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Abstract 
 

Mobile phones and Interactive Voice Response (IVR) applications are being 
progressively used in developing countries to collect voice-based reports about 
bad governance or poor public service delivery, reported by citizens. Such 
systems (e.g. Avaaj Otalo, Foroba Blon, etc.) can give an opportunity to rural 
users in developing countries to easily influence and participate in public 
affairs. Despite the ongoing efforts on using such solutions, the lack of an 
efficient system of administration can cause delays in broadcasting the collected 
reports as quickly as possible, to reach the relevant authorities.  

This thesis presents the results of a real-world deployment of an 
administrative functionality for an IVR system called U-Call, used in the 
Northern districts of Uganda. U-Call Administrative Functionality (UCAF) 
interacts with the U-Call administrators through mobile phones and gives the 
moderator access to the registered users. It allows administrators to easily 
publish and tag audio reports over the Web using their mobile phones. It also 
uses a semantic tagging module to increase findability and information 

categorization on the U-Call’s website. 
After an initial validation and successful evaluation of UCAF in the field, 

during a trip to Uganda, additional features were incorporated, such as 
multiple authentication process and dynamic tagging. UCAF and its additional 
features was succefully delivered to the end user, as part of the  U-Call 
reporting system. 

 
Keywords: ICT4D, IVR, Semantic Tagging, VoIP Drupal, UCAF, U-Call.  
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1 Introduction 
This section presents an overview of the motivation behind this thesis, and 

its relation with the ICT4D project “People’s Voices“ [1].  This thesis was 
written as an extension of that project. Moreover it outlines the domain and 
goals of this study.  

There is substantial evidence that an efficient use of Information and 
Communication Technology (ICT) can support civic participation efforts, not 
only by simplifying bottom-up reporting approaches but also by supporting 
communication horizontally, among citizens [2]. In order to enable civic 
participation, the contributions of individuals need to reach a broad audience of 
peers, so that they get an opportunity to influence and participate in public 
affairs. On the other hand, reports specifically on public service issues, need to 
reach the accountable bodies as fast as possible to have efficient impact on 
responsible authorities and organizations. At the same time, information about 
such issues should be disseminated effectively to other citizens in order to 
enable public engagement, which may facilitate changes [3].  

Despite ongoing efforts on collecting voice-based reports by citizens in the 
Northern districts of Uganda  [4] (see Section 1.1), responsible organizations 
can face a number of challenges in publicizing the collected reports in a timely 
manner.  

Given this context, this thesis seeks to address the limitations and 
administrative problems of an Interactive Voice Response (IVR) platform, in 
order to publish the collected reports widely. The work will encompass a 
prototype of such administrative functionality and its interaction with the 
already available platform called U-Call (see Section 1.1.1 for more information 
about the U-Call system). 

1.1 The “People’s Voices” Project 

The project on which our effort is based, is called “People’s Voices: 
Developing Cross Media Services to Promote Citizens Participation in Local 
Governance Activities” [5]. This project was partially funded by the Swedish 
Program for ICT in Developing Regions (SPIDER)[6] and was a collaboration 
between the Center for Learning and Knowledge Technologies (CeLeKT) [7] at 
Linnaeus University (LNU), and in turn part of a project conducted in 
cooperation with the Women of Uganda Network (WOUGNET) [8] , and 
Makerere University (MAK) [9] .  

In a research carried out in South Africa [10] it was pointed out that 
although some organizations have launched different initiatives to counter the 
digital disparities between urban and rural areas in South Africa, most of the 
attempts tended to introduce more and more ICT hardware in rural areas 
instead of looking for creative ways to expand ICT access. 

According to the report by SPIDER [11] up to now there are a few key 
projects in Northern Uganda  that use ICT towards empowerment of 
communities, helping them in demanding better health service delivery. A 
project run by Transparency International Uganda (TIU) [12] with the support 
of SPIDER is one of those projects. The project uses voice as a medium to 
deliver reports and information made by initial reporters via a phone call, to 
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the call center. The only ICT solution used and promoted in the TIU project is 
a toll free number utilized to get and record the reports. 

The main source of information is typically radio, especially because of 

relatively low literacy rates. So called “community talk shows” are a major 
source of information, where people can call in and report their concerns. Other 

“traditional” forms of media such as TV or newspapers play only a minor role, 
as does the Internet due to lack of connectivity and especially end devices. 

Mobile phones, even though not very widespread in rural areas, are used for 
communication as well as several other purposes such as financial transactions. 
The current modes of communication usually include direct communication 
with government agencies or similar, but except for face-to-face meetings 
collaboration does not take place. 

Another consideration is that the phones are generally owned and controlled 
by a few, typically more influential people, thus limiting access to certain 
groups (especially women) who usually do not have access to them [13]. 

A field research trip was conducted in the context of the “People’s Voices” 
project [4]. A research team consisting of two researchers and four master’s 
students from LNU traveled to Uganda , in the summer of 20121. The 
researchers used an ethnographic approach [14], which included open 
participant observation of daily activities, gathering field notes and making 
extensive recordings of activity sessions, especially of focus groups. This 
approach was valuable because of the vast differences in culture between the 

Ugandans and the researchers’ backgrounds and the potentially skewed image 
the team might have when envisioning a potential solution without having any 
actual first-hand information. 

With the support of several WOUGNET members researchers visited three 
parishes (a parish is an aggregation of several villages) in order to talk to 

groups of local “Voluntary Social Accountability Committee” (VSAC) members. 

The local VSACs carry citizen’s concerns to the responsible authorities. These 
members talked about various issues of public interest (mainly relating to the 
public service delivery and corruption) they had reported in the past (using the 
help of WOUGNET and their existing online reporting platform called 
Ushahidi) [15] . Additionally, researchers met with WOUGNET members and 
talked about their work experience and approaches when training and 
supporting the VSAC members and running their Ushahidi platform [4].  

Ushahidi is a crowdsourcing platform that collects and displays user-
submitted incident reports on the Web. This approach aims to enable civic 
participation by allowing a public listing of incidents, but requires Internet 
connection (Web access) and users with ICT skills in order to interact with the 
platform. Where people of the rural Uganda face low level of ICT skills and 
high level of illiteracy in their communities [16], [17]. WOUGNET is responsible 
for updating their Ushahidi platform, in order to raise the public awareness 
about the problems in rural area of the Northern districts. To update the 
Ushahidi platform with recent incidents, WOUGNET members need to travel 
to the regions and ask the VSACs about the problems facing in their 

                                      
1 The author of this thesis was also a member of LNU research group that travelled to Uganda 
in 2012, and one of the developers that designed the U-Call system prior to that research trip 
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communities. They then have to write all the reports (using pen and paper) 
and transport them to the nearest ICT center which has access to a computer, 
electricity and Internet connection. Subsequently a responsible person (an 
administrator) needs to convert all the paper-based reports to the soft copy to 
be able to publish them on the website. As it is obvious, the whole process of 
collecting reports and publishing is both costly and time consuming, as well as 
dependent on lots of different resources being available, such as computers, 
Internet connection, etc. On the other hand while the relevant tools often exist, 

there are issues with their usage such as a high cost of making calls (“airtime 

cost”), and the price of electricity for charging the phones. 
The findings of these workshops clearly showed that there is a lack of 

efficient use of the available ICT (mobile phones) when it comes to organizing 
efforts, reporting issues and disseminating information [18]. 

1.1.1 U-Call System 

During the period of fall 2012 and spring 2013, following the field research trip, 
the collected data from the field research was transcribed and analyzed by the 

team of four master’s students working on the People's Voices project. Based 
on the analysis of the collected data and continuous online meetings with the 
partners in Uganda, functional and non-functional requirements were identified. 
The team of the students envisioned two separate areas that a potential 
solution should tackle: a) the aspect of initially reporting service delivery issues 
and providing a structure for simplified reporting and communication on these 

issues “Data Collection”, and b) the dissemination of information, where for 
instance people can have access to reported cases and information through 
different channels. 

As a result of the “People’s Voices” project, an IVR platform -named “U-
Call”- was implemented based on Voip Drupal [19] . The U-Call system allows 
people to make a free call to report problems in their neighborhood or to listen 
to reported problems which have already been reported, using low generation 
mobile phones. People wanting to use the system simply need to make a call to 

the system, and the system will then record the user’s number and hang up the 
call to eliminate the air time cost. The system then calls the reporting user 
back, meaning the user does not pay for the call to make or obtain a report. By 
answering the returned call, the user has access to the voice menu, allowing 
them to interact with the system. 

1.2 Problems and Limitations 
U-Call system is operating in both collecting voice-based reports and 
disseminating them [4], but there are still some challenges which need to be 
taken in consideration.  

