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Abstract. This article describes the creation of a mobile application through 
Design Thinking (DT), User Experience (UX) and usability guidelines 
approach in the undergraduate setting. The aim of this paper is to present the 
whole creative process involved in designing a mobile application, within the 
ideology of Design Thinking, which offers a comprehensive, reliable and, 
above all, simple experience. The app was built by a team of inexperienced 
undergraduate students in Computer Science, Computer Engineering and 
Design at the Federal University of Pernambuco, during a process that lasted a 
month. As a result, the application has obtained a high success rate, being the 
third most downloaded application of all genres in the first week it became 
available in BlackBerry Store, and also getting extremely high ratings by 
leading technology websites in Brazil. 
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1 Introduction 

This article focuses on the application of a method of Design Thinking (DT) along 
with guidelines of User Experience (UX) and usability in order to create a mobile 
application developed by a team of inexperienced undergraduate students in 
Computer Science / Engineering and Design. The final result had high success rate 
compared to other apps put to the same use – including an extra digit (the number 9) 
in front of mobile phone numbers for contacts of a specific region, according to 
changes in Brazilian telecommunications. 

The BlackBerry Tech Center in Recife has been given the task of developing such 
an application by BlackBerry Latin America. The big challenge was to offering a 
pleasant user experience, as other existing applications for the same functionality 
have accumulated several bad reviews (sometimes ranking below 3 stars in overall 
rating). There was indeed the need to use a design method that offers user-centric 
practices to stand out, and the extra issue of making undergraduate students with little 
or no experience in HCI come to understand these concepts. 
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In this scenario, creativity plays a central role in the process of developing an 
innovative solution/product, since without creativity there is hardly any potential for 
innovation [8]. A product is innovative when it is simultaneously desirable, feasible 
and viable. To achieve this degree of innovation it is necessary to apply creative 
processes of innovation, the Design Thinking process being a widely known and 
applied method. The purpose of Design Thinking is to generate innovative solutions 
based on the understanding of a problem. In the literature there are various models of 
design thinking advocated by different authors, but for this study researchers followed 
the model proposed by Brown [3]. However, a process that helps with creativity and 
innovation does not necessarily secure a great interface experience. 

Every single day, people go through different types of experiences, which may be 
positive or negative. In parallel, the effect of user experience directly influences the 
popularity and sales volume of the mobile phones [13]. Therefore, the experience of 
using a product can define whether it will continue to be used or not. Thus, within the 
mobile universe, studies of UX and its measurement are essential to the success of an 
application. One factor that influences the measurement of UX is the topic of 
usability, a quality attribute that assesses how easy user interfaces are to use [10]. 
Therefore, some guidelines were followed in order to achieve the initial goal of 
providing a great application, not only technically, but also regarding user experience. 

This study contributes to research on how to apply Design Thinking in an 
environment with undergraduate students of Computer Science and Design, in order 
to develop applications focusing on UX and usability. 

2 Background 

2.1 Design Thinking 

Design Thinking is a user-centered approach, meaning that in all phases the main 
actor is the user of the product, thus it is necessary a deep understanding of their 
needs and motivations. The main characteristics of Design Thinking is being human-
centered, optimistic, collaborative and experimental [1]. 

Design Thinking is becoming increasingly popular among businesses around the 
world and has been introduced in educational activities in Universities [5]. 

The absence of a process as DT is a possible cause for failure of a project [3]. 
Brown [3] also asserts that DT is "a way of describing a set of principles that can be 
applied by various people for a wide spectrum of problems". Given this context, 
Design Thinking is used as a model to encourage innovation and stimulate designers 
to systematically develop new solutions. 

