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Abstract—Good decisions require good understanding of the 
problem, the context and available options. This knowledge, in 
general, is dispersed through several, frequently unidentified, 
individuals. Collecting, filtering and putting together the relevant 
knowledge pieces to create solutions are difficult tasks. Many 
domains fit this scenario of distributed knowledge and creative 
solution’s needs including governmental decision-making. 
Democratic governments constantly need to make sense of 
population demands to properly make decisions that attend overall 
will. However, low citizens participation in government decisions 
through democratic processes is an aspect that defies democracy 
itself. Large-scale citizens participation is difficult for the lack of 
technology to collect, filter and synthesize information. To deal with 
this problem, we developed an intelligent mobile network that allows 
broad citizens’ participation and feasible government action. Previous 
research indicates cellular phones as the device with the broadest 
acceptance in all Brazilian social classes. Sending messages and 
voting by cell phones are broken barriers to consider the device as the 
natural input interface for citizen-government interaction. 
Additionally, message summarization and clusterization help 
government understand the demands. In this paper we present mGov, 
a system for eliciting and answering citizen demands in a 
participatory government structure. A prototype has been deployed 
with good results. 
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I.  INTRODUCTION 
Good decisions over complex or unknown situations often 

require knowledge spread through different individuals not 
necessarily identified. Finding solutions to global warming, 
violence in Rio or even effective technology to extract 
petroleum in ultra-deep waters are good examples for which 
knowledge is still unavailable in a structure and useful form.  
This is not a new research scenario, but certainly now is getting 
much researchers’ attention due to the increasingly open issues 
posed by modern society. An approach to deal with open 
problems is to develop argumentation tools to allow a large 
number of people to participate, discuss and contribute with 
creative suggestions. The key idea is to allow the appearance of 
new and unexpected ideas, given the problem has no known 
solution as in a creative design task. Eliciting solutions from a 

large number of people may lead to innovative options 
unthinkable by a smaller group of people. This notion is 
already adopted by proponents of participatory design, where 
people may participate in the design of public spaces.  

The idea of collective intelligence [15] to design new 
solutions creates new challenges, one of which is making sense 
of crowds: listening, understanding, interpreting, synthesizing, 
providing feedback and acting are some issues that must be 
addressed. Klein [13] proposed an argumentation network in 
which people share information and discuss over it. This 
approach only addresses the “collecting knowledge” issue. We 
are interested in approaching the entire problem of making 
sense of the crowd. Another approach has been proposed to 
address group decision making, involving the whole process, 
from idea generation to final decision, based on the Delphi 
method [5]. 

Participatory activities involve the creation of new 
participation channels between the organizers of the 
participatory process and the participants, creating forms of 
interaction between the two, such as referendums, opinion 
polls, negotiation of regulations, popular juries and focus 
groups, which in turn increase transparency and social 
participation [9][19]. 

Several issues make widespread participation hard: 
distance, location, lack of infrastructure, scheduling difficulties 
and political organization between cities are some of them. So 
the problem becomes enabling intense participation to support 
decisions through a participatory process. 

Information and communication technologies (ICTs) 
appear as a means to solve this problem. Its adoption 
strengthens the infrastructure and enables the creation of new 
communication channels. ICTs become important articulation 
points, as they provide information and services and enable 
participation. When well designed, this technology enables the 
creation of an environment where participatory activities may 
be fruitfully enacted. 

Involving the population in decisions is desirable, because 
it leads to an increase in confidence in the decision process, the 
construction of relationships based on trust, transparency and 
integrity, the identification of multiple interests and needs, and 



more efficient problem resolution [19]. This need has been 
noted in several countries, leading to new methods and 
technologies to enable this collaboration [23]. 

In order to study this problem, we used the domain of 
electronic democracy in which the government needs to 
understand citizens’ demands to improve government decision-
making process. However, we believe this approach is 
applicable in many other scenarios involving popular 
participation. 

Participation of the people in the decisions may be 
instantiated in three ways: direct, representative and 
participative [6]. In direct decision making, citizens make 
decisions; in representative decision making, decisions are 
made by representatives selected by the people and the 
participative mode is characterized by the coexistence of both 
direct and representative mechanisms. 

We have been investigating ways of gathering information 
from the population in the context of participatory budgeting, 
an initiative of the Brazilian government. In this context, the 
government sets a certain percentage of its budget to demands 
provided by the citizens. 