From WOUGNET’s perspective as a main stakeholder, reports provided by 
people need to be presented in a Web interface which can be viewed by anyone 
who has access to the Internet. Currently the U-Call reporting system needs a 
system administrator to listen to and verify the stored and unpublished audio-
based  reports, before publicizing them. This control helps WOUGNET 
eliminate those reports which are invalid or inappropriate, and keeps them from 
being broadcast.  
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During spring 2013, we conducted several online meetings with WOUGNET 
members, where we found a number of problems which our solution should be 
able to tackle. These main identified problems are: 

 
1. Most of the time, WOUGNET members do not have access to a computer, 

smartphone or Internet connection; specially while they are in the field. 
Therefore reports stay in the system as unverified, until one of the 
administrators (WOUGNET staff) verifies and publishes them. 
 

2. With the increasing amount of reports on the website, user access to the 
information will be more complex. Difficulties in finding similar reports 
around a topic or creating a connection between the reports from different 
topics, are some such difficulties to mention as causing the complexity. Also 
the website does not have an apt method to classify, filter or recommend 
reports to the people who are interested in specific reports on the website. 

1.3 Research Aims and Objectives 
The outcomes of the thesis are modules that give administrative access to the 
WOUGNET members who use the U-Call system, as well as adding a semantic 

tagging feature to the U-Call’s website. Considering the situation in the regions 
in Northern Uganda with low Internet connectivity and other limitations, our 
research question can be summed up as: 
 

“What kind of administrative functionality can be added to an Interactive 
Voice Response system to increase the moderation of user generated reports?” 

 
To answer our research question and taking into consideration the problems 

and limitations which we mentioned earlier, we identified the following goals 
and related criteria of this thesis: 

 Develop U-Call Administrative Functionality (UCAF), that provides 

accessibility to the unpublished reports for WOUGNET’s registered 

members (admins), using their mobile phones. Additionally such feature 
should allow them to listen, publish and tag the selected reports through 
their mobile phones without needing Internet access. 

 As a second goal, admins should be able to categorize and tag available 
reports on the U-Call system website, using semantic tagging methods 
which reduce the need for manual tagging. 

1.4 Outline 

The rest of this thesis is organized as follows:  
Section 2 presents the literature review on similar projects and the  

technologies related to this study. Section 3 describes the methodological 
approach that was followed in this thesis. In section 4 we present features and 
requirements including use cases which we designed prior to the 
implementation of the system prototype. Section 5 presents the main 
architecture of the system and its related components. Section 6 gives a 
detailed description of the implementation of the main features of the system. 
Section 7 describes the system test and the findings during the test phase. And 
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finally in section 8 our work is concluded and ongoing work is introduced based 
on the improved features after running the test phase.  



6 
 

2 Literature Review 
The current section presents the literature study of using ICT for Development. 
It also present some of the similar projects in the field of ICT4D as well as the 
technology research to developed semantic tagging module for UCAF. 

2.1 Literature Study 
During the past years several projects have been launched in developing 
countries, using ICT and voice-based services for information and knowledge 
sharing in remote rural areas. Here we review some of this projects and their 
administrative functionality, which is the scope of this thesis.  

RadioMarche [20] is a voice-based Market Information System (MIS) for 
forest production in the African Sahel that allows farmers to advertise their 
products on the radio. A contact person gathers product offerings from local 
farmers and enter these into the system using the Web interface, then verifies 
and publishes them. The text-to-speech technologies convert this information 
into a voice message, using locally recorded voices. By calling a local telephone 
number the generated audio can be played live in the radio. 

Tabale [21] is another voice-based project developed for local organizations 
in Mali to connect to its contact persons in the field. It allows the recording of 
messages using the Web interface or mobile phone, and it will automatically 
call all contacts to notify them by a voice message about the time and place of 
an event.  

Foroba Blon is a similar project to U-Call system, developed for rural areas 
in Mali. It is an IVR service to support free press and citizen journalism in 
developing countries [22] . Like U-Call it uses voice technologies to allow 
everyone to speak out and leave messages for the radios reporting from remote 
villages. Radio stations and other organizations can access these voice micro 
blogs through the Web interface or the mobile phone voice interface, after the 
administrator of the system verified the reports. 

All the mentioned projects target local people in remote areas to either 
collect data from them or give information to them. However, there are still 
problems with the content management and administrative actions on the 
collected information, when the responsible person does not have access to the 
Internet, and therefore has no access to the Web interface to publish the 
information publicly. All the mentioned projects in this field of study follow 
this assumption that the organizations or the authorities which should verify 
and publish the reports have basic access to the Internet even if they work in 
the remote areas themselves. WOUGNET field representatives who regularly 
travel to the remote areas of the Northern districts are just an example to 
stand against this assumption. Therefore our work takes a novel approach 
among the similar works and projects in this area of study. 

As the Web content increases, Semantic Web and Linked Data technologies 
can visualize a new version of the Web built upon the enriched social data and 

interlinked Web resources [23]. “Linked Data is a method to publish data on 

the Web and to interlink data between different data sources” [24] . A common 
way to create links between different documents is using keywords in 
Information Retrieval (IR) techniques. However, using user-generated keywords 
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has its own limitations such as failure to define relations between the terms and 
human reliability in decision making and linguistic phenomena [25].  

In addition to the concept of the Linked Data, creating semantic links 
between different documents (text, audio files, photos, etc.) based on their 
content, envisions the new generation of the current Web, as a Web of data 
[26], [27], [28]. Semantic Web tagging solutions utilize the auto-generated tags 
to enrich the Web content with accurate keywords and terms, to enable better 
search results [29].  

2.2 Technology Research 
There are few developed semantic tagging modules available for Drupal 
websites. Open Calais and eagle-i [30] are the most consistent ones. In the 
following we review the settings of the mentioned modules, which lead us to 
select and use the most apt one for this study.  

2.2.1 eagle-i  

The eagle-i is an ontology driven Web-based software that facilitates research 
resources using semantic Web technologies and Linked Data [31] . eagle-i 
creates an easy way to discover the available resources among different 
universities and provides an API to store and retrieve the resource description, 
using RDF de-facto. It creates a collection of Lucene/Solr [32] indexes file from 
the Web content  to enable the rich search functionality from the ontology.  

To enable eagle-i ontology on Drupal websites, the eagle-i Integration 
module is needed. After the relevant API is registered and activated, the 
content types (nodes) should be manually mapped to the module. This creates 
an XML file from the schema document which interacts with the eagle-i 
ontology. 

As mentioned before this module is developed to map academic resources, 
though considering its ontology-based architecture, it can be adapted to other 
domains. However according to eagle-i developers it has some significant 
problems which need to be taken into consideration; a) the module does not 
have a UI to map the nodes, and b) at this time the mapping of the data is 
specific and static which must be done in code (.xml). 

2.2.2 Open Calais 

Open Calais module is a Web service for the Drupal platform. The module 
connects automatically to the Open Calais Web service to create rich semantic 
metadata for the entries by using methods such as Natural Language 
Processing (NLP) and machine learning. The module can retrieve hidden 
information from text, such as events (sports, entertainment, etc.), entities 
(cities, people, etc.), facts (relationship between entities), etc. It also provides 
the Geomapping functionality to the vocabularies, using the provided latitude 
and longitude of the applicable terms. It offers a user friendly interface that 
maps the selected notes to different taxonomies and vocabularies. Open Calais 
presents rich social tags integration related to the content. It gives an easy 
access to its users and allows them to personalize vocabularies and terms based 
on their needs and interests.   
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Therefore, considering the limitations in available modules and their 
advantages and disadvantages, we selected Open Calais to convey the semantic 
tagging option to U-Call system.   
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3 Methodology 
For our study we first started with the literature review to summarize the 
extent to which and how the administrative system has been used in the 
context of ICT4D. This included technology research in semantic tagging. To 

identify and address the problems’ scope, we were focused on finding the similar 
studies. When the problems were identifies we planned to gather information 
using interviews to design our solution. In order to design the compatible 
prototype with U-Call system, we elaborated on the technical aspect of the 

solution. Using the collected results along the interviews and users’ needs, we 
designed and implemented UCAF. In the summer of 2013, after running the 
first phase of test in Sweden, the second phase of test and evaluation took place 
in Uganda, in order to validate the functionality of UCAF (see Section 7). The 
test phase included workshops and training sessions as well as non-directive 
interviews. Furthermore, we collected the results from the test phase to 
improve UCAF with new features. In the following sections we describe more 
about each part of our research methodology. 

3.1 Interview 
During the spring 2013 we conducted several online meetings with our partner 
WOUGNET, whose members regularly travel to the Northern districts. Online 
meetings included different types of interviews in order to determine the 
research objectives:  
 

1. Informal Conversational Interview: this type of interview “relies on the 

spontaneous generation of questions as the interview progresses” [14]. We 
asked the interviewee to describe their workflow. This included describing a) 
how they collect the reports, b) who publishes the report and how, c) how 
often they publish their reports, and d) what problems they face in order to 
publish a report on their reporting platform. We used the flexibility of this 
type of interview to pose more relevant questions as well as improvising 
them during our interview (e.g. how they find the similar reports related to 
the topic, location, date of incident, etc.). As a result of this interview we 
identified the problem domain and the existing situation as described in 
Section 1.2.  
 