Stages of the DT process can be grouped into three blocks, which Brown [3] 
defines as "Spaces of Innovation". The spaces do not have a fixed order, for one of the 
principles of DT is flexibility and might overlap temporally. Below, a diagram 
displays Brown’s model: 
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Fig. 1. Design Thinking Model [3] 

Before starting a project, the team should establish a design brief, a kind of 
summary containing general objectives and project constraints, such as target and 
competitors’ prices, available technology and market segmentation. The brief serves 
to initially direct the team to the path of the solution and provide a framework of 
where to start. Having defined the brief, the three spaces of innovation come along 
[3]: 

• Inspiration: The goal of this step is to understand the behavior and needs of users 
according to the defined problem. To perform this task, one must choose and carry 
out one or more qualitative research methods, such as observation, interviews, 
questionnaires, etc. 

• Ideation: With data as a result from the previous step, the team should generate 
ideas to solve the problem. There are several techniques that serve this purpose, the 
Brainstorm being the best known and probably most perform of all. The objective 
of this technique is to force divergent thinking, so that solution options are devised, 
initially with no worries about choosing the best fit the problem (this is reached 
through convergent thinking). After generating ideas, the team should meet with 
potential users and validate them – expose (not defend nor sell) their ideas and get 
real feedback. 

• Implementation: With a well- defined and validated solution, the team enters the 
prototyping process. Prototypes have the purpose of quickly validating an idea, so 
it must be simple and focused. Once the prototype, after a new round of 
validations, is approved by potential users, the team must refine it and turn it into a 
product/service. 

This article followed the method proposed by Brown [3] in order to use a creative 
process that could help in the development of the challenge solution. 
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2.2 Usability 

Usability is commonly comprehended as a qualitative attribute that assesses quality-
in-use or how easy application are to use [9]. The ISO (International Standard 
Organization) presents a set of usability guidelines, Nielsen [10] and Shniederman 
[11] being the most widely accepted, followed and cited in the specialized literature.  

Below, a table compares specific guidelines advocated by the mentioned authors. 

Table 1. Usability Guidelines by ISO, Nielsen and Shneiderman [9] 

ISO Nielsen Shniederman 
Effectiveness Consistency and standards 

Error prevention 
Strive for consistency 
 

Efficiency Flexibility and efficiency of use 
Aesthetic and minimalist design 
Help users recognize, diagnose, 
and recover from errors 

Design dialog to yield  
closure 
Offer simple error handling 
Reduce short term memory 
load 

Satisfaction User control and freedom 
Visibility of system status 
Match between system and the 
real world 
Recognition rather than recall 
Help and documentation 

Offer informative feedback 
Enable frequent users  
to use shortcuts 
Permit easy reversal of  
actions 
Support internal locus  
of control 

These guidelines are to be applied to systems in general (e.g.: software and 
websites). Concerning mobile application development especifically, other works 
may be used as references, i.e. Gong [7] guidelines, explained below: 

• Consistency: The “look and feel” should be the same across multiple platforms and 
devices. Consistency takes on an additional dimension with mobile applications: 
the consistency across multiple platforms and devices for the same application. 

• Reversal of Actions: Mobile applications should rely network connectivity as little 
as possible 

• Error prevention and simple error handling: Nothing potentially harmful should be 
triggered by too simple an operation (e.g., power on/off) 

• Reduce short-term memory load : Rely on recognition of function choices instead 
of memorization of commands and use modalities such as sound to convey 
information where appropriate 

• Design for multiple and dynamic contexts: Allow users to configure output to their 
needs and preferences (e.g., text size, brightness); Have the application adapt itself 
automatically to the user’s current environment 

• Design for Small Devices: Provide word selection instead of requiring text input. 
• Design for limited and split attention: Provide sound and tactile output options. 
• Design for speed and recovery: Allow applications to be stopped, started, and 

resumed with little or no effort; Application should be up and running quickly. 
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• Design for “top-down” interaction: Present high levels of information and let users 
decide whether or not to retrieve details. 

• Allow for personalization: Provide users the ability to change settings to their 
needs or liking. 

• Design for enjoyment: Applications should be visually pleasing and fun as well as 
usable. 

