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ABSTRACT  
I Oaxaca, Mexiko, finns det områden där telefonoperatörer vägrat installera mobilnät vilket resulterat 
i att samhällen,  framförallt ursprungsbefolkade, lever utan mobiltelefoni. En studie utfördes i de 
drabbade områdena för att utveckla en applikation som angriper några av de existerande 
anslutningsproblemen. 
Jag presenterar en app som möjliggör billiga telefonsamtal via öppna mobilnät. Appen innehåller 
samtal- och meddelandefunktioner som är förenliga med lokala telefonmodeller. Dialoger med 
användarna genomfördes för att förstå deras prioriteringar och vanor. En Participatory Design metod 
användes för att främja användarnas känsla av delaktighet och ägandeskap av appen. Användarna 
föreslog idéer som att inkludera symboler för användare som inte kan läsa och kopiera familjära 
element från Mexiko mest använda kommunikationsapp, WhatsApp. Användarvänlighetstesten 
visade att designen var användbar. Testen gav även rum för en naturlig dialog och appropriering av 
appen. Vidare, diskuterar jag möjligheter samt begränsningar med applikationen. 
 

ABSTRACT  
There are areas in Oaxaca, Mexico, where larger telephone operators have refused to install a cellular 
network, leaving mainly indigenous communities without connectivity. A minor field study was 
carried out in the affected areas with the aim to build an application tackling some of the existing 
connectivity problems. 
I present an application enabling low-cost phone calls through open source mobile networks. The app 
contains calling and messaging features compatible with residents mobile devices. Dialogues with 
the users were completed to understand their priorities and practices. A participatory design approach 
was used throughout the design process to encourage user appropriation. Ideas suggested by the end-
users included using symbols for users who could not read and copying features from Mexico’s most 
popular communication app, WhatsApp. Usability testing showed that the design was usable and 
additionally allowed for natural dialogue and user appropriation. Furthermore, I discuss opportunities 
and limitations with the application. 
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ABSTRACT  
There are areas in Oaxaca, Mexico, where larger telephone 
operators have refused to install a cellular network, leaving 
mainly indigenous communities without connectivity. A 
minor field study was carried out in the affected areas with 
the aim to build an application tackling some of the existing 
connectivity problems. 

I present an application enabling low-cost phone calls 
through open source mobile networks. The app contains 
calling and messaging features compatible with residents 
mobile devices. Dialogues with the users were completed to 
understand their priorities and practices. A participatory 
design approach was used throughout the design process to 
encourage user appropriation. Ideas suggested by the end-
users included using symbols for users who could not read 
and copying features from Mexico’s most popular 
communication app, WhatsApp. Usability testing showed 
that the design was usable and additionally allowed for 
natural dialogue and user appropriation. Furthermore, I 
discuss opportunities and limitations with the application. 
Keywords 
Participatory design; ICT4D; mobile usability; design 
evaluation 
INTRODUCTION 
“Economic, social, and political life in the 21st century will 
be increasingly digital, and those without Information and 
communication technologies (ICTs) will be increasingly 
excluded”[13:26]. 

A study of 171 countries over the period from 1996-2007 
shows that mobile telephony has a positive contribution to 
economic development [5]. Other benefits of mobile 
telephony are disaster relief, locally-generated and locally-
relevant education and health information [2]. Maintaining 
social capital with mobile telephony is more important than 
a formal contract between economic agents in countries 
where informality is high and the institutional weakness is 

                                                        
1 A non-profit organisation that creates alternative telecommunication infrastructure for people in areas where larger telephone operators have refused to install 
a cellular network. 

low [9]. In Mexico, there are areas where larger telephone 
operators refuse to install a cellular network, due to high 
infrastructure cost and low-profit margins [30]. With no 
network, communities cannot get access to the benefits of 
ICTs.  

In this thesis, an application enabling telecommunication 
was developed in collaboration with a local organisation 
called  Rhizomatica1. The application transfers messages and 
calls from people with internet access to people in 
communities with open source 2G GSM networks. The 
application works as a bridge between marginalised 
communities and larger cities.  

Information and communication technology for 
development (ICT4D) projects aspire to increase 
international development. However, many ICTs are 
designed by and for the wealthiest 30% of the world [7]. 
When implementing these solutions in developing countries, 
context aspects such as political, religious and social 
restrictions are often overlooked. Many ICT4D projects fail, 
and one of the reasons is the lack of local environmental 
knowledge such as the needs of the end-users [13].  

The specific aim of this thesis was to understand what the 
end-users needed, explore usable design elements for the 
context and develop the application for the 2G network. A 
participatory design (PD) approach was used to understand 
the needs of the end-users and allow for design 
appropriation.  