2. Non-directive Interview: this type of interview is used “to explore an issue or 

topic in depth and questions are not, generally, pre-planned” [14]. We took 

advantage of this method of interview to determine users’ point of view 
during the design, redesign and test process, in order to have a sustainable 
solution. This method helped us to follow the iterative approach as 
described in the following section.  

3.2 Design and Evaluation: 
To design UCAF, we explored those solutions which could be compatible with 
the already existing system to be able to improve it. We identified its lack of 
administrative functionality and followed the user-centered approach suggested 
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by Oppermann [33]. He suggests an iterative design-evaluation-redesign 
approach. He explains that, the problem should be identified based on user-
centered perspective as listed below: 

 Identifying the problem; 

 Identifying the user characteristics related to the identified problem; 

 Identifying the ways to evolve user characteristic from the interaction; 

 Design the correct adaptive system, iteratively. 
 

To achieve our goal to develop UCAF, we organized our work in the following 
phases based on the aforementioned method: 

 Literature review:  

 Identifying users’ needs, current model of communication and 
technologies that WOUGNET  members are familiar with and are 
reliable to use in that region. 

 Technology research:  

 Finding a reliable technical framework which will help us develop 
UCAF. 

 Modeling:  

 Identifying requirements, user scenarios and limitations. 

 Design and implementation of the prototype:  

 Defining user privilege on access to the mobile Administrative 
Functionality;  

 Setting up the best and easiest semantic tagging system which is 
compatible with U-Call system. In addition, the following constraints 
should be followed; 

 Implementing languages are PHP and JavaScript which is being used 
to develop Drupal modules.  

 Evaluation and feasibility of the system: 

 The system should be understandable to end-users in Uganda. 

 The system should be available to its users through the existing 
technology.  

 
In the next section we describe more about the system requirements, modeling 
and user scenarios which lead us to develop UCAF.  
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4 System Overview 
In this section we will focus on involved users, use cases, requirements and 
features which are important aspects of the development process according to 
software development standards [34]. 

4.1 Overall Structure of UCAF  
UCAF consists of 3 main modules. The semantic tagging module, the user 
authentication module and the administrator module.  

The Open Calai [35] brings semantic tagging to the Web content of U-Call 
system. Open Calais sub-modules are grouped as a package which are relevant 
to its core module. The core package contains the Calais module which is 
responsible for Calais Web Service Integration, the Calais Web Service API 
module which allows any Drupal code to integrate with Calais using a simple 
API and RDF functionality (see Sections 6.1 and 6.2). 

The VoIP for Android module is responsible for controlling user 
authentication to give administrative permission to the registered user to have 
access to the audio files. And finally the Mobile Administrator module, handles 
the audio files through the voice menu (see Section 6.3). 

4.2 Features and Requirements  
To discover these requirements we first studied the ongoing efforts by 
WOUGNET. We held online meetings with active members of WOUGNET to 
discuss their workflow, field activities, and their requirements when they intend 
to publish a report on the Web. The outcomes of the study lead us to early 
identification of both functional and non-functional requirements.  

As mentioned in [36], a functional requirement refers to the interactions 
between the system and its environment and shows what it is supposed to 
achieve. Given this definition and following the mentioned methodology in 
section 2, we pursued the proposed adaptivity solution by Benyon [33] to meet 
the system requirements of UCAF. We encompassed the system requirements 

by: 

 Functional: to define the main functions of UCAF (see Table  4.1); 

 Nonfunctional: to show the visible features of the system such as 

usability and performance [37] (see Table  4.2). 
 

Table 4.1 - Functional Requirements 
Number Requirement 

1 System must be able to send the caller-ID to the server 
2 System must store the caller-ID in database 
3 System must check if caller-ID belongs to one of the admins 

4 
System must respond to the caller by making a call back and 
provide relevant interactive voice menu 

5 System must provide menu options based on user input  
6 System must provide proper tagging options 

7 
System must update the database to change the status of the report 
to be the published, and add the relevant tag(s) based on user input 



12 
 

 
 

Table 4.2 - Non-functional Requirements 
Number Requirement 

1 System should have a user friendly Web interface to register admin’s 
phone number 

2 
System should offer semantic tags and a relevant Web interface 
based on the Web inputs  

3 System should make a call back in less than 20 seconds  

4 
System should provide relevant messages in response to user inputs, 
for both successful and unsuccessful attempts 

5 
System should be accessible over existing technology and devices, 
such as basic mobile phones 

6 System should be free of charge for its users 

7 
System should follow the same interaction method which U-Call 
system offers, to avoid complexity 

 
As stated in section 3, we followed the iterative design-evaluation-redesign 

approach. Therefore, during the test and evaluation phase we found more user 
requirements such as such as multiple authentication process and dynamic 
tagging, which lead us to redesign UCAF and make it more compatible with 

users’ requirements(see Sections 7.3 and 8).  

4.3 Actors 
U-Call system interacts with two different types of actors which depending on 
their privileges can have access to different parts of the system, both over the 
Web and via mobile access. Typically the word user refers to non-administrator 

actors. However, to interact with UCAF our main actor is the “admin user” or 

“administrator”, who has the ability to modify reports over the Web, publish 
them and add relevant tags to the reports. 

4.4 Use Cases 

To visualize our system we have designed a use case diagram (see Figure  4.1), 
that shows the functionality of our system. We use this diagram to identify the 
core elements (actors) and processes (use cases) that make up our system (see 
Appendix 2). The main actor in the system is the system administrator, admin 
user. 
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user

Admin

Report a problem

Listen to the

published reports

Listen to the 

unpublished reports

Publish and tag reports

Publish with tag #1

Publish with tag #2

<<include>>

<<include>>

Publish with tag #N

<<include>>

<<extend>>

No message available

<<extend>>

<<extend>>

 
Figure 4.1 - Use Case Diagram 

 
 

Following the requirements and scenario-based usecases, we designed a 
prototype of UCAF that would allow WOUGNET to take administrative 

action on the stored reports (see Section  6.3).  
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5 Architecture 
This section describes the main components and architecture of the U-Call 
system to show how it works. Then we describe more about the architecture of 
used and developed modules of UCAF, which is the focus of this thesis. 

5.1 System Architecture 

Figure  5.1 illustrates the overall architecture of the U-Call system. As it shows, 
the system includes an Android App that receives the incoming calls, stores the 
number and hangs up on callers (to avoid airtime cost for callers). It forwards 
them to the Drupal for Android module which is installed on our Drupal-based 
website. This number is then sent to the Tropo through Voip Drupal module. 
When Tropo gets the information it calls back the initial caller. When the 
initial caller answers the call, the voice menu will be played back to allow 
interaction (see Appendix 1). This voice menu will be available through the 
Reporting System module according to different user inputs. At this point the 
initial caller can listen to the stored reports as well as leave an audio report. 
This audio file will be saved in the system database as an unpublished and 
unverified report until one of the administrators verifies and publishes it. 
Needless to say the Web backend also has an interface where WOUGNET can 
take administrative action on stored reports. 

 

. 
Figure 5.1 - Overview of U-Call System 

 
Considering the above system, our UCAF has two components: 
 

1- A Mobile Administrator module which adds more administrative features to 
both the Drupal for Android module and the Reporting System module, and 
is able to distinguish registered users from normal users to give them access 
to the stored information via the basic mobile phones.  
 

2- The Web backend interface includes the Open Calais module for content 
semantic tagging to increase findability and information categorization.   
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The above modules and their integration with the current U-Call system are 

shown in Figure  5.2. 
 

 
Figure 5.2 - Overview of U-CALL System and its Integration with UCAF 

 
 
The solution follows the SMCR (Source, Message, Channel and Receiver) 

model of communication [38]. The interactive model [39] (see Figure  5.3) 
consists of two linear models stacked on top of each other. The admin sends a 
message through the media channel to the call center (Voip Drupal). The call 
center then becomes the sender and channels a report/message to the involved 
stakeholders. Now, the admin can also listen to the feedback given by the call 
center and take action on each report.  

 

 
Figure 5.3 - Schramm’s Interactive Model 
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5.2 Drupal for Android Module 
In order to provide different voice menus for users and admins, we first need to 
be able to identify whether the caller is an admin user or not. To achieve this, 

we used a simple authentication method where the caller’s phone number is the 
key to verify and provide access to the admin menu. This means that, those 
users with registered phone numbers in the system who are admin users, should 
have access to the specific menu for admins. To facilitate this, we put some 
controls on VoIP for Android module, which means that before sending the 

caller-ID, the system will check the database to find out if the caller’s number 
is a registered number or not. If the phone number exists in the database (see 
Section 5.3), then the Mobile Administrator module will be loaded instead of 

the Reporting System module, when the user answers to the TROPO’s call 
back (see Section 6.3).  