This work followed the guidelines proposed by Gong [7], Shneiderman [11] and 
Nielsen [10], aiming to develop an app with good usability and, therefore, good user 
experience. 

2.3 User Experience 

Basically, the user experience refers to the feeling a person has while interacting with 
the product under particular conditions. There are several types of people, products 
and environments that influence the interaction [2]. According to Yong [12], studying 
user experience is studying how users feel about a product, before, during and after an 
interaction. 

The user and the product interact in a particular context where social and cultural 
factors must be taken into account. The user has the following psychological spheres: 
values, emotions, expectations and previous experiences. The mobile device also has 
factors that influence the experience, such as adaptability and mobility. All these 
factors influence the user - product interaction [2]. Thus, a more rigorous research on 
the development of an evaluation of user experience is necessary to achieve an 
understanding of which product features evoke emotional responses from the user and 
whether this response is positive or negative [12]. 

Chen [4] developed a four-dimensional user experience assessment system, which 
consists of analyzing the following aspects: user, application, device and contextual 
parameters. In relation to the user, it refers to their expectations and humor, and how 
it affects the experience with the system. The application aspect refers to the visual 
properties, functionalities and interactive actions. Context is defined as the 
combination of the social environment the user is in, the device environment the user 
is in and the task he performs at that time. The model proposed by Chen [4] consists 
of a number of criteria and sub-criteria (shown in the image below) to evaluate the 
user experience, all of which can be calculated quantitatively. Follows a template 
image and their criteria: 

 

Fig. 2. Analytic Hierarchy Process 
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This article followed the method proposed by Chen [4] with the objective to assess 
quantitatively whether the application offers a pleasant experience. 

3 Methodology 

To achieve the proposed objective, a number of Design methods were chosen. The 
described approaches aided the development of the application, taking into account 
the semi-homogeneous (computing and design) and inexperienced (undergraduate 
students) profile of the team. The entire development process lasted one month. The 
following topics describe the reason for the choice of each approach and a synthetic 
evaluation of how they were used. 

─ The user- centered method chosen was Design Thinking. This choice was due to 
the fact of Design Thinking is an already established method accepted in the 
literature, and is very structured with specific techniques for each stage. Since  
the development team involved in this study was quite inexperienced in relation to 
the methods of user-centered design, it became necessary to choose an author 
whose proposed method would fit that context. The method proposed by Brown [3] 
is simple (has few steps), easy to understand and starts with a Brief (the team 
already had a starting point that was established by BlackBerry). Besides, the 
method also incorporates a stage of implementation, making it possible to easily 
adapts to the IT reality.  

─ Usability: With the goal of developing an application with good usability, the 
guidelines proposed by Shneiderman [11], Nielsen [10] and ISO [6], as they are 
currently the most widely accepted and used. However, because these guidelines 
are aimed at systems in general, there was the need to assure applicability to the 
mobile universe, and were further complemented by the guidelines proposed by 
Gong [7]. 

─ In order to achieve the goal and offer a pleasant user experience, we chose the 
model of Chen [4]. This model was chosen because it has effective assessment 
methods, needed to test the adequacy of the product to the original aim.  

Regarding data collection, user tests were held. The tests were done with 5 people 
aged 19-25 years and are better described in the following section.  

3.1 About Brasil +9 

The application came from a real need in the market, because due to growing demand 
for mobile service in Brazil, the Telecommunications Regulatory Agency (ANATEL) 
initiated implementation of a ninth digit to the left of the current mobile numbers. 
This change will affect all states in Brazil by 2016. 

In this scenario, BlackBerry Tech Center Recife was asked to develop a mobile 
application for the BlackBerry 10 (BB10) platform that would allow users to add the 
extra digit (always a number 9) to the existing numbers in their phonebooks. The 
challenge was to create the best possible user experience in order to make users feel 
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secure and trust the application through a simple and intuitive interface, allowing it to 
modify the mobile numbers of registered contacts. 