In the first section of this thesis, local context of indigenous 
communities and Rhizomaticas involvement are described. 
Secondly, the design process is explained and evaluated. 
Finally, I will discuss the benefits and limitations that this 
ICT solution has.  
BACKGROUND 
This section describes the local context of indigenous 
communities and Rhizomaticas involvement. 



Telecommunication for indigenous communities  
Mobile phones seem to be the most accessible and most 
relevant ICT for developing countries. They have a relatively 
low cost with a simple interface which is more adaptable and 
available for all population segments comparing to other 
ICTs [9]. Furthermore, mobile broadband is cheaper than 
fixed broadband in most developing countries [16].  
With approximately 6 billion mobile phones in the world, the 
spread of ICT is increasingly global. However, due to 
limitations such as lack of internet and a cellular network, the 
benefits of ICTs are not always offered [6,16,29]. The non-
profit organisation Rhizomatica has been providing mobile 
coverage to rural and indigenous communities in Mexico 
since 2009. They are currently delivering 2G GSM networks 
to 19 communities in Oaxaca through open source 
technology. Rhizomatica manages the installation and 
maintenance of the antennas, but the networks are owned and 
administrated by the communities. 

In this study, I developed a progressive web application 
(PWA) for Rhizomatica. The application transfers messages 
and calls from people with internet access to people in 
communities with 2G networks. The application was 
developed with Angular 5, using Google Material.  

 

 
 

Figure 1. The state of Oaxaca. 

Oaxaca, setting and context 
Oaxaca is Mexico’s most culturally diverse sstate with eight 
ethno-linguistic groups [17] and 16 officially recognised 
indigenous groups. In 2013, 418 of the 570 Oaxaca 
municipalities were reported to be governed by indigenous 
governments [28]. Participants in this field study were from 
four different indigenous communities with 461 to 2766 
number of inhabitants; San Juan Yagila with 461 inhabitants, 
Santa María Alotepec with 2766 inhabitants, Villa Talea de 
Castro with 2279 inhabitants and Santa Inés de Zaragoza 
with 1616 inhabitants [15].  

THEORY 
This section describes participatory design methods in 
relation to ICT4D. 
Context and design in ICT4D  
Many ICT4D projects fail, and one of the reasons is the lack 
of local environmental knowledge such as the needs of the 
end-users [13]. Context-awareness and end-users are 
considered when creating interactive applications in 
developed countries but can sometimes be neglected in 
ICT4D projects [8]. There are ICT4D projects where end-
users have been taken into account, but where the designers 
had little insight in local technologies. These projects failed 
due to the large gap between designers assumptions of local 
technology and the reality [12]. Another reason for failure in 
ICT4D projects is when local appropriation does not occur 
[12]. Local appropriation is when communities can identify 
their own needs and select appropriate technology solutions 
that they adapt to their own social, economic and cultural 
process [18]. In light of this, Participatory Design (PD) was 
used as a research methodology.  
Participatory Design 
Participatory design (PD) represents a method where the 
users play an important role in designing the application [24]. 
PD originated in Scandinavia as part of the workplace 
democracy movement [3]. According to Spinuzzi [22:163], 
PD methodology "is a way to understand knowledge by 
doing: the traditional, tacit, and often invisible ways that 
people perform their everyday activities and how those 
activities might be shaped productively".  

User-engaged design processes have proven to be a key 
element for successful ICT4D projects. However, there are 
conditions to be taken into account such as who the 
participants are, how they participate and why they 
participate [13]. According to Heeks [13], common pitfalls 
are that the participants represent an elite minority, that 
individual or group participation give different outcomes and 
that participants answer what they think the designer wants 
to hear. To overcome some of these problems, it is essential 
to minimise the hierarchy and difference between the 
designer and the users, as well as to select a diverse 
representation of participants. Participatory designers should 
be facilitators and avoid taking a dominant position [22,25].  
METHOD 
The fieldwork was divided into four parts; defining the users 
and their network usage; PD workshop; designing a 
prototype of the application; conducting a usability 
evaluation of the design.  
Defining the users and their network usage 
Interviews were done with employees at Rhizomatica and 
people from the community Santa Inés de Zaragoza to 
understand the user groups.  