5.3 Voice menu 

Figure  5.4 outlines the voice communication flow. The white blocks of the 
diagram present how U-Call system works and the blue blocks show the mobile 
administration voice menu which will be available by calling the 

“report_system_admin_script” located in the Mobile Administrator module. 
 

 
Figure 5.4 - Voice Menu Diagram 

 

5.4 Database 
All information related to the U-Call system is stored in MySQL database. 
Since we are using Drupal as a CMS, it can create its own database while we 
are installing it. To be able to add more functionality to the U-Call system, we 
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need to adapt the tables to our needs. However, for this thesis we only need to 

work with and modify the tables shown in Figure  5.5.  
 
 

 
Figure 5.5 - Database ER Model 

 

 Table “users”: stores user information such as name, password, email and 
etc.  

 Table “users_roles”: stores the different types of user roles such as moderator 
(administrator), registered user, limited users, etc. 

 Table “users_has_users_roles”: keeps the relation between “users” table and 

“users_roles”. Each user can have different roles and therefore privileges. 

  Table “variable”: in this table we store information related to the admin 
users, such as their mobile phone numbers which allow them to access the 
system through their mobile phones. 

 Table “Node”: this table stores all information related to the submitted 
reports and contents on the website, including audio reports and text-based 
reports. 

 Table “Node_type”: this table keeps the type of each Node entity. 
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6  Implementation 
This section describes the implementation process in both the Web and the 
mobile development phase. Section 6.1 only describes briefly how we configured 
Open Calais module to take advantage of its features for our project. Section 
6.2 presents the website development, meant to give easy access to the 
administrators to work on published or unpublished reports using semantic 
tagging features.  And finally Section 6.3 describes the mobile administration 
module which we developed to give the administrator access to the Drupal 
website through a mobile phone.  

6.1 Open Calais 
To activate Open Calais, we needed to install and register the module by 
obtaining API Key from the Open Calais website and configure it on our 

Drupal website. Figure  6.1 shows the Calais Configuration to set the API Key 
and Calais server.  

 

 
Figure 6.1 - Calais API Configuration 

 
While the connection to the server established by API Key, we could set up 

the terms and the categories according to the Web content and user’s need. For 

example, one can configure the Calais categories as presented in Figure  6.2. The 
categories are the vocabularies, mapped to the Drupal taxonomy vocabularies. 
The vocabularies hold the terms (tags), found and offered by Calais. We should 
then set up the relevancy threshold. This configuration determines how 
relevant a tag must be in order to be offered by Calais. The relevancy threshold 
can be from 0% (with less Calais accuracy) to 100% (only really accurate tags), 

depends on user’s need. This step is presented in Figure  6.3. 
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Figure 6.2 - A Sample Calais Node 

Setting 

 
Figure 6.3 - Calais Node Setting With a 

Sample Relevancy Threshold 
 

Figure  6.4 shows a list of Drupal taxonomy vocabularies, generated by 
the Open Calais module. Tags (terms) which Calais discovers from the 
submitted content or which the user adds manually, will be mapped to 

taxonomy terms of relevant vocabulary; see Figure  6.5.  
 
 

 
Figure 6.4 - Automated Defined 

Taxonomies 

 
Figure 6.5 - Sample Terms of a Sample 

Taxonomy (City) 
 

In Figure  6.6 we can see an example of a stored RDF triple [40] for different 
Objects (terms or tags).  
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Figure 6.6 - Sample Triple (subject-predicate-object) of RDFs 

 

Figure  6.7 shows a sample RDF file created by the Open Calais module. It 
automatically detected relevant words from the submitted content as terms 
(tags) and put them in a relevant vocabulary. In the figure we can see there are 

two detected terms, “medical worker” and “Labongogali” where the first one was 

semantically detected as a term for the “Position” vocabulary and the second 

one for the “Province or State” vocabulary.  
 

 
Figure 6.7 - A sample RDF file created by Open Calais for a sample post  

 

Once the admin gets access to the content, there will be a new “Calais” tab 
on top of the content area which shows auto generated tags, related to the 

content, as shown in Figure  6.8. One can see that a number of different tags 
are offered (Facility, Person, Technology) to the user to add, as well as adding 
manual tags (City: Gulu) 
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Figure 6.8 - Semantic Tagging Form 

 

Figure  6.9 shows a sample published post with relevant tags, generated by 
the Calais tagging module and accepted by the administrator.  

 

 
Figure 6.9 - A Sample Published Post With Relevant Tags 

 

6.2 Website development 
As we described earlier, when a report comes to the system, it remains as an 
unpublished report until an administrator verifies and approves it. Once this is 
done, the report will be accessible and available to the public via mobile phone 

or website. Based on WOUGNET’s request as determined during our online 
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meetings, we categorized the reports into two different categories of 

“Unverified” and “Verified”. This option gives easier accessibility to the 
administrator to find the reports from different categories, using predefined 

filters. To achieve this we needed to create two different filters in as a “View” 
for Drupal to divide reports based on their status. Figure 16 shows how a 

simple “View” is created for those reports which still need to be approved by an 
administrator.  

To have easy access to the restricted reports (in this case unpublished ones) 

we want to present the reports on a page with a distinct menu; see Figure  6.10. 
In the first lines of the code we define the name of the view and the table which 
our view should fetch data from. Recall from Section 5.3 that data related to 

the reports is stored in the table “Node” where, in our code this is presented as 

“base-table”. 
 

 
Figure 6.10 - Creating View for Unpublished Reports 
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The “display” handler controls where the output of the view will be 

presented. The “default” input means use the default display settings. Then we 

use the “filter” handler to restrict the type of reports. It defines which records 
and in what order, should be retrieved from the database. Though we are using 
the default display setting, we should keep in mind that any changes in the 
default values can affect all other displays. To avoid this problem we use the 

“Override_option” which allows us to modify the display value without causing 
problem to other displays.  

The above is similar to this SQL query: 
 

SELECT * FROM node WHERE status = ‘0’ ORDER BY created 
 
As mentioned previously, we also want to have access to these divided 

reports through a visualized menu; see Figure  6.11.  
 

 
Figure 6.11 - Management menu with different report views 

 

To have the above menu, we should link the “View” to a relevant URL. This 
makes it retrievable directly from our Drupal website. To achieve this we use 

the “Path Handler” where we can define the exact URL of our “view”. In our 

code, it is presented as “reports_not_approved” which makes our view available 
through this link: 

 

http://larsserv.msi.vxu.se/drupal_dis2/reports_not_approved 
 

The next handlers are “Menu Handler” and “Tab_Option Handler” which 
create menu links in the navigation bar and tabs to preserve all views next to 

each other; see Figure  6.12. 
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Figure 6.12 - Creating Menu Links and Tabs 

 

Figure  6.13 shows a screenshot of the website from the administrator’s 

perspective using the designed “View”. In the following we briefly present 

different parts of U-Call website, and its designed management “View”. 
 

1- Reports: as described above, this block was designed for administrators to 
give an easy access to the published and unpublished reports. This block 
also contains U-Call announcement function which is not the interest of this 
thesis.  

2- Administrator’s page: this block gives the administrator access to the user 
profiles, modules, taxonomies and vocabularies, etc. 

3- Entry: this block shows the received reports, their titles and the descriptions 
of the reports. 

4- Audio file: the received audio report will be accessible to the users to be 
listened to from this part. 

5-  Download audio file: this block gives a direct link to downlaod the recorded 
report.  

6- Filters report by topic: this block presents the different report categories, 

based on user’s needs. 

7- Filter reports by city: this block visualizes the used terms from the “City” 
taxonomy vocabulary, offered by Calais. 
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Figure 6.13 - A Screenshot of the website with Administrator Access 

 

6.3 Mobile Administration 
We need to provide a module which is compatible to U-Call system, that makes 
it accessible to admins over their mobile phone, to be able to publish the 
reports.  

As described in Section 5, when the system detects that the user who is 
connected to the system is an administrator, it should present both the admin 
menu and basic user menu allowing the user to chose with which menu s/he 

wants to interact. Figure  6.14 shows the control code which is added to the U-
Call’s “Drupal for Android” module. As it is shown, first “$dest_number” stores 
the caller number. The system then sends a query to the database to check if 

the value of “$dest_number” exists in the database and belongs to a registered 

user. If the result is true, then the “report_system_admin_script” should be 
loaded. In Section 5.3.1 we will describe more about each script.  
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Figure 6.14 - Drupal for Android Module, Admin’s Control 

 
When the user selects access to the admin menu, the Mobile Administrator 

module should be called to receive the user’s request. Below we describe in 
greater detail the Mobile Administrator module. 

According to Drupal, “Drupal’s module system is based on the concept of 

“hooks”. A hook is a PHP function that is named “foo_bar()”, where “foo” is the 

name of the module (whose filename is thus foo.module) and “bar” is the name 
of the hook. Each hook has a defined set of parameters and a specified result 

type” [41] . As pointed out in section 5.1, the module should first connect our 
script to the VoIP script.  