Basically, the application works as follows: it filters mobile numbers from the 
affected regions registered in contacts. The following screen shows a list of all 
numbers that will undergo modification, along with a checkbox next to each of them – 
unchecking the box means users do not wish to modify that number. After user 
confirmation, the application changes all selected numbers. If user wants to undo the 
operation, the application provides a backup of the data for this purpose, returning 
easily to the original numbers. 

Finally, after a month, Brasil +9, the application in question, was made available 
for free on BlackBerry World (BlackBerry’s native app store). In the first week of 
release, it reached the 3rd position in Free Apps from Brazil and was also news of a 
major Brazilian webpage about technology, TechTudo. Their assessment gave 
Brasil+9 top marks in the following topics: interface, usability, performance and 
functionalities, a 10 out of 10 in every single aspect. Brasil +9 met the initial goal, 
thus serving as a simple, intuitive and pleasant app for users who wish to add to the 
ninth digit to numbers in their phonebooks. 

3.2 Development of Brasil +9 

Brasil +9 was developed following the three spaces of innovation proposed by Brown 
[3] Design Thinking: inspiration, ideation and implementation. 

•  Inspiration: This project started with a brief proposed by BlackBerry with 
information about: price (free) application for users, the platform used 
(BlackBerry), purpose of the application (add the ninth digit to specific mobile 
numbers). After all staff was aware of the brief set, research took place intending to 
find out what users needed in such an application and gather information as to what 
did already exist in the market. As a result, the following aspects were identified: 
existing applications do not have an appealing user interface; systems were 
generally slow; existing application did not identify certain types of numbers; as 
well as several minor programming bugs. With so many applications that promoted 
a bad user experience, the team feelt the need for an application that could be 
trusted and recommended by users. This first stage took one week. 

• Ideation: After the team discussed the information collected, a persona was created 
based on the data and team arrive at the challenge of "How might we offer a 
pleasant user experience while using the application?”. Having defined the 
question, the round of ideation began, using the technique of the morphological 
box. This technique is appropriate to settings of semi-homogenous profile teams. 
As a result, 6 ideas were generated. The team met potential users and validated 
their ideas and got real feedback .This phase lasted 2 days. 

• Implementation: After selecting which idea would be implemented from the results 
of previous validations, the question was how to implement it in a way to promote 
great user experience. The previously detailed usability guidelines were observed 
by the team when developing prototypes, and soon after tests were conducted in 
order to verify that the provided experience was pleasant. After surveying the data, 
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developers set on to writing the program code. The following topics describe in 
more detail how the matters of usability and user experience was approached. This 
step took 3 weeks. 

Usability Guidelines: While developing the prototype, some issues that arose 
rearding usability were addressed accordingly to the guidelines proposed by Gong [7] 
and Nielsen [10] and are explained below: 

• Consistency / Consistency and standards: All icons follow the BlackBerry interface 
standard (similar to previous platforms BBOS 5,6 and 7) 

• Reversal of actions: The application does not need the internet to operate. 
• Error prevention and simple error handling: Confirm boxes, checkboxes and 

backups to easily restore user’s data. 
• Reduce short-term memory load/ Recognition rather than recall: Using the same 

icons as the native system keeps the application familiar and helps the user apply 
previous knowledge. Moreover, the complete flow only requires 3 steps, which 
lowers to need to remember or memorize key actions. 

• Design for multiple and dynamic contexts: This options was not implemented due 
to the short deadline to deliver. 

• Design for small devices: There are no text inputs, only checkboxes.  
• Design for limited and split attention: The application requires only a few 

confirmations and checks throughout the whole flow and runs in the background 
doing the vital changes while the user is free to engage his attention elsewhere, 

• Design for speed and recovery/ Help users recognize, diagnose, and recover from 
errors: The app is fast when applying changes and offers the confirmation boxes 
and recover system, allowing to undo actions. 