Santa Inés de Zaragoza is one of the communities that runs a 
community cellular network installed by Rhizomatica. 
Around 50 people were invited to an open discussion about 
benefits and limitations of the 2G network. The open 



discussion was used to explore usability problems and get 
context insights of the network and the network usage.  
Participatory design workshop 
A participatory design method was selected to minimise the 
hierarchy and difference between the designer and the users 
as participatory designers should be facilitators and avoid 
taking a dominant position [22,25]. Considering the history 
of colonialism in Mexico and how indigenous communities 
have been treated, they tend to prefer non-dominant social 
groups to hierarchical models [21]. Furthermore, using a 
participatory approach could empower the users in making 
their own decisions [6] and taking additional control over 
their network. The network is owned and administrated by 
the communities and engaging in the design of the 
application could increase the autonomy. Allowing user 
engagement was necessary for the solution to be as long-term 
sustainable as possible. As Heeks [13] points out, letting the 
end-users appropriate on the system is vital to avoid failure 
and rejection.  

A PD workshop was held in Santa Inés de Zaragoza. Parts of 
the workshop were voice recorded, and notes were taken 
from the discussions. There were 10 participants in the 
workshop, 5 female and 5 males. The division was selected 
to avoid gender imbalanced design contributions. 5 of the 
participants had previous smartphone experience and 5 had 
no experience at all. The aim with this distributions was to 
get the expertise of different perspectives. The disposition of 
the workshop was outlined knowing it would probably 
change, as the environment was not known beforehand. 
Roughly the content of the workshop was divided into 
familiarising with the participants, define usefulness and 
desired value from the project and create paper prototypes 
with iterations.  
Questionnaires 
The participants answered a questionnaire to identify what 
kind of user they were, previous technology use and 
communication patterns. One aim was that the participant 
could reflect on different types of users and communication 
patterns to have that in mind when prototyping. Another 
objective of the questionnaire was to identify design goals 
not visible to the participants. The questionnaire, written in 
Spanish, was pilot tested on two people in Oaxaca. A 
questionnaire, rather than an open discussion, was used since 
it contained possible private questions, such as previous 
technology usage.   
Paper prototyping 
Each participant was provided with sticky notes, snacks, 
pencils in different colours and papers with smartphones to 
draw the paper prototypes. While prototyping, the 
participants were encouraged to design the application after 
what objectives and user scenarios they found most 
important. Observations of the discussions were made to 
understand communication patterns and design references 
further. 

Designing the application 
The voice recordings from the workshops were transcribed. 
Notes from the discussions, the transcribed voice recordings 
and the paper prototypes were analysed. I focused on 
subjects such as current problems, technology skills, desired 
outcomes and design suggestions. Using insights from the 
PD workshop and following design heuristic from Nielsen’s 
and Molich’s work [20] a design took form. The design 
considered local technology restrictions such as mobile 
devices and network technology. The design was created as 
a clickable online prototype in Adobe XD.  
Evaluating the design 
A short usability test, a user dialogue and surveys were used 
to evaluate the design. In line with the PD workshop, the 
users were treated more like design partners than research 
subjects. A user dialogue, rather than a test environment, was 
used following the studies by Buur and Bagger [4]. This 
method was selected to understand user priorities that were 
not revealed in the usability test. 

The design of the app was created with insights from the 
workshop in one community, Santa Inés de Zaragoza. To 
mitigate representing a fraction of the users the design was 
evaluated with users from other communities. Four 
participants coming from San Juan Yagila, Santa María 
Alotepec and Villa Talea de Castro, partook in a usability 
test, two female and two males. The evaluation took place in 
a room at a Convivio coworking space in Oaxaca city.  

In usability tests evaluation criteria such as efficiency, 
effectiveness, learnability and satisfaction are important to 
measure [22]. In this case, it was more important to highlight 
usability problems and to evaluate the design choices for this 
context. The participants filled in a pre-test survey with the 
aim to identify smartphone experience, expectations of the 
application and communication patterns. The questions 
about communication patterns and expectations were open-
format, previous smartphone experience questions were 
closed-format. The usability test consisted of six different 
tasks and the participants were asked to think out loud. A 
thinking aloud test is when the participants verbalise their 
thoughts and explain how they think when they interact with 
the interface [19]. The tasks included calling a number, 
messaging a contact, call a contact from an open message, 
find a specific contact in the contact list, find a specific 
conversation and add a new number. All the tasks were done 
on an iPhone 6 and screen-recorded with a MacBook using 
QuickTime player. The participants spent approximately 1,5 
hours in the evaluation, of which 3 min were spent on the 
tasks. I was also interested in how the users perceived the 
application. They answered an anonymous short post-test 
survey regarding the tasks and an overall perception. 
Questions regarding usability of each task had a Likert scale 
ranging from 1-5 with an optional comment field. Questions 
regarding overall design and usability were open-ended. A 
user dialogue of approximately 50 min followed where we 
talked about improvements and priorities of the application 
and what benefits and limitations this ICT solution had. The 
answers from the survey and the dialogue were compared to 



make sure that what they said in the open dialogue reflected 
the anonymous survey. Qualitative data was collected from 
observed user behaviour when interacting with the interface 
and answers to open questions.  
Selecting the participants 
The aim was to have diverse representation from the 
communities, avoiding one of the common drawbacks in 
ICT4D projects - representing an elite minority [13]. Urban 
and rural participants were invited, some participants were 
frequent travellers to larger cities, other lived in larger 
communities, and some came from communities with a small 
number of inhabitants and rarely left the community.  