The following “admreportsystem_voipscript_get_script_names()” function is 

responsible for showing the “report_system_admin_script” in the list of the 

VoIP scripts. To continue, a new hook named “hook_voipscript_load_script()” 
is loaded. After defining the new hook, we need to define the voice script. This 

script is shown in Figure  6.14, where “peoples_voices_admin_script” is the 
admin script with some parameters such as: 

 

 addSetVoice(‘woman’): the default voice of the text-to-speech engine which 
will be used during the playback. The female voice is used to keep UCAF 
voice menu similar to the U-Call voice menu 

 addWait(1): a short pause to make sure that user will hear the following 
message 

 addSay(v(‘Hello administrator! Welcome to the administrative menu.’)): the 
greeting message  
 
After setting up the voice script, we should present the list of voice menu 

options to the user and state which key inputs should call which function and 

script. As seen in Figure  6.15, we can do this by using “$input_options”. For 
example, in the presented code, if a user presses 1, it means that the user wants 
to listen to the admin menu, so the system should call the 

“administrative_menu” script. If user presses 2, the basic menu of U-Call system 
which is available to everyone should be played for user to interact with. This 

happens by calling the “redirect_to_user_script” script. It needs to be 
mentioned that the touch-tone inputs (keys on the phone keypad) are chosen as 
mentioned above, to keep UCAF as similar as possible to U-Call system.  
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Figure 6.15 - Defining Admin Module Script 

 
We also need to control any invalid inputs from the user. For example if the 

user dials any number other than the defined ones, a proper error message. 

These controls were shown in Figure  6.15, by “initial_menu” and “end” scripts.  
Next we create the admin menu should be played. It defines the different 

possibilities of the administrator’s interaction with relevant response from 

UCAF. This part is shown in Figure  6.16.  
 

 
Figure 6.16 - Input Control Module 

 
Unlike other users, administrators need to have access to unpublished 

reports but not necessarily to the published ones. Therefore we need to retrieve 
and play submitted reports with unpublished status. To do this we wrote the 

“a_reportsystem_get_reports” function which retrieves appropriate records from 
the database.  
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When the reports are available through the voice menu, the administrator 
can chose different options: 

 Listen to the report(s) 

 Listen to the report(s) and publish with the relevant tag(s) 
 

As it is shown in Figure  6.17, each key on the phone keypad gives different 
options to the admin. For example by pressing 1, the admin can replay the 
current report, or if the admin wants to publish the report, s/he can do so by 
using the different tag options presented by the system.  

 

 
Figure 6.17 - Pre-Defined Tags for Admin’s Voice Menu  

 

For example, by pressing 5, the report will be published by tag “Kampala” 
and will be available on the Web and mobile voice menu to everyone. This step 
will be done by sending an update request to the database to add a new record 

to the database table with the admin’s input data; see Figure  6.18. 
 

 
Figure 6.18 - Database Query to Publish a Report with a Selected Tag 
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It is necessary to mention that tagging the reports using Mobile 
Administrator module, is designed statically using predefined tags (as it was 

shown in Figure  6.17) based on WOUGNET’s request.  

Figure  6.19 shows a sample successful interaction of an admin user with 
UCAF.  

 

 
 

Figure 6.19 - A Sample Successful Interaction with UCAF  
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7 Test and Evaluation 
After implementing the described prototype, we ran use case testing of both the 
Web-based and the mobile tagging system. According to Jacobson [42], use case 
testing is a method to identify the test cases that show the functionality of the 
system. To run these test cases, a user should follow the same flow of events as 
described in the usecases to achieve the expected results.     

We ran the first phase of test and evaluation in Sweden, using the 
mentioned method for both successful and unsuccessful scenarios. We used 
regular mobile phones, calling from the Swedish phone network to the U-Call 
system and tested its administrative functionality. We called the system using 
both mobile phones and landlines to check UCAF with different Swedish 
network operators. We made more than 10 calls and we received each call back 
in less than 5 seconds. We also published and tagged sample reports on the 
website, using the mobile administrator module. These tests showed that 
UCAF was successfully able to interact with its users to give administrative 
access to the registered users and to publish and tag the selected reports. 
Furthermore we transferred some of the reports from the WOUGNET reporting 
portal (Ushahidi platform) to U-Call website and tested the semantic tagging 
functionality. We successfully tested both the mobile administration and 
semantic the tagging module. 

In July of 2013, we traveled to Uganda to test and validate the functionality 
and feasibility of UCAF outside of the Lab environment, in the field. The test 
period was 7 days work with the help of WOUGNET. The whole test period 
was three weeks for test and validation of both U-Call system and UCAF. For 
more information look at [4]. We conducted several workshops and the system 
evaluations in Uganda  with WOUGNET staff mainly in Kampala, and 
subsequently in the Northern districts (Oyam, Gulu, Amuru) and several 
parishes such as Toro, Ibuje, Tarogali, Aboke, etc. In the following we describe 
the tests and evaluation process in more details.  

7.1 Participants 
6 participants from WOUGNET staff were selected to work with UCAF. 
Participants who had either an existing relationship with the project or were 
involved in some other WOUGNET activities, were chosen for their different 

roles and responsibilities. Table  7.1 shows a list of the workshop participants, 
divided in groups based on their affiliation. 

Of the total 6 participants, 2 participants (Group one) were responsible for 
the current WOUGNET reporting portal over the Ushahidi platform and they 
were accordingly familiar with the concept of tagging systems and working with 
the U-Call Web platform. One participant (Group two) was assigned to follow 
the reports and cases which WOUGNET receives from different districts but 
was not directly working with their Web platform. Two participants (Group 
three) were new in WOUGNET and were working as interns. Therefore the 
whole U-Call system and its features were new to them which helped us study 
their interaction with the system and our UCAF from scratch. The last and 

main participant (Group four) was the one who is WOUGNET’s field 
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representative who travels most of the time between the districts to collect 
reports from locals, verify them and put the reports on their Web portal. 

  
Table 7.1 - Workshop Participants   

Group Number 
Responsibility in 

WOUGNET 
Number of Participants 

One Ushahidi admin 2 
Two Report validator 1 
Three Intern 2 
Four Field representative 1 

 

7.2 Workshop and Test 
During the first day of running our test, we first trained one of the participants 
from Group One on the Web administrative aspects of UCAF. Since this group 
was already familiar with Web-based portals, we asked the first member to 
manually add tags to the available reports on the U-Call website. This allowed 
us to observe the dominance of the taxonomies used by this member, based on 
his experience of working with the tagging system on the Ushahidi platform. 
For example based on our observation and interview with this user, we found 
that taxonomy categories of Movie, Music, and Music album are not relevant to 
the reports which WOUGNET receives. Consequently we could modify and set 

the semantic tagging module and its taxonomy categories based on users’ needs. 
We followed the same process the next day for the second member of this 
group. In addition we also asked them to call the system via both mobile 
phones and landlines (each user made 5 calls using mobile phone and 3 calls 
using landline), and publish the available reports with the relevant tag(s) using 
the voice menu of UCAF (each user published and tagged 4 reports using 
mobile phones and 7 reports using landline). Moreover we took notes about 
their comments on the Web interface and stored log files of their interactions 
with UCAF, to allow us to revise the system if necessary.  

During the following 2 days of workshops, we trained the participants of the 
Group three. We first asked the participants (2 interns) to annotate the stored 
audio reports on the U-Call system. Then we asked them to manually add the 
terms (tags) to the reports, with as many relevant terms as they could find 
from the reports. Since the system was new to them, we took advantage of 
their inexperienced interaction, to find those vocabularies and terms which 
might be relevant to the reports but not frequently used by Group one. Then, 
with the help of participants in Group one, we checked the necessity and 
relevancy of the added tags. Next we reconfigured the availability of 
vocabularies, categories and taxonomies based on both experiences, as described 
in Section 6.1. 

The next day, we first trained the participant in Group two. For the test 
phase, participant tried to use the Mobile Administrator module to publish 
reports via a mobile phone but failed to communicate with the U-Call system, 
and as a result with UCAF. Since this problem was related to the U-Call 
testing which is not the focus of this thesis, we just briefly describe the problem 
and the possible reasons that caused it. We tried to call the U-Call system 
using different phone numbers provided by different operators, as well as using 



32 
 

landline numbers, yet we could not get the system to call back. According to 
the system log files, U-Call tried to call back but we did not receive any calls 
from the system; thus the connection failed. To test UCAF under these 
circumstances, we tried to call as a registered number to the U-Call to see if 
UCAF can detect the caller as an administrator or not. Based on the system 
log files, we found that the Mobile Administrator module can recognize the 
number as a registered one. As a result UCAF activates and U-Call tries to call 
back to the caller through UCAF. But again we did not receive any call from 
U-Call. We called the system using the landline and we received the call back 
successfully. We tried the same test in different time periods during that day. 
From total 10 calls using the landline we successfully received all the call backs, 
therefore the participant could publish and tag the selected reports. However, 
all the tests using mobile phones failed, and we did not receive any call back 
using different mobile phones and different operators. Eventually we found that 
this problem possibly happened due to mobile network overload problems in 
Kampala which caused poor quality of phone service coverage, and there was 
no problem with either U-Call or UCAF, since we could test the system 
successfully using the landline. The waiting time to receive each call back on 
landline was between 10 to 18 seconds, similar to the same waiting time in 
previous tests with other groups. 

