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Introduction

Digital games have become a major technological force, given the evolution in computational power employed in it. Such area has exceeded the limits of entertainment and have become educational, simulation and even sports tools. Many innovations have been proposed for new game interfaces, mostly focused in gesture and body movement interpretation and motion based sensors, such as accelerometers and gyroscopes [START_REF] Tara | A suitability evaluation of controlling 3d map viewpoint by gamepad orientation for remote navigation[END_REF]. However, the paradigm of the traditional gamepad has proved to be irreplaceable, with most console games still relying on it.

With all this evolution going on in digital gaming environments, gameplay controllers also go through evolution, though not as drastic: controllers, also known as joysticks or gamepads, have undergone some changes over the years, receiving more buttons, features, components and devices. Thanks to its dynamics (like touchscreen, Wi-Fi/Bluetooth connection, sensors, etc), smartphones have become universal controllers. Among the various types, video game controls are included. Although they have the potential to control games due to the various components present in their hardware and software, smartphones have a major disadvantage: the lack of tactile feedback. Due to the lack of physical buttons where the user can feel a return of the action being performed, the number of times he needs to look at the screen is greater than when a joystick is used, which can directly result in his performance during a game [START_REF] Baldauf | Investigating on-screen gamepad designs for smartphone-controlled video games[END_REF].

This work seeks to use a design technique that allows generating a great amount of ideas in a short period, making designers to immerse themselves in the proposed subject and thus develop solutions to the problem. Therefore, we chose Design Thinking as method because it meets these requirements and it allows to understand user needs and understand their principle problems in daily life [START_REF] Lugmayr | Applying design thinking in the context of media management education[END_REF]. Based on studies and researches on the various types of controllers for video games in the market and in the literature [START_REF] Baldauf | Investigating on-screen gamepad designs for smartphone-controlled video games[END_REF][9][2] [START_REF] Torok | Smart controller: Introducing a dynamic interface adapted to the gameplay[END_REF], this work seeks, through applying Design Thinking techniques, to discover the strengths and weaknesses of existent controllers and propose one or more controllers that can be used by lovers of digital games, casual gamers and even people who do not play at all. This paper is organized in four sections, including the introduction. In Section 2 we present the works that relate to this. In Section 3 we describe the methodology and results. Finally, in Section 4, we conclude, summarizing our contributions and sharing new research questions and future work.

Related Work

When searching for images using the word "joysticks", you can find various game controllers with different formats, sizes, number of buttons and connection systems with devices that are controlled. These devices began their career by being just a little box with a button and a lever, then getting added action buttons, directional buttons, until they have wireless connections, motion sensors, and tactile screens [START_REF] Cornish | History of the video game controller[END_REF]. Nintendo's latest innovative invention relies on cardboard and user creativity to build its controllers, called the Nintendo Labo for Nintendo Switch [START_REF]Nintendo: Nintendo labo for the nintendo switch[END_REF]. Some solutions for virtual controllers have been developed to help the player deal with the lack of tactile feedback, as can be seen in Figure 1. Companies have developed controllers that communicate with smartphones via Wi-Fi or USB connections so that the player is able to perform action on games for mobile devices with greater excellence.

In his work, Baldauf et al. [START_REF] Baldauf | Investigating on-screen gamepad designs for smartphone-controlled video games[END_REF] did a comparative laboratory study where four gamepad designs were developed using a framework created by the authors for touchscreen smartphones, which are equivalent of existing controllers and have been tested in two popular games: the arcade game Pac-Man and the platform game Super Mario Bros. This comparative study was done seeking to make evident what the main characteristics that users would realize that physical and virtual controls have different and in common with each other.

After the application of tests with users, several participants related the gamepad with the respective physical controllers and mentioned the negative lack of tactile feedback. The post-test comments included that the buttons were Fig. 1: Some models of mobile controllers: 1) Grayhaus Brick Joystick [START_REF] Designboom | Grayhaus brick joystick[END_REF]; 2) Ipega 9021[7]; 3) Moga Hero Power [START_REF] Moga | Moga hero power[END_REF]. difficult to reach precisely, that the especially opposite directions were difficult to press, and thus, the looks at the device were necessary. This is the main point raised in surveys that consider the use of virtual controls. On the other hand, it was said that the control that had movement sensor and device rotation can be interesting in games that require the player to perform such movement, as in racing games, for example.

Meanwhile, Merdenyan et al. [START_REF] Merdenyan | User reviews of gamepad controllers: A source of user requirements and user experience[END_REF] review the gamepads of four video games (Logitech Gamepad F310, Microsoft Xbox 360 Controller for Windows, Dual-Shock 4 Wireless Controller for PlayStation 4 