Including a gender balanced representation in the process 
was another aim at avoiding participants representing an elite 
minority.  
Programming the application 
The application was developed with Angular 5 and Google 
Material. It took approximately one month to programme the 
application. Usability problems solved with back-end 
solutions will be presented. Further details about code and 
evaluation of programming languages will not be described, 
as they are beyond the scope of this thesis.  
RESULT 
Insights collected from open discussions, the PD workshop, 
interviews, surveys, questionnaires, a usability test and user 
dialogues will be presented in the result. All the interviews 
and written material was done in Spanish and quotes from 
participants have been translated. 
Users of the application and 2G network usage 
This section defines the users of the application and 
discusses the network usage.  
Defining the users 
User groups were defined after interviews with employees at 
Rhizomatica and people from Santa Inés de Zaragoza. The 
users of the application are described as main users and 
future users. Main users are people that have relatives in the 
community but live outside of the community and people 
that live in the communities but often travel. Future users are 
people that might move out of the community or travel to 
other cities. One resident of Santa Inés de Zaragoza said, 
“Having a smartphone is more likely if you often travel 
outside the community”. Since the community had no 
internet access, people that rarely left the community chose 
not to buy a smartphone due to the high cost. The correlation 
between travelling and owning a smartphone was noticeable 
in the answers of the questionnaire; the participants with no 
previous smartphone experience rarely left the community, 
and the people that lived in the community but usually 
travelled had a smartphone.  
The network usage 
During the open discussion in Santa Inés de Zaragoza, people 
spoke about positive and negative aspects of the network. 
Further insights into the network usage were gained from the 
anonymous questionnaires in the PD workshop. These will 
be presented here. 

The 2G network had been installed in December 2015 and 
had enabled work-related communication: “Now we have 
taxi drivers, something we could not have before” said a 30-
year-old man. All the participants in the workshop answered 
that they had families and friends that they needed to be in 
contact with outside the community. Some people 
complained that depending on the weather, the network 
could be down for days; “Once it was down for ten days” said 
a 60-year-old man. Two parents pointed out: “With the new 
network, we have gotten used to talking to our son. So, when 
the network is down, it is very frustrating”. Several people 
told that they had gotten transferred to the wrong person 
when calling. In the anonymous questionnaire, one 
participant stated that it was difficult affording the monthly 
cost of the network, 40 Mexican pesos.  

 
Figure 2. People from Santa Inés de Zaragoza, before the open 
discussion started. 

When a user decides to become a member of the network, he 
or she gets assigned with a number. To make a call, the users 
have to call a specific location number and during the call 
enter additional numbers to a contact. The participants in the 
workshop pointed out that the current system was tiring to 
use. Saving a phone number on the phone was practically 
pointless since they had to enter new digits during a call. 
They had to have the number written down on a paper and 
dial new digits in the middle of the call.  

People complained that the network was occupied at times, 
not allowing them to make a call. The network had a user 
limit of 400 people, but calling was not possible for more 
than 14 people at the same time. To distribute the calls 
equally between the residents Rhizomatica had established a 
time-limit to prevent people from having long phone calls 
and occupying the network. The time-limit led to users being 
interrupted in the middle of a call, and some users stated that 
they found it a bit annoying.  

The people of Santa Ines de Zaragoza cared about sharing 
resources. The community had faced several emergencies in 
the past six months; three severe earthquakes had been 
registered. If an emergency occurred, the common 
knowledge was to make quick calls, ensuring the safety of 
relatives and then give room for other people to call. A way 
of sharing common resources opposite to bigger cities that 
have fallen into the tragedy of the commons [11].  
Participatory design workshop 
The workshop started with an introduction of usability and 
the purpose of the progressive web app. We discussed the 



desired outcomes and expectations of the project. None of 
the participants knew about the application beforehand. 
Questionnaire 
The questionnaire showed that all the participants had people 
to be in contact with outside of the community. All the 
participants were familiar with WhatsApp even if they did 
not have a smartphone. The application Telegram was also 
used by five of the participants. 

 
Figure 3. Group one discussing the design of the application 
during the workshop. 