For the final test, we traveled together with a WOUGNET field 
representative (Group four) into the field. During the 5-hour trip from 
Kampala to the Northern districts, we called the system every 30 minutes to 
check its behavior in different locations with different network coverage. A 
participant made 20 calls in total including random calls to test the system 
under different network circumstances. The waiting time to receive each call 

back was between 8 to 13 seconds, depending on the network coverage quality. 
We successfully tested UCAF, and listened to or published the stored reports. 

7.3 Feedback 
The participants provided valuable feedbacks which helped us make some 
improvements which we will describe in next chapter. We should also mention 
some of the outcomes of the field evaluation for future improvements: 

 
1. Based on personal experience during the time of our trip in Uganda, the 

MTN [43] operator which is popular, and provides inexpensive  Internet 
connection, does not have good network coverage everywhere. For example 
in some of the districts like Amuru or Community Taragali in the Ibuje 
sub-county, there was no network. Therefore we could not make a simple 
call. We found that people are aware of this problem and usually their 
mobile phones support two SIM-Cards at the same time. Accordingly, when 
they find one of the operators they are using does not provide support at 
the time or in a specific location, they switch to the other SIM-Card which 
is supported by other operators such as airtel [44]. According to 

WOUGNET’s statement, their staff also follow the same approach. 
Considering these limitations we found that, since we just register one 
mobile number for WOUGNET admins, they will be disconnected from the 
admin menu when they switch to the other SIM-Card. Based on the 
observation and also WOUGNET feedback, we should add one more field to 
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our database to allow admins the ability to add multiple phone numbers on 
the system to circumvent this limitation.  
 

2. The next outcome is about the admin’s login credential through mobile 
phones. As we describe earlier, the system will detect admins by their 
registered phone number. During tutorial sessions we asked WOUGNET 
participants if they had prefered to input a pincode when the system calls 
them back to increase security. They mentioned this additional step will 
increase the complexity of accessing the service as they will need to 
remember an additional pincode. Consequently if they forget their pincode 
they will be disconnected from the system until someone changes it in their 
user profile. But if they lose their phone or the phone gets stolen2, there 
should be some control to avoid possible unauthorized access to the system, 
though the only change by mobile phone will be publishing the reports. As a 
result, we create a fail-secure method in between. Considering both the 

user’s need and the system security, we offered to add the pincode field but 
keep its use optional, so for those who prefer to not have the code they can 
ignore this step.  

 
Moreover we gathered the relevant data based on the issues faced by 

WOUGNET members. The data that we collected during the test phase covers 
an evaluation of the aspects of the solutions, including criticisms of the overall 
solution as well as suggestions which were gathered during workshops 
conducted with WOUGNET members. Furthermore we debugged the system 

and made it easier to use based on the collected data and users’ requirements, 
such as multiple authentication process and mobile dynamic tagging (see 
Section 7.1). UCAF was delivered to the WOUGNET members after passing 
the test phase. 

 

                                      
2 In one actual case one of the admin’ s phone got stolen and we needed to disable the phone 
number in the user profile to avoid any future unauthorized access 
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8 Conclusion 
In this section we summarize our work and discuss the solutions we developed 
to solve the problems we identified earlier in this thesis. Here we present 
solutions to some of the problems we found during the test and evaluation 
phase. 

8.1 Double SIM-Card 
To allow admins to register their second phone number, we added one 
additional field to the registration form as well as in the database; see Figure 

 8.1. By including this field we give the administrators the option to access the 
system using different phone numbers, which is more suitable to the situation 
they are in. In the new design, when the described query in section 4.1 is sent 
to the database, it will look for stored phone numbers in both fields. If it finds 
a match, the system will recognize the caller as admin.  
 

 
Figure 8.1 - Registering Admin’s Phone Numbers 

 

8.2 Pincode 
To solve the pincode problem which was described earlier, we added one more 
function to the Admin Module. With this feature, admins can opt whether to 
have a pincode or not. An administrator can opt to specify a pincode using the 

designed interface in user profile; see Figure  8.2. This pincode must then be 
supplied when accessing the system. In each call, the user has 3 login attempts. 
After 3 failed attempts, the system will cancel the call and the user will be 
disconnected from the system. It needs to be mentioned that after each call 
with 3 failed login attempts, the user can call and try again. However to 
recover the pincode, the user needs to contact the Web administrator of the 
system or recover it directly from the user profile, using Web interface. 

To describe the authentication method, we are using the classic credential 

model based on username-password whereas the username is the caller’s phone 
number which is automatically detected by our system. The password is the 
pincode, which is stored in our system by the user and should be entered 
during the operation.  
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Figure 8.2 - Pincode register Form for Admins 

 

Figure  8.3 shows a sample interaction of an administrator with UCAF using 
the pincode feature in both successful and unsuccessful cases. 

 

 
Figure 8.3 - A Sample Interaction with UCAF Using Pincode  
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8.3 Frequently Used Tags 
We have looked at the frequently used tags by admin users among published 
reports. We found that admins usually use some tags more than others which 
might not necessarily be a location tag. They can be social tags, event tags, etc.  
To propose a dynamic tagging option using the voice menu, we identified the 
most frequently used tags in published reports and made them available to the 
admins, instead of using the static tag offering method which we described in 
section 5.3.1. 

In our new method, the system first checks the database to find the 5 
frequently used tags. Then, when the admin wants to publish reports, the voice 
menu will retrieve those tags and offer them to the admin. In this way not only 

is the user’s choice not limited to the specific tags, but they can also listen to 
the popular tags which are used by other admins.  

To give an example in the static model of UCAF, we can see that number 3 

on the mobile keypad will always publish the report with the tag “Gulu” and 

number 4 will publish it with the tag “Oyam”. Table  8.1, shows the first 5 tags 
which are available on UCAF, statically along with their relevant number on 
phone keypad.  

 
Table 8.1 - The 5 Available Tags Based on Static Model of U-Call Admin Module 

Priority in Voice Menu Tag Name Keypad Number 

1 Gulu 3 

2 Oyam 4 

3 Kampala 5 

4 Amuru 6 

5 Apac 7 

 
In the new method, the most frequently used tag in our database is Oyam 

and the second one is Uganda , therefore number 3 will be assigned to the tag 

Gulu and number 4 to the tag Uganda . In Table  8.2, you can see how the 
order of the tags can be changed based on the most used tags compared to the 
static tagging model used in UCAF. 

This was designed as an extra feature for UCAF after the field study and 
evaluation phase. It is available as a fully functional feature for the users of the 
U-Call system to use and work with in the future.  

 
Table 8.2 - The First 5 Most Used Tags U-Call Admin Module’s New Feature 

Priority in Voice Menu Tag Name Keypad Number 

1 Oyam 3 

2 Uganda 4 

3 Gulu 5 
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4 Apac 6 

5 Paul Onek 7 

 
 

8.4 Conclusion  
We developed mobile administrative functionality to the U-Call as an 
Interactive Voice Response system, to improve the moderation of user 
generated reports. The main features of our developed UCAF make it capable 
of being used on very basic mobile phones. The system can be used by any 
WOUGNET administrators, independent of access to the Internet. Mobile 
access can provide administrators an easy way to react quickly to what is 
currently happening according to what people are reporting. 

Apart from the mobile development, we have connected the U-Call system 
to a Web interface which makes it possible to add automated semantic tagging 
to annotated reports. 

Based on the evaluation results and users’ requirements, we have added two 
additional features to the mobile administrative functionality. First, the 
increased security of information is accessible via mobile phone, and second, the 
ability to tag reports based on the ranking of already available tags in the 
system, which effectively helps the administrators who are responsible for 
publishing reports while they are working in the field.  
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ABSTRACT3
 

We have conducted an ethnographic field study in 
northern Uganda, using a participatory design 
approach for the analysis of technology 
engagement and usage, in order to design a service 
solution that can be used to report public service 
issues and facilitate communication through ICT, 
based on existing technology.  

Categories and Subject Descriptors 
H.5.2 [User Interfaces]: Voice I/O User Interfaces, 
Evaluation; H.1.2 [User/Machine Systems]: 
Human Factors 

General Terms 
Design, Human Factors. 