This paper is organized as follows: in the next section, we 
briefly outline participatory budgeting, our chosen application 
domain for this research. Then, we describe mGov, and agent 
to support decision makers in participatory decision making. 
We finalize with a presentation of our experiment and a brief 
discussion.  

II. PARTICIPATORY BUDGETING IN BRAZIL 
Engaging the population has benefits, such as an increase in 

trust in the decision processes; transparency and accountability; 
identification of multiple interests, needs and concerns of the 
population and a more efficient problem resolution process. 
Rowe and Frewer [19] present several forms of participation in 
decision support. In Brazil, one of the best known examples of 
public participation, which has been gaining importance, is 
participatory budgeting [4] [20]. 

Participatory budgeting (PB) is a process that stands in 
between participatory and representative decision making. PB 
was introduced in 1989, in Porto Alegre. In a nutshell, a city is 
divided into regions, and each one hosts a round of discussion 
between citizens and state representatives, where problems, 
demands and proposals are made for the following years’ 
budget distribution. After some time, other cities developed 
their own variations of PB, based on this original concept, and 
maintaining as the core activity the discussion of the 
population’s  needs and demands [3][16]. 

A PB process is an open forum, where anyone may 
participate. It has rules and may include local or regional 
Popular Assemblies or Plenary Meetings. PB is always related 
to a specific theme. Almost all variations allow any participant 
to express him or herself and include a hierarchical 
organization of priorities, where the community elects, within a 
theme, its priorities. 

In 2006, Belo Horizonte, one of the largest Brazilian cities, 
implemented its PB process in a web-based environment, 

hoping to increase quality and participation, and named it 
Digital Participatory Budgeting (DPB.) The same criteria 
applied to regular PB and to DPB. This was the first successful 
transition of PB to a digital medium in the country. To succeed, 
however, the city had to invest heavily in advertisements and in 
technological infrastructure to ensure that citizens from all 
social classes had access to computers and the internet and 
increase popular participation. 

In terms of participation, in 2006, Porto Alegre saw a 
participation of 11.536 citizens, and participation peaked at 
17.241 in 2002 [7]. Given that the number of registered voters 
is 1.040.572 [22], we can see that only about 1% of the 
population participated. Belo Horizonte, after 20 million reais 
in investments [18], had 124.320 participants, out of a total of 
1.772.227 voters [21]. Given these observations, we felt that 
PB would be an appropriate domain for the application of our 
support system.  

As we expect an increase in participation and in the number 
of demands generated, the m-Participation model involves, 
assisting the government in the recognition and identification 
of demands, and in the posterior deliberation of projects and 
actions to address them. 

A. Contextual Setting 
Nogueira [17] identifies several problems inherent to e-

Government in the internet medium. The most important ones 
are: researching and filtering information from governmental 
sources is hard; information and services are dispersed through 
several sites; lack of governmental service and content 
standardization; insufficient means for citizens to express their 
opinions and “digital exclusion”, as a large part of the 
population has difficulty accessing ICTs and, therefore, of 
participating (this is especially true in third world countries.)  

To reinforce the previous statement, we can cite recent 
Brazilian survey data [12], which indicated that about 41 
million Brazilians have access to the Internet (about 21,5% of 
the population) or the Brazilian census and statistics institute 
[10], which show the presence of the internet in only 23% of 
Brazilian homes. However, according to data from the 
Brazilian telecommunications agency [2], the total number of 
cell phones in Brazil in January 2009 was 151 million phones, 
in a population of 190 million people according to the last 
census [11]. Studies from the mobile citizenship forum show 
that a large part of resources available on mobile phones are 
easy to use, and that the average number of Short Message 
System (SMS) text messages sent is around 900 million per 
year [14]. For instance, the reality show “Big Brother Brazil” 
received between 10 and 12 million SMS votes via SMS 
messages, which indicates that the average Brazilian citizen is 
familiar with this system. 

In this scenario, the goals of our research are to investigate 
and evaluate the efficiency of cell phones as a means to 
increase participation in decision making, given that the 
aforementioned media are hard to access. This also means that 
appropriate systems must be designed to support interaction in 
this new medium. 



