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Abstract 

Crowdsourcing allows one to collect in-
formation from a large number of citizens 
relatively easily, thereby creating an op-
portunity to provide a novel technological 
means to view and imagine the city, 
complementing conventional geo-
visualization and urban simulation games.  
We postulate that the inflexibility of ex-
isting crowdsourcing frameworks can 
impose inherent limitations in terms of 
the imaginability of the city, and propose 
citizensourcing, which augments 
crowdsourcing with the mechanisms for 
supporting exploration and active partici-
pation in order to address the limitations. 
We then describe our experiences with 
the smartphone-based prototypes of the 
mechanisms, and discuss their implica-
tions for the design of citizensourcing en-
vironments.  
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1. Introduction 

Visualization and interaction technologies 
provide citizens with powerful means to 
view the world around them in ways that 
are impossible with naked eyes. Moreo-
ver, they can enhance people’s ability to 
imagine what cannot be seen, including 
possible future scenarios, about cities and 
public spaces.  

Physical and digital maps, for example, 
provide a means to grasp spatial patterns 

at different scales, and GIS (Geographic 
Information Systems) exploit various in-
formation processing and visualization 
methods to keep track of events, activities, 
and things along with their locations. 
Moreover, urban simulation games have 
been used in urban planning contexts [11]. 
For example, the EDC system [1] allows 
stakeholders to interact with a simulation 
environment on a digital map using a tan-
gible user interface, thereby allowing for 
experimentation with decisions and nego-
tiations.  

In recent years, crowdsourcing 
emerged as a powerful means to collect 
and analyze urban data, as it allows one 
to organize micro and macro labor of a 
large crowd of citizens relatively easily. 
Crowdsourcers can ask crowdworkers to 
collect and analyze information about ur-
ban and public spaces on demand, how-
ever, the task requests have to be pre-
scribed with rigid instructions. This 
makes many of the existing 
crowdsourcing frameworks inherently 
inflexible, which makes it extremely dif-
ficult to explore and discover novel, pos-
sibly imagination-enhancing information.  

This paper proposes an approach called 
citizensourcing. We focus on this ap-
proach to address the inherent inflexibil-
ity of crowdsourcing and develop a novel 
crowd-powered mechanism for viewing 
and imagining urban and public spaces.  
Citizensourcing can be considered as a 
public space-centric collaboration space 
for crowds, which augments 
crowdsourcing with the mechanisms for 
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supporting awareness, active participation, 
exploration, and end-user development. 
We also discuss the design of citizen-
sourcing environments based on our ex-
periences with three smartphone-based 
prototype tools.  

2. Crowdsourcing 

Crowdsourcing is a means of organizing 
and coordinating the labor of individual 
human beings, and often exploits infor-
mation communication technologies to 
contact individuals, offer them things to 
do and collect the results of their work.  

Crowdsourcing has various ramifica-
tions in the ways people use spatial data 
and relevant social practices [4], and re-
searchers have discussed its potential in 
mobile, pervasive and urban environ-
ments [12][20]. Creek Watch, for exam-
ple, allows citizens to collect useful envi-
ronmental information related to water 
and trash management using smartphones 
[6]. Common Sense Community supports 
local community members to collect and 
make sense of air quality data [17]. Wil-
lett et al. discuss strategies for improving 
crowdsourced data analysis as well [18].   

Crowdsourcing is often used for simple, 
independent tasks. Workflow-based ap-
proaches can be used to handle more 
complex tasks [7][10]. However, existing 
crowdsourcing frameworks assume static 
and inflexible workflows, which makes it 
difficult to support exploratory data col-
lection and analysis. This limitation could 
trivialize the impact of crowdsourcing 
technologies in urban spaces since many 
of the real-world, societal problems in a 
city can be considered ill-structured, 
‘wicked’ problems [14] that one cannot 
simply “first understand, then solve.” 
Coping with such problems can require a 
more open-ended, exploratory data col-
lection and analysis environment based 
on situated actions [15], which considers 
different perspectives of participants and 

supports continuous and opportunistic 
processes. 

 Without a systematic support mecha-
nism for exploration and collaboration, 
crowdsourced information could only be 
useful for reinforcing preconceived un-
derstanding or ideas. This significantly 
limits the potential of crowdsourcing to 
discover innovative solutions in a collec-
tive manner. 