Keywords 
Cross-media, ICT, ICT4D, VOIP, Participatory 
design, Cooperative design, Uganda 

1. INTRODUCTION 

It is widely realized that there are severe issues 
with a lack of public service delivery (the delivery 
of services such as education, healthcare and 
public infrastructure) in Uganda. Past experiences 
show that efforts in increasing civic participation 
and the reporting of service delivery issues can 
lead to a better state of service delivery and 
therefore generally raise the living standard in 
such situations [45]. 

Furthermore, there is substantial evidence that 
efficient use of ICT (Information and 
Communication Technology) can support civic 
participation efforts, not only by simplifying 
bottom-up reporting approaches, but also by 
supporting communication horizontally, among 
the citizens. In order to enable civic participation, 
the contributions of individuals need to reach a 
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Interaction Design Research conference 
(SIDeR), Denmark 2013 

broad audience of their peers, so that they get a 
chance to influence and take part in public affairs. 
Reports, specifically on public service issues, need 
to reach the responsible bodies. 

Given this context, our project seeks to address 
problems of civic participation in northern Uganda 
through the use of ICT4D (Information and 
Communication Technology for Development).  
“ People’ s Voices: Developing Cross Media 
Services to Promote Citizens Participation in 
Local Governance Activities” 4 was a project 
funded by the “ Swedish Program for ICT in 
Developing Regions”  (SPIDER) as a collaboration 
between  Linnaeus University (Sweden), Makerere 
University (Uganda) and the “ Women of Uganda 
Network”  (WOUGNET). 

By this stage, WOUGNET has conducted several 
workshops for another SPIDER funded project5, 
where Voluntary Social Accountability 
Committees (VSAC) discussed about the use of 
mobile phones and cameras in order to report bad 
governance and poor service delivery to the 
respective authority as evidence of their concerns. 
Moreover, a web platform called Ushahidi6 is used 
to handle the reports from the volunteers, but due 
to the high-cost of telephony network services and 
the complexity of making reports (for their low 
level of education and high level of illiteracy), it 
did not become as popular as it was expected. 

According to [46], using a combination of 
inexpensive and widely available tools in Social 
Media can empower citizens to organize 
themselves and to improve their civic 
responsiveness. Furthermore, these technologies 
allow citizens to be informed, encourage the 
gaining of civic knowledge, and facilitate the flow 

                                      
4 http://peoplesvoices.org 
5 Empowering Local People and Communities 
to Monitor Districts Services Delivery 
Through ICTs 
6 http://www.ushahidi.com/ 
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of information and the discussion about current 
issues. 

While access to the internet is not easily 
affordable and unfamiliar to the communities in 
rural Northern Uganda, mobile phones are not. 
Almost every village has at least one mobile phone 
and this amount is growing. Moreover, the 
available technologies (radio and mobile) in that 
region are able to create powerful tools that can 
contribute to the way that information is 
delivered.  

Therefore in order to accomplish the aims of our 
project, we decided to explore which kind of cross-
media7 services could be developed in order to 
promote novel ways of citizen participation in 
local governance activities. 

The paper is structured as follows; section 2 
describes the background concepts behind using 
ICT in developing countries, as well as some 
related work and challenges on voice-based 
systems. The design process is discussed in section 
3. Based on the requirements and limitations at 
this section, we then introduce the prototype of 
our system. We conclude with possible directions 
for future work. 

2. RELATED WORK 

Various approaches have been taken in order to 
tackle the issue of supporting civic participation in 
Uganda and other developing countries. It appears 
that such efforts do indeed support the quality of 
public service delivery [45]. Additionally, the use 
of ICT for the purpose of improving public service 
delivery [2] and to fight corruption  [47] has shown 
promising potential in previous research. 

One specific approach was the establishing of an 
incident reporting platform [2] using Ushahidi, 
which is run by WOUGNET8. This approach aims 
to enable civic participation by offering a public 
listing of incidents, but requires web access and 
literate users in order to access and interact with 
the platform. 

In the context of fighting corruption in Uganda, a 
project called “ Not in my country” 9 was launched 
in May 201210 and targets the corruption faced by 
students in Uganda. This project relies on a 
website to collect reports of corruption incidents. 
However, there are still some fundamental 
problems which hinder its usefulness to act as the 
main approach of collecting such incident reports. 
Two of these factors are 1) the project just 
supports reports related to academic issues 
focusing the attention on corruption, and 2) since 
the project resides on an internet based portal, 
access to this portal is impractical to many 

                                      
7 The use of a wide variety of media channels 
in an integrated manner 
8 http://wougnet.org/ushahidi/ 
9 https://www.notinmycountry.org 
10 
http://www.universityworldnews.com/article.
php?story=20120 
921130937930 

because of poor internet access and literacy in 
rural regions, a similar situation to the one faced 
by Ushahidi. 

Another relevant study [48] related to ours 
evaluated how voice forums can help rural Indian 
farmers to ask and respond to agriculture-related 
questions, and to browse other users’  questions 
and responses in various categories of interest. 
Having access to an online community through a 
toll-free number does not only make these 
communities immediately available to people in 
order to report their issues or get advice, but it 
also the interaction between experts and their 
peers faster and easier. 

Based on the existing literature, it would appear 
that approaches that are based on tailoring 
solutions according to the actual requirements of 
end users in rural, impoverished areas are 
underrepresented. Constraints may not be 
considered enough [49]. 

3. DESIGN PROCESS 

In our study we decided to take an approach 
based on designing a solution that considers 
peoples’  needs. Hugh Bayer and Karen Holtzblatt  
[50] proposed such a method called contextual 
design. It consists of ethnographical methods for 
gathering data relevant to the product via field 
studies, rationalizing workflows, and designing 
human-computer interfaces. In practice, this 
means that researchers aggregate data from 
customers in the field where people are living and 
applying these findings into a final product. 

Field Study 
We conducted a field study in Northern Uganda 
and collected data about the common cases and 
situation in the field. We used ethnographical 
methods for analyzing the different communication 
processes and their implication for the design of 
cross-media services. We took field notes, captured 
voice and video recordings of dialogues with the 
different stakeholders, and conducted interviews 
and observations that were connected to authentic 
situations. The justification of using such 
ethnographic methods has to do with “ coming 
closer”  to different situations in real settings, and 
find out how communication is taking place. 

The interviews that we conducted followed a 
similar path, starting with: a) what had it 
happened, b) how was the information flow from 
the moment the incident happened until the case 
was reported and solved, c) which ICTs were used 
to report the case and disseminate it, and finally 
d) how did they think that the use of ICTs would 
have improved the overall case. 

Results and Analysis 
During our field visit we archived approximately 
20 hours of video and audio recordings. These 
were transcribed and further analyzed in the 
period following the trip, before proceeding to 
develop our prototype system. 

Based on statements made during the workshops 
in Uganda, clear requirements could be identified. 
We grouped these requirements according to 
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factors such as the number of people affected, the 
ICTs that were already involved, and how long 
the process took. 

We identified the most important ones from these 
selected factors based on user’ s emphasis during 
interviews and the scale at which they contributed 
and potentially inhibited the process of reporting 
and disseminating information. Based on this 
information a solution could be tailored that 
caters to these requirements, enabling easier 
communication between multiple participants as 
well as allowing easier reporting of public service 
delivery issues. 

This data contained 12 cases that took place in 
three different districts (Apac, Oyam and Gulu) 
and were considered to be the most representative 
ones for the problems that occur in that area. 

Typical Case 
According to [51] the typical case illustrates what 
is considered to be a typical set of values, which 
can give a general view of the phenomenon. In this 
respect, a case should be chosen based on a set of 
descriptive characteristics and then to figure out 
for causal relationships. 

We used this typical case to identify the 
requirements, a complete list of limitations and 
also as the testing playground for our future 
solution. We do think that if our solution works 
for this typical case, unambiguously it will be 
helpful for the rest of cases as well. We identified 
a set of variables and examined each of these 12 
cases we were told during the field visit. The 
variables differ from amount of people affected to 
type of ICTs involved in the reporting process. 
After examining them, a case involving the sale of 
young goats in the Oyam district was identified as 
our typical case in terms of information 
dissemination. 

This case was about a community of members who 
had decided to contract a supplier to deliver goats 
for the farmers. The problem occurred when the 
supplier was supposed to provide farmers of 
mature goats but supplied young goats instead. 
This resulted in more costs for the farmers (in 
order to feed the young goats, whereas mature 
goats are less costly) and the contractor got the 
same amount of money as for mature ones. A low 
level of ICT was involved (only mobile phones) 
and a wide range of people were affected. These 
were the two main reasons to choose this case as 
the typical case. 

Identifying the Problem 
If the farmers used our system, they could have a 
quick and easy way to report this problem, what 
would lead to more farmers knowing about this 
goats supplier and this maybe would have stopped 
this bad conduct. For instance, the first farmer 
who was cheated could have reported his case to 
the platform. Immediately after he had finished 
reporting, his case would be available to be 
listened by more people. Other farmers, hopefully 
before buying goats from this dishonest supplier, 
could have accessed our platform to check if any 
report had been reported about this person. 