Paper prototyping 
The participants were free to plan their work process, and 
they started with creating a circle with chairs and forming 
two design groups. Group one contained more smartphone 
users and group two more non-smartphone users. The 
participants began by discussing what functions they found 
most important. I noticed that the participants were interested 
in the view of all, asking everyone in their group about their 
opinion and what objective they preferred. The participants 
listed the aim of the application different; non-smartphone 
users considered calling, rather than messaging, more useful 
and smartphone-users were more used and comfortable with 
messages and argued that it should be the primary function. 
After a dialogue in group one, they decided to have the 
ability to text as the primary function and group two selected 
calling. Both groups then designed all the parts of the 
application considering the most important feature.   
Design iterations 
After discussions and a first paper prototype, the groups 
began with design iterations. One group noticed they did not 
have a contact list in the initial design and added one as seen 
in figure 4. The contact list shows a symbol of a telephone 
and on the right side of the name; an opened message from 
that contact. In the second iteration, the group considered this 

way of listing contacts to be challenging to use and that the 
message box was too small for showing several messages. 
The displayed message was changed to a symbol of an 
envelope as seen in figure 5. The oldest participant was 
around 70 years old, and the other participants often asked if 
he understood what they had drawn to make sure he found it 
usable. 

 
Figure 4. The initial design of a contact list by group two. 

 
Figure 5. The second design of a contact list by group two. 

In the initial designs, the paper prototypes were a contact list 
and a dial pad. None of the groups had included a navigation 
menu, an essential part of the app. As I wanted to avoid 
taking a dominant position, I asked questions about the 
application and their designs until they realised that they had 
to navigate between the pages. However, little attention was 
spent on discussing and designing the navigation. The 
participants created two different navigation menu 
proposals, one as a front page as seen in figure 6 (a) which 
was not accessible at all times. The other suggestion was to 
place the navigation menu on the bottom of the page as seen 
in figure 6 (b). Both solutions contained three menu items: 
calling, messaging and contacts. 



 
Figure 6. Design suggestions for navigation menu; group one (a) 
group two (b). 

Group two proposed the navigation menu with the best 
usability. The design showed the menu at all times which 
minimises memory load and permits the user to be in control. 
In the design of group one, the user had to go back several 
steps to access the menu. Notable was the difference in the 
metaphoric symbols for messages, one picturing a chat 
bubble and the other an envelope, seen in figure 6. The 
selection of symbols could be depending on previous 
smartphone usage. Message bubble is mainly used in 
applications and the envelope is an older universal symbol 
for messages. Group one had most layout suggestions and 
designed many detailed components of the application. 
Group two had difficulties in drawing design suggestions. 
Instead, they verbalised ideas such as having a dial pad when 
calling and showing a message as a text. 

  
Figure 7. WhatsApp navigation menu. 

Participants from both groups copied and got ideas from the 
design of the Android version of WhatsApp. The three menu 
items used by the participants (see figure 6) were the same 
as the ones used in Android WhatsApp (see figure 7).   

A seen in figure 8, the used symbols for contacts, creating a 
contact, messaging, calling and searching are similar to other 
applications. These symbols were well-known by the 
participants from both groups.  

The groups had different ways of working; group one created 
a design with several design tasks and divided them among 
themselves, group two presented one solution each which 
resulted in an end-design. I noticed that the men took more 
decisions during the paper prototyping and that the women 
were more cautious in their suggestions. The absence of 
female voices also manifested in the open discussion.  

 
Figure 8. Design suggestions from group one. 

Design references and technology solutions for the 
context 
The users of the 2G network had addressed difficulties such 
as network failure, a confusing process of executing a phone 
call, being disrupted in a call and not being able to afford the 
phone calls. The app solved some of these problems just by 
operating with internet and mobile data instead of 2G. The 5 
min time limit was set for 2G to 2G calls and did not apply 
when calling with mobile data to 2G. With the app, users 
living in the communities could receive calls without a cost 
and their relatives could call them for free.  The confusing 
process of making a call was improved by displaying the 
user’s joint number (location code and phone number). As 
the calls now could be done with mobile data, the users did 
not have to make a location code call followed by the 
randomly assigned numbers. 

Notable from the workshop was that the groups did not think 
about the current usability problems with the network when 
designing the app. However, enough information was 
gathered from the open discussion to address what network 
problems that could be solved. The first identified insight 
from the workshop was to design the application after the 
participants' primary focus; making a phone call.  Some 
participants considered messaging most important, but most 
of the people of Santa Inés de Zaragoza preferred calling. 
Another design suggestion for this context is using 



WhatsApp design references. Both groups copied and looked 
at the Android version of WhatsApp for ideas.  

  
Figure 9. During the workshop, participants looked at 
WhatsApp for design ideas. 

The participants proposed using three menu items as a 
navigation menu, the design of WhatsApp also inspired this 
layout. The contact list was similar in all paper prototypes; 
even the oldest participant designed a list with a phone 
symbol allowing the user to call a contact directly from the 
list as seen in figure 5. 