III. MGOV: AN AGENT BASED MODEL FOR PARTICIPATORY 
GOVERNMENT 

Participatory budgeting, as adopted in Brazil and many 
other countries, involves setting a percentage of the budget to 
demands generated directly by the population [3]. In 
participatory budgeting dynamics, meetings are held 
periodically at the city, state and country levels. Any citizen 
may participate in these decisions, but the entrance barrier is 
high, as they have to physically go to meetings and, once there, 
try to get their ideas across. 

Some offices of the government have created websites with 
voting systems to try to reach a larger part of the population. 
However, in these voting schemes it is up to the government to 
decide which questions and alternatives should be presented, 
which reduces the amount of information participants may 
provide. Additionally, a large part of the population does not 
have easy access to the internet, which greatly reduces their 
chances to participate. This is particularly true in Brazil, our 
focus country for this study. On the other hand, most of the 
population now carries cellular phones, making this an ideal 
platform for communication. With the mGov initiative, we 
sought to allow the population at large to send in demands, 

giving them a direct channel to decision-makers, through the 
adoption of cellular technology. 

mGov is an agent to support the acquisition of knowledge 
from the population. The process supported can be split into 
three phases: 

• demand emergence: at this stage, the agent has to 
receive, interpret, cluster and categorize demands 
sent by the population; 

• elaboration of alternatives: decision-makers 
interpret the demands received and generate 
alternative solutions; 

• selection of alternatives: solutions are sent back to 
the population, who selects the desired options. 

This process involves population, decision-makers and an 
automated agent that helps by pre-processing demands so that 
they become manageable for decision-makers. By sending 
alternatives back to the population, the cycle is completed, as 
choices are then made in a participatory fashion. In this way, 
participants not only generate demands, they also prioritize and 
choose the best solutions. The process is shown in Figure 1. 

 

 
Figure 1: mGov Architecture 

 



Interface: Establishes the interaction with the citizen and 
the proposed agent. This module is responsible for capturing 
the user data and demands, and sending them to the identifier. 
It should be noted that, because it runs in a mobile 
environment, it becomes necessary, when possible, to have pre-
set demands, to simplify citizen interaction. These will usually 
be limited to generic subjects and needs related to the theme 
under discussion. In a second stage, the interface receives a 
communication about the start of the voting period, which 
enables it to receive votes and send them to deliberation. 

Identifier: acts on the identification of demands coming 
from the interface. Verifies if each demand is a pre-set one and, 
case it is, sends it immediately to the demand classifier. If it 
isn’t, the demand is sent to the lexical processor. 

Lexical Processor: treats the demand text. Starts by 
substituting “mobile shorthand” expressions (shortening of 
words commonly used in the mobile environment) for their 
equivalent in natural language. After than, stopwords are 
removed [8], as they contain no additional information, and 
serve only a functional purpose. This leaves us with keywords. 
We then apply a stemming algorithm [1] to obtain the stem of 
each keyword, and move on to the next phase. 

Interpreter: in this phase, the main task is understanding 
natural language. To that end, we adopt a domain ontology that 
refers to the theme of the PB process. With the ontology, 
ambiguity problems are reduced, and the ontology works as a 
concept dictionary for the numerous demands sent in [24]. 
When this module receives the stems that refer to the demands 
sent in, it generates a set of characteristics, or words obtained 
through the ontology vocabulary. 

Demand Classifier: the demand classifier tries to recognize 
if a given demand (or a part of it) belongs to one or more 
previously defined classes. It categorizes and adds up demands 
according to characteristics obtained in the previous step to one 
of the existing classes. If there is no correlated category, a new 
one is created, associated to the closest abstract class and added 
to the classifier. After that, the demand is stored in the database 
and a feedback message is sent to the citizen thanking him or 
her for participating and informing that, as soon as project 
voting is available, a new message will be sent. After this step, 
classified demands and user profile information are sent to the 
profile segmentation module and the prioritized demands (i.e., 
those most frequently mentioned in this aggregation stage) are 
sent to the government. 

Profile Segmentation: this stage is responsible for 
processing all the information gathered from crossing the data 
from the demand classifier with the citizen profile data, and is 
analyzed with data mining algorithms that may lead to the 
discovery of patterns and relations that would not be found 
through simple reading of a large number of demands. Results 
of this process are sent to the government. 

Government: receives the data about prioritized demands, 
as well as the information obtained through segmentation. The 
government analyzes this data, elaborating projects or actions 
that address the main demands raised by citizens. It then directs 
them to the deliberation. 