Limitations 
Based on the results of our study, we identified a 
list of limitations that we used as a base to create 
the model of our prototype. Among all the 
limitations that we found, we can emphasize three, 
which were taken into consideration during the 
creation of the prototype: 

 Illiteracy of population: Due to the low 
level of education in most rural areas in 
the Northern Uganda, solutions based on 
text (such as mobile SMS) should be 
preferably avoided. 

 High-cost of telephony services: Prices for 
calling and sending messages remain 
quite expensive in those areas. 

 Low level of technology: Almost every 
village has a single, shared mobile phone. 

Requirements 
Based on the typical case scenario and the 
limitations we identified above, we can then 
specify the requirements of our prototype: 

 Disseminate the information to a wide 
audience: the system should provide 
information access to the public. 

 Easy to use: people with low education 
should be able to use it. The system 
should avoid complex menus and long 
interactions with the user. 

 Accessible over existing technology in the 
region: taken into consideration available 
technology in the area, like basic mobile 
phones, radio, newspapers and limited 
access to the Internet. 

 Avoid the use of text: due to high level of 
illiteracy of the population, preferably, 
system should use voice as the main 
channel to deliver the information. 

 Free access: user can access the system 
without paying for phone services. 

Conceptual Design and Prototype 
At the design phase, following the requirements 
and limitations mentioned above, we created a 
functional prototype that can show the main 
features of our system. Trying to satisfy the needs 
of the different stakeholders, we implemented a 
mock-up of the system where basically a user can 
call to a number and s/he is guided through an 
audio menu in order to create or listen reports. 
The different stakeholders can access this system 
according to the technologies available to them 
(Figure 1).  

Our prototype is based on the VoIP Drupal11 
platform that permits the creation of voice driven 
applications. In order to allow people to create 
reports and listen to the ones already created, we 
developed a “ reporting system”  module for the 
Drupal platform based on the AudioBlog module 

                                      
11 http://drupal.org/project/voipdrupal 
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created by the MIT Center for Civic Media. This 
module, in combination with the VoIP Drupal 
module and several service modules, create a 
reporting system platform. We used the Tropo12 
telephone services provider to connect the 
reporting system with the telephone network. 
Basically, the role of a telephone provider system 
is to intermediate between the user of the 
application and the application interface. It also 
offers main functionalities like playback, text-to-
speech, as well as serving a local number to access 
the reporting system application.  

 

 
Figure 1. Overview of the system: access the data 

by different stakeholders. 

 
People who have access to a mobile phone can 
report their cases and listen to submitted reports 
by calling a local number (for the testing of the 
current prototype we temporarily used a Swedish 
number). Navigating through the different options 
of the voice menu they can choose the reports they 
might be interested in and listen to them. 

Another group of users who has access to the 
Internet using a personal computer, for example 
WOUGNET staff, can access the data over the 
website. The data (reports) are presented on the 
website in the main page and they are sorted in 
the order they were submitted to the system.  

People who have only access to the radio can 
listen to a digest of the data in the system. The 
possibilities of collaboration with a community 
radio station were discussed during the field visit 
to Uganda. Therefore, the director of a community 
radio station can access to the reports submitted 
to the system over the website. After defining the 
cases (reports), s/he can download the reports 
from the website in order to broadcast them 
during the community radio program. 

                                      
12 https://www.tropo.com/ 

4. CONCLUSION AND FUTURE 
WORK 

As it was found during our field visit, the most 
popular technology used in this area to interact is 
the mobile phone. Preferably, people use voice the 
communication feature to communicate over 
mobile phone due to the high level of illiteracy. 
The main feature of our developed system is that, 
apart of being thought to be used in very basic 
mobile phones, it is voice based, which implies it 
can be used by a big vary of people independently 
of their level of illiteracy.  

From our literature research, we can conclude that 
mobile phones have the potentiality to become 
more than a tool for calling and messaging. They 
may become a common technology denominator 
due to its wide acceptance among people. The 
high costs of the phone services still remain as one 
of the principal issues but it will not represent a 
problem in our system since a toll-free number will 
be used. 

Apart from the voice solution, we have connected 
to the system a web interface from which it is also 
possible to report cases, read or listen to the ones 
that are stored, annotate them, browse through 
them and even download them in audio format. 
This web interface could provide to the 
administrators a good view on to what is currently 
happening according to what people are reporting. 

Although the radio as a passive media distributor 
has not been properly integrated in our solution 
yet, we expect, as part of future work, to improve 
the collaboration between the radio stations and 
this project work.  

The integration of these three cross-media tools 
can be used to support effectively the sharing of 
community information by providing access to this 
information through these interfaces to the 
different stakeholders. 

Moreover, what makes our study different is that 
we are not going to develop new technologies, as it 
was done before. We used existing free 
technologies and open-source tools that fit best to 
people’ s requirements. Utilizing them, our 
solution will also be open-source and could be 
adapted in the future to other situations in 
different areas not only in Uganda. 

In future, we plan to deploy our system in Uganda 
and extend the system’ s functionalities. We 
would like to investigate how to make user-
generated voice content easier to navigate, 
developing user-friendly voice-based interfaces, 
developing an ontological semantic retrieval 
method for voice-based content are interesting 
problems to look into, to name just a few. 
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10.2 Usecases 
 
Define admin users 

Use Case Define privileged users 
Expectation Privileged users (admin) get registered in the system by 

registering their phone number. These registered users can 
have access to the admin menu through mobile phone 

Preconditions User should have access to the user account 
Actors Admin 
Flow of 
Events 

Step Action 
1 User log in to the system through Web interface 
2 User registerd user’s phone number and saves  

her/his phone number 
3 The system stores the user information and phone 

number in database 
 

Figure 10.1, shows UI view of the defining admin page. On this screen shot we 
can see that there is an extra tab in user account page where admin can 
register phone number. As it is shown in the screen, the format of the phone 

number should follow this instruction “+XXX########”, whereas the first 
three digits present the country code and the rest is phone number.  
 

 
Figure 10.1 - Registering Admin’s Phone Number 

 

Access to the admin menu 

Use Case Access to the admin menu 
Expectation Admin gets access to the admin menu 

Preconditions Admin’s phone number is registered in the system 
Actors Admin 

Flow of Events Step Action 
1 User calls to the system. 

1.1 User calls in via phone 
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1.2 
 

1.3 

The system captures the caller’s number and 
hangs up 
The system calls back and admin answers to the 
call 

2 The system plays welcome message to admin and 
offers two options : 

2.1 
2.2 

Dial #1 if you want to go the admin menu 
Dial #2 if you want to the user menu  

3 User dials #1 
4 The system plays admin’s menu intro message 

with user guide 
 

Listen to the unpublished reports 

Use Case Listen to the unpublished reports 
Expectation Admin listens to the unpublished reports and can navigate 

through them. 
Preconditions Use Case “Access to the admin menu” 

Actors Admin 
Flow of Events Step Action 

1 The first audio report plays back by the system 
2 The system suggest additional options at the end of 

each audio report 
2.1 
 

2.2 
2.3 
2.4 

If you want to repeat the current audio report dial 
1 
If you want to listen to the next audio report dial 2 
If you want to go back to the main menu dial # 
If you want to publish the report with tag X dial 3 

3 The system plays audio report based on admin’s 
prefer 

Alternative 
Flows 

Step Branching Action 

 2.4.a Use Case “Publish and tag unpublished reports”, 
step  

 1.a, 
2.2.a 

Use Case “No reports available to play” 

 

Publish and tag unpublished reports through mobile 

Use Case Publish and tag unpublished reports through mobile 
Expectation Admin listens to the unpublished reports and publish them 

with selected tag. 
Preconditions Use Case “Access to the admin menu” 

Actors Admin 
Flow of Events Step Action 

1 The first audio report plays back  
2 At the end of each audio report the system gives 
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additional options to admin 
2.1 
 
2.2 
2.3 
2.4 

If you want to repeat the current audio report dial 
1 
If you want to listen to the next audio report dial 2 
If you want to go back to the main menu dial # 
If you want to publish the report with tag X dial 3 

3 Admin dials the number which has the tag 
4 The system changes the status of the report from 

unpublished to published and adds the tag which 
has been selected by admin to the report 

5 The system plays the success message to admin 
 6 The system plays the next unpublished audio 

message  
Alternative 

Flows 
Step Branching Action 

 2.1a, 
2.2a 

Use Case “Listen to the unpublished reports” 

 1.a, 
2.2.a, 
6.a 

Use Case “No reports available to play” 

 

No reports available to play 

Use Case No reports available to play 
Expectation The system plays a message to admin shows there is not 

any message on the system to play back 
Preconditions Use Case “Access to the admin menu” 

Actors Admin 
Flow of Events In any steps of using the system functionality if admin 

selects the option to listen to the next audio report and 
there is not any audio report: 
Step Action 

1 The system plays an automatic audio message 
which shows there is not anymore message 
available to play back 
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