Most of the symbols drawn in the paper prototypes seen in 
figure 8 were familiar to all the participants. Hence, using 
familiar symbols is another design suggestion that is specific 
to this setting. 
Designing the application 
One central issue was to make sense of the collected data 
from the workshop and evaluate how to integrate the 
participants' suggestions in the design.  

The application was to be used by smartphone owners calling 
to a smartphone or to a basic mobile phone. The most 
common mobile device in the community allowed basic text 
messages and phone calls. Since the mobile phones had some 
limitations, features such as sending photos could not be 
included in the application. . A balance between local mobile 
device limitations and design suggestions resulted in an end-
design where parts can be seen in figure 10. Symbols drawn 
by the participants in the workshops are used following the 
design suggestion of using familiar symbols. These symbols, 
also frequently used in communication applications, speak 
the user’s language.  

As suggested by the groups, the dial pad is the primary page 
of the application and this was designed as seen in figure 10. 
To navigate between the pages, I used the items and symbols 
that the participants suggested. To clearly display the user’s 
joint number (location code and phone number) a design was 
made which can be seen in figure 10 under “Mi numero” in 
Contacts. 

 

Figure 10. Design choices made after the insights from the participatory design workshop.  
From left to right: Calling, Messaging and Contacts. 



Some functions were never suggested during the workshop, 
such as how to send a message. A design choice taken was 
to copy the send button from WhatsApp as it was familiar to 
the participants. See the design choice of send button in 
figure 11 (b) and WhatsApp button in figure 11 (a). Similar 
decisions were taken for other functions not suggested by the 
participants.  

 
Figure 11. Send symbol: Android WhatsApp (a) and design 
suggestion (b).      

Evaluation of the design 
After designing the application, I wanted to evaluate the 
usability of the application with users from other 
communities. Six tasks were performed in the usability test. 
The tasks were decided from what the participants in the PD 
workshop found most important. The task performed were: 
 

• Calling a number 
• Messaging a contact 
• Call the contact from an open message 
• Find a specific contact in the contact list 
• Find a particular conversation 
• Add a new number 

 

The users perceived the application as easy to use and 
understand. In the post-test survey, all six tasks were graded 
with a “Strongly Agree” on whether they were easy to 
perform. The users spent little time completing the tasks, also 
indicating a few usability problems. The users liked the 
interface. They all rated it high and had positive comments 
on it in the user dialogue. The time spent was approximately 
1,5 min in total on the six tasks (1 min being the shortest and 
2,5 min the longest). The thinking aloud tests also revealed 
that there were few usability problems.  

When looking through the screen-recordings of the 
interaction, I noticed that the users missed the shortcut of 
calling from an opened message see figure 14 (a). In the 
thinking aloud test, the users said that they went back to 
contact list, searched for that contact and then called the 
contact from there. This task also had the longest 
performance time. In the user dialogue, one user suggested 
that the phone symbol should be larger and additionally 
clarified by adding an indicating text saying "call". The user  
suggestion was included in the final technology 
implementation as seen in figure 14 (b). During the user 
dialogue another user suggested using two different symbols 
for different messaging options; a chat-bubble as a menu 
item for messages (figure 12) and paper and pen as a 
"creating a new message" button (figure 13). These user 
suggestions were also included in the final technology 
implementation. 

  
Figure 14. Calling a contact: first design (a) and second design 
(b).      

 
Figure 12. Navigation menu with chat bubbles for messages 

 
Figure 13. A symbol for creating a new message.  

The essential part of the evaluation was the user dialogue and 
anonymous open-ended questions. The tasks in the usability 
test were merely used to detect usability problems. When 
answering the open-ended questions regarding missing 
functions, one user wrote that he would like “a search bar 
for searching through contacts”. Another user stated, 
“sending pictures would be nice”.  

The assessment of local mobile devices showed that many 
people owned mobile phones that did not support features 
such as sending a picture. The mobile phone limitations were 
discussed in the user dialogues, and we agreed on possibly 
adding a “sending picture” feature for smartphone users 
when the most critical functions were working. The user 
dialogue and open-ended questions enabled the participants 
to answer more freely. As Buur & Bagger claims [4], a user 
dialogue exposes user priorities and practices enabling 
innovative engagement resulting in new design possibilities. 
The users took the involvement in the evaluation of the 
design seriously and had taken time off from work. The 
participants stated that they were excited about getting the 
application to work. One user said, “being able to call 
directly without being interrupted in the call is something 
that I like with this app”. Another user said “I like the 
symbols. It will be good for my father who can’t read. He can 
already make phone calls on my smartphone by looking at 
symbols”. Weeks after the usability evaluation, users 
continued contacting me with further ideas for the 
application, allowing them to appropriate and reflect over its 
usage. As Höök reflects  “applications we build will not 
make sense or have any meaning until users pick them and 
make them parts of their own practice, their own familiarity 
with their emotional, social, and bodily encounters with 
themselves and the world” [12:250].  



DISCUSSION 
The purpose of the field study was to gather information to 
build an application tackling some of the existing 
connectivity problems in Oaxaca. A specific aim was to 
make the app long-term sustainable. ICT4D projects tend to 
fail due to the designer's unsubstantiated assumptions of 
local technology and reality [12]. It was, therefore, necessary 
to understand the local environment and the actuality of the 
users. Conclusions from the PD workshop, interviews and 
user dialogues lead to the design of the app. Furthermore, I 
aspired for the design to be appropriated and enhanced by the 
users, as another reason for project failure is when local 
appropriation does not occur [18].   

In the communities where Rhizomatica had installed 
networks, the users described several issues they had faced 
when making a phone call. The users stated being interrupted 
in calls, that the network was occupied at times and that the 
steps to make a call were confusing.  Then there was the 
economic perspective; for some users, the phone calls were 
too expensive. The app solved these problems just by 
operating with internet and mobile data instead of 2G. 
Internet calls did not go through the same system as the 2G 
calls.  
The users suggested features for the app and how to prioritise 
them. Calling was the most demanded feature amongst the 
users, and the design of the application was arranged after 
that. However, user needs can change over time as social 
change occurs. In certain societies, calling has mostly been 
replaced by messages. Messaging features have further 
developed to include different media such as voice messages, 
videos and images. A decision was taken to implement a 
messaging feature in the app that only permitted sending and 
receiving simple text messages. As Rhizomatica continues to 
work with the communities, the organisation can have a 
dialogue with the users and implement features as the 
demands change. 

The participants from the workshop had previous experience 
with WhatsApp regardless of whether they had a smartphone 
or not. Mexico has one of the highest usages of WhatsApp in 
the world, and WhatsApp is also the most popular messaging 
application in Mexico [25]. The familiarity with WhatsApp 
was a valuable insight. Using WhatsApp design patterns 
facilitated the design process and enhanced usability.  

The participants in the PD workshop were engaged in 
making the application usable for all age- and user-groups. 
They showed an interest in developing the app as it was part 
of the community network that they managed. The users had 
great use of the existing 2G network and looked forward to 
low-cost phone calls without a time limit. 

It was difficult to contact the workshop participants 
beforehand due to connectivity problems. Interviews with 
Rhizomatica personnel who had visited Santa Inés de 
Zaragoza were used as a framework for likely contexts and 
situations.  The workshop was designed with these different 
settings and scenarios in mind. Planning for various 
situations, rather than improvising facilitated the workshop 

and unforeseen events were more natural to confront. The 
participants in the PD workshop chose to divide into two 
groups, rather than working individually, which resulted in 
two design suggestions instead of 10. There may have been 
a risk that the diversity of opinion was missed with this 
division. However, I think it was significant that the 
participants decided how to plan their work and there is no 
reassurance that more design suggestions would have 
derived from working individually. On the contrary, 
indigenous communities in Oaxaca value community 
institutions [27] and the entrepreneurial spirit is community-
, rather than individually-based [10]. 

Participants from one group in the PD workshop were less 
familiar with smartphones. These participants were 
somewhat unconfident in proposing design ideas and very 
unconfident in drawing examples. They did, however,  
verbalised some suggestions such as how the dial pad could 
look and how to send messages. Working in smaller groups 
and using more time for paper prototyping might have been 
needed. The participants could hear the discussions in the 
group with more smartphone users which could have made 
them less confident.  
A young female in a leading position is not common in the 
community and I, being a young female, could notice a 
sceptic attitude towards certain tasks. This attitude could 
have affected the commitment and the outcome of the PD 
workshop. It was noticeable that women in the workshop 
took fewer decisions than men. The women participating in 
the user dialogues talked more freely when being alone with 
me and they suggested essential design improvements. An 
equal amount of women and men engaged in the design 
process but the gender distribution was a bit uneven due to 
the effect of  PD workshop. For future PD workshops in 
similar settings, a combination with individual user 
dialogues is recommended to identify design ideas from all 
users and subsequently get a product that fits all. Bardzell 
states that using an participatory approach is a starting point 
for feminist HCI and that PD establish “a respect for the 
expertise of different perspectives, including non-
professional ones, regardless of backgrounds, status, and 
technical know-how”[1]. Bardzell also suggests that 
analysing the design and design process with a feminist 
approach could increase our awareness for surrounding 
issues of concern. Höök critiques Participatory design 
methods [14], saying that the participants creating the system 
may only represent a fraction of the future users. An attempt 
to avoid this problem was made by inviting people from four 
communities to the evaluation.  However, only four 
participants from different communities may not have been 
diverse and representative enough. Future research could 
benefit from a more substantial number of participants 
coming from even more communities.  
The user dialogue generated more insights and design ideas 
than the usability test in line with the studies of Buur & 
Bagger [4]. Weeks after the evaluation, users continued 
contacting me with further ideas for the application, allowing 
them to appropriate and reflect over its usage.  



Using several methods such as an open discussion, a PD 
workshop, usability tests, user dialogues and interviews was 
proven to be vital as they all gave insights. Furthermore, this 
combination was favourable as one method complemented 
the weaker outcomes of another. User dialogues encouraged 
women to suggest design ideas more than in the PD 
workshop. Still, the PD workshop was more in line with the 
community's entrepreneurial spirit, which was community-, 
rather than individually-based. 
The role of Rhizomatica 
Without the help of Rhizomatica, it would have been difficult 
obtaining information about the local context. Since 
Rhizomatica has a close involvement with the communities, 
there was a high trust between the organisation and the 
communities. Through Rhizomatica the communication with 
the communities was more accessible. When preparing the 
user dialogue and the usability test, one of Rhizomaticas 
employees helped to contact people from different 
communities without connectivity.  

For similar projects, I want to highlight the importance of 
working with a local organisation that has a trustful local 
reputation. Furthermore, the conditions for making the 
solution long-term sustainable are promising with 
Rhizomaticas involvement. Rhizomatica can continue to 
change and improve the application according to user needs 
allowing the design-actuality gap to be as small as possible. 
Local actuality varies with time, and if the application 
changes with it can avoid being abandoned [12].  
Benefits and limitations of the application 
The aspiration with the application was to enable the 
contributions that mobile telephony brings such as positive 
economic, social and political development [13:26]. 
Connectivity facilitates community organisation, personal 
and collective autonomy, and access to information [9]. 
Societies are based on communication, and the objective of 
the application was to contribute to social development. The 
main benefit of the application was that it was partly internet 
based, which eliminated the cost of making phone calls and 
permitted more users to call at the same time since it did not 
go through the same system that had a capacity of only 14 
calls at the same time. Another benefit of the application was 
to send messages without a cost.  

The limitations of this ICT solution are numerous. It is 
important to point out that this application is very simple. 
The limited functionality could be frustrating for users that 
are accustomed to WhatsApp and other communication 
applications. For example, listing missed calls is one of the 
more crucial features not implemented in the app.  Some 
users wanted a more modern way of sending messages, such 
as sending pictures and other media. As the most common 
phone device in the communities did not support sending 
pictures, the feature was not prioritised. When users receive 
an SMS, they can see the sender's name, the message and 
what date the message was sent. Details such as what time 
an SMS was sent was not implemented, which could be 
frustrating. The message function should be developed in the 
future for long-term usage. A fundamental problem that 

remains is network failure, a weather-related issue.  When 
the network is down, there is no possibility to use the 
application for contacting the communities. 

The application was created in a short time, and some 
functions were not finished. These features included; 
deleting a message, searching through the contact list, add a 
contact from keypad and message a new number (not saved 
in contacts). In dialogues with the users, they concluded to 
implement sufficient functionality to make a difference. In 
the future, features such as sending images and searching 
through contacts should be added.  
CONCLUSIONS  
The field study resulted in an ICT solution enabling low-cost 
phone calls without time-limits and allowing more users to 
call at the same time. Important context-aware design factors 
are using familiar symbols for people who cannot read and 
following design patterns of Mexicos most popular 
communication app; WhatsApp. Using a participatory design 
method helped identify design and technology solutions 
appropriate for the local reality. Selecting several methods 
during the field study proved to be vital as each method gave 
insights. Some methods complemented the weaker outcomes 
of others such as conducting user dialogues which enabled 
women to actively participate at a greater extent than in the 
PD workshop. Still, the PD workshop was more in line with 
the community's entrepreneurial spirit, which was 
community-, rather than individually-based. 

A limitation of the application is the simplistic features 
which could be frustrating for smartphone users. Features 
such as removing a message and searching for a contact were 
not implemented due to the short time left for developing the 
app. The users were interested and involved in the creation 
of the application and users continued contacting me with 
further ideas after the field study showing local appropriation 
and ownership. With the involvement of Rhizomatica, I hope 
that this solution will be long-term sustainable and continue 
to enable mobile connectivity to indigenous and rural 
communities in Oaxaca. 
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