3. Citizensourcing 

To make crowdsourcing more useful as a 
novel social information environment for 
urban and public spaces, we consider the 
difference of globally distributed work-
flows and locally relevant workspaces. 
Micro-tasking crowdsourcing services 
such as Mechanical Turk [13] support 
workflows to coordinate distributed 
workers who are located somewhere in 
the world. As citizens often focus their 
attention on their local environments, we 
propose citizensourcing, an approach to 
supporting locally-relevant crowd-
sourcing based on communities of prac-
tice [16].  

Citizensourcing can support awareness, 
communication, coordination, exploration 
and reflection in different ways from 
globally distributed crowdsourcing. Some 
workers may be connected from afar, but 
it is inseparable from the local concerns 
of a public space.     

Table 1 describes citizensourcing 
based on the three components for sup-
porting crowdsourcing practice: engage-
ment, imagination, and alignment. Firstly, 
engagement of crowdworkers can be sup-
ported by communication facilities such 
as online forums. In citizensourcing, it 
can be supported by location-based in situ  
awareness tools and geo-tagged reposito-
ries of community-relevant information. 
Secondly, imagination of crowdworkers 
refers to the process to encompass and 
deal with a broader context, and it can be 
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supported by in situ exploration and re-
flection tools such as mobile visualization 
interface. Finally, alignment of 
crowdworkers concerns common focus 
and coordination. Task instructions can 
create common focus in crowdsourcing, 
whereas in situ communication and 
awareness tools can be used to support 
alignment in citizensourcing.  

 
 Crowdsourcing Citizensourcing 
Support for 
Engagement 

- Online forum - In situ aware-
ness tool 
- Repositories 
of community 
relevant infor-
mation 

Support for 
Imagination 

(No direct sup-
port) 

- In situ explo-
ration tool 
- In situ reflec-
tion tool 

Support for 
Alignment 

- Task instruc-
tion 

- in situ com-
munication tool 
- in situ aware-
ness tool 

 
Table 1: Components for supporting 
crowdsourcing practices. 
 

Additionally, citizensourcing features 
open participation to encourage anyone to 
be a crowdsourcer as well as a 
crowdworker. Therefore, crowdsourcing-
relevant tools need to be usable and use-
ful for diverse people, and end-user de-
velopable tools could be an important 
role in this context.  

It is also important to find the right 
crowdworkders. Mechanisms for finding 
the right crowdworkers may need to con-
sider not only their current location but 
also their trajectories.  

4. Prototypes and experiences  

We now describe our experiences with 
the smartphone-based prototypes of the 
mechanisms for supporting citizensourc-
ing. 
 

4.1. Exploratory data collection and 
visualization 

We have developed and tested a mobile 
phone-based exploratory data collection 
and visualization environment for citizens, 
which uses dynamically shared tags to 
provide social cues and scaffold partici-
pants (see Fig. 1) [8]. Research shows 
that a tag-based exploratory system ena-
bles rapid exploration, and possibly pro-
vides a kind of scaffolding for learning in 
Web search [2][5]. We have extended and 
integrated such tag-based approach in a 
mobile data collection environment for 
citizens to support exploration in physical 
and digital spaces.  

As shown in Fig. 1, users can take pic-
tures and add tags to the pictures easily 
on a smartphone or a tablet PC.  

The system supports three types of tag 
sharing, which allows for flexible integra-
tion of the system into the sociotechnical 
setting of the overall information gather-
ing procedure: 
(1) Users exploit a fixed set of tags that 

someone (e.g., a domain expert) pre-
pares in advance. 

(2) Users can create, modify and delete 
tags in situ, and use them personally. 

(3) Users can create, modify and delete 
tags in situ, and share them with other 
users.  

Users can share the collected photos 
and tags on a large touch-screen device 
immediately, as shown in Fig. 2.  

Our experiment with this system has 
shown that the mechanism to create and 
share tags in situ provides social cues that 
affect exploratory data collection in dif-
ferent ways.  Participants used these so-
cial cues to work efficiently by avoiding 
redundancy, socialize and compete with 
other participants. Also, it seems that 
shared tags can support a type of discov-
ery and learning when it is embedded in a 
right kind of sociotechnical environment 
and collaboration context. This is in line 
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with what existing research shows about 
exploratory Web search [5].  

