this may be illustrated as citizens help collect and
verify. If citizens are insufficiently aware of a need or their role, this
will become clear to the city. This feedback is critically important,
rather than critical of the process itself.
Finally, it is vital to consider the governance and organization of
the process. As citizens become more integrated into the services
process, so must the components within the city authorities
themselves. Currently, the city owners of ‘data and information’ are
frequently separate from those owning smart city initiatives, who
are still more commonly separated from traditional town planning
functions. Following this framework may imply a more ‘joined up’
way of working for a city’s internal organization.
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