Project Deliberation: this phase receives all of the projects 
elaborated by the government and sends them to the citizens so 
that they can vote on them. It informs the citizens when the 
voting will start. Once the voting process is started, this module 
receives the votes and adds them up and, at the end of the 
process, sends results to the government, who becomes 
responsible for execution of the selected ones. 

Voting: choosing between the previously elaborated 
alternatives. 

The mGov architecture was designed to support knowledge 
acquisition and decision making in collectively designed 
projects. It combines artificial intelligence methods with 
decision making techniques to enable a dialogue between 
decision-makers and participants. The physical architecture can 
be seen in Figure 3. 

 

 

Figure 3: Physical architecture  
 

The user sends information through a Java app on the cell 
phone, which is sent either by SMS or WAP, to the OPMobile 
back end application. This is where demand processing 
happens, and the process described above is enacted 

IV. EVALUATION AND DISCUSSION 
A system was built following the architecture described 

above. In this system, demands were sent via SMS, and an 
experiment was run against a website configuration, where the 
population could access a page to send in their demands and, 
later on, vote on alternatives. The mGov user interface (for 
mobile devices) can be seen in Figure 2. Through this interface, 
the user could type their demands as free text, or select some of 
the pre-defined demands. 

The system was implemented in a university setting with 
200 participants for the mobile configuration and 600 
participants for the web configuration, including students, 
professors and staff. The theme under discussion was the 
application of university resources to the university restaurant, 
in order to improve its services. This was a real issue, under 
discussion by the dean of the university at the time of the 
experiment, and is an example of participatory budgeting. 

 

Demand 



 
Figure 2: mGov user interface 

 

The experiment lasted about 2 weeks, and we surveyed 
participants at the end. About 15% of volunteers who used the 
web version got to the end of the process, versus 85% of those 
using the mobile version. In the survey, we asked participants 
whether they felt heard by the government, and the majority of 
respondents felt they had been heard even when the options 
presented for voting were not exactly the ones they had 
submitted. Numbers show an increase of adoption when using 
a different medium, as we had expected, and the 
summarization phase seems to have worked properly, as we 
asked participants whether the demands they sent were 
represented by the alternatives generated by the system and 
71% felt that they did. Additionally, about 95% of participants 
stated they would recommend participation in participatory 
decisions processes by cell phone to their friends. 

An additional observation was that 81% chose to send in 
their demands via the pre-set options instead of writing them 
in, and 68% of participants stated they would not have 
participated in a process if they had to go to a physical meeting 
place. 96% declared they were satisfied with the final result 
and 86% agreed with the selected demands. Further, 71% felt 
their suggestions helped improve the university restaurant. 

The increase in adoption generated an increase in demands 
sent to decision makers, which, in turn, generated a need for 
effective methods to cluster and summarize these demands. It 
is unlikely that decision makers would be able to cope with the 
large number and diversity of incoming messages without 
automated assistance. We consider this experiment was a great 
success and provides a solid first step for future work. 

However, the observation that 81% of participants chose to 
contribute through predefined options shows that typing on the 
cell phone is still something users would rather avoid and 
raises the issue of the definition of initial (predefined) options. 
If an improper set of demands is provided, it may bias 
participant choice, or lead to incorrect selection. This means 

initial options must be carefully designed to represent all 
possible options, or not at all. More research is needed in this 
front. We will be experimenting with a “no-presets” setting, 
where there are no predefined options, only free text entry, to 
see how it affects adoption and what types of demands would 
be generated. Another possibility would be to use the 
automatically generated clusters as options, so that the user 
may see what demands have been sent in and add only if his or 
hers is effectively a new suggestion. 

We plan on applying this model to other situations, such as 
actual design, where more options are possible, criteria and 
tradeoffs need to be explored and more complex decision 
making is necessary. We would also like to investigate ways to 
involve the population in the elaboration of alternatives and 
solutions, so that they better represent the real population 
needs. 

As problems become more complex, this is direction of 
research becomes more important. It enables the population at 
large (who use the services) to voice their opinions and define 
how these services should be. This method can also be used to 
harness collective intelligence, capturing ideas and alternative 
solutions to the complex problems organizations and societies 
must face on a regular basis. We expect that, by adopting this 
technology, new insights will be generated, and solutions may 
be found to these problems.  
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