 

 
Fig. 1: A mobile phone-based exploratory data 
collection environment. 

 
Fig. 2: Interactive visualization of collected 
data.  
 
4.2. End-user development 

Given the diversity of citizen population 
and the complexity of their situations, it 
is highly desirable to support end-user 
development of data collection and visu-
alization tools.  

To understand the needs and explore 
the design space for end-user develop-

ment of citizensourcing tools, we have 
built a participatory congestion sensing 
tool using off-the-shelf smartphones and 
open-source hardware components [9]. 
As shown in Fig. 3, a CO2 sensor and a 
battery are integrated with a bag, which 
forwards the data to a smart phone via a 
ZigBee-Bluetooth gateway. The smart 
phone estimates the congestion level 
based on the CO2 sensor reading and up-
loads it to a server along with the current 
location information.  

 

Fig. 3: Participatory congestion sensing tool.  
 

The development process of an open 
hardware-based citizensourcing tool can 
be understood a bit differently from tradi-
tional context-aware applications. As 
shown in Table 2, the development pro-
cess can include Exploration (Step 2) as 
well as Setup (Step 3) to exploit hardware 
and data-source components, as well as 
the other steps that can be supported by 
existing software architectures (e.g., 
widget-based [3] or blackboard-based ar-
chitectures). 

 
4.3. Repository system for geo-tagged 

questions  

It is often difficult for a crowdsourcer to 
define the right information collection 
task. We have developed a repository sys-
tem that allows crowdsourcers to share 
and reuse geo-tagged questions, i.e., core 
definitions of information collection tasks. 
Fig. 4 shows the system’s user interfaces.  
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1. Speci-
fication 

Report congestion levels on trains 
using smart phones, sensors, and 
train-network data 

2. Explo-
ration 

Use sensors (CO2, acceleration, etc.) 
to capture data on a train. Also, record 
congestion levels on the train manual-
ly. Create a model to transform sensor 
readings into a congestion level. Addi-
tionally, identify train-network data and 
explore ways to exploit them.     

3. Setup Connect a CO2 sensor to a microcon-
troller and a wireless communication 
module, and integrate it with a physical 
object such as a bag.  

4. Acqui-
sition and 
delivery 

Write software on a smart phone to 
obtain data from the CO2 sensor, con-
vert it to a congestion level, and up-
load it to a server along with the cur-
rent location information. 

5. Recep-
tion and 
action 

Smart phone application receives data 
from the server and displays conges-
tion levels on a map along with the 
train-network information. 

 
Table 2: Steps for developing the congestion 
sensing tool.  
 

 
Fig. 4: User interfaces for creating/sharing 
geo-tagged questions (left) and answers (mid-
dle), and for displaying answers (right).  

5. Discussion 

Our experiences with the prototypes show 
that key mechanisms for supporting citi-
zensourcing can be implemented on 
smartphones. Citizens can participate in 
citizensourcing, using the mechanisms for 
supporting engagement, imagination, and 
alignment, while they are on the move. 

Awareness tools have multi-faceted ef-
fect as they provided means for socializa-
tion, coordination, discovery and learning, 
thereby supporting all components in Ta-

ble 1. The tools were designed for sup-
porting exploration; however, people ap-
propriated the tools and used them to 
make their experiences more engaging 
and to coordinate distributed work. The 
tools can be improved to support such 
usage explicitly. These findings, in par-
ticular, have significant implications for 
the design of novel crowd-powered 
mechanisms.  

End-user development of crowdsourc-
ing-related tools can be challenging when 
it involves hardware development. An 
interesting approach to address the chal-
lenge is to use crowdsourcing here as 
well (i.e., macrotasking to ask technology 
experts for help.) 

Overall, our experiences suggest that 
the novelty of citizensourcing lies in its 
ability to enable broader citizen participa-
tion and collection of locally-relevant in-
formation. 

6. Conclusion 

In this paper, we have proposed 
citizensourcing to create a novel crowd-
powered mechanism for viewing and im-
agining urban and public spaces. Our 
findings suggest the roles of exploration, 
engagement, and other factors in design-
ing novel crowd-powered mechanisms. 
Such mechanisms have the potential to 
influence the ways people experience ur-
ban spaces [19] as well. 
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