• Allow for personalization/ Flexibility and efficiency of use: The personalization 
was not addressed because this was not an observed user need during the 
Inspiration stage and subsequent validations. All personalization necessary was the 
fact of adapting and transforming the numbers of the user’s own phonebook, which 
is very personal by definition. 

• Design for enjoyment / Aesthetic and minimalist design: The interface provides 
key contrasting colors for essential traits (such as progress bar) and uses ludic 
characteristics (e.g.: graphic icons and background). 

• Visibility of system status: The application highlights in which of the three steps 
the user is in with the above mentioned progress bar. 

• Help and documentation: The development team published a contact email and an 
error report and helps occasional doubts personally. 

• User control and freedom: Users are informed throughout the whole process of the 
changes that will take place and must confirm and opt in for it to happen. Nothing 
happens without the user`s consent. Users are also free to check/uncheck contact 
numbers to be changed.  

• Match between system and the real world: Images used in app are easily identified 
and related to real word settings (e.g.: contacts are represented by woman / man 
icons, regions are represented by their respective maps, the brand logo is based on 
Brazil’s flag). 
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After creating a paper prototype following the above guidelines, usability tests with 
users were conducted through the app Rabiscapp (turns sketches into functional 
prototypes, present in BB10 and iOS application stores). The tests were carried out 
with 5 people and they approved the usability of the application. 

User Experience Guidelines: After usability testing, the final step was to verufy 
whether the application actually offered a pleasant experience with the final product, 
before store relese. An adapted the model of Chen [4] was used; in this questionnaire, 
users had to attribute a 0-10 score regarding the main criteria that influence the 
experience: how much they need the application (Needs), if the application meets its 
functionality (Functionality) ,whether it has an intuitive and  interface (Interface), if 
the settings of the BlackBerry 10 mobiles Z10/Q10 are sufficient for using the app 
(Device), if the speed of BB10 meets the app requirements (Operational System - 
OS), if the user can perform other tasks while using the app (Task) and, finally, 
finally whether the place where the user is in might interfere with the use of the 
application (Environment). The following table shows the criteria for evaluation and 
the scores for each aspect according to users A-E: 

Table 2. User experience test scores for each aspect  

Users Needs Functionality Interface Device OS Task Environment 

A 10 10 10 10 10 7 8 

B 10 10 10 10 10 9 10 

C 9 10 10 10 10 7 10 

D 10 10 10 10 10 10 10 

E 9 10 10 10 10 10 10 

Average Rating 9.6 10 10 10 10 8.6 9.6 

4 Conclusion 

As shown in this paper, Brasil +9 was developed by undergraduate students who 
followed the creative approach of Design Thinking, focusing on the issues of usability 
and user experience. 

The application proved to meet its goal, having excellent ratings with users during 
tests, performed by the team or other agents (specialized magazines). There were no 
grades below 7. However, the experience of using the application as a secondary task 
(use it while doing another task) did not achieve an excellent grade, which may occur 
for several reasons such as users getting impatient, not feeling comfortable to leave 
the app running in the background and a need to rework aspects of  the " Design for 
limited and split attention" guideline. Those reasons would need to be further 
investigated in future works. All usability guidelines were observed, but the "Allow 
for personalization / Flexibility" and “Design for limited and split attention” could be 
improved. At any rate, only the latter had a negative impact on user experience. 

As a result of the careful procedures undertaken, Brasil +9 application has 
reached the 3rd position in Free Apps downloaded in Brazil in BlackBerry World, and 
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was also news of a major Brazilian webpage about technology, Tech Tudo, receiving 
top marks in all topics, which included interface, usability, performance and 
functionality. The app is currently listed with a maximum evaluation score, 5 out of 5 
stars, in the store. As the reviews were composed by users, this is yet another 
indicator that the application met the challenge of offering a pleasant experience. 

Therefore, according to the process described in the article, it is also possible to 
conclude that one can successfully insert the Design Thinking along with User 
Experience and Usability guidelines in a development environment with IT 
undergraduate students with no experience in design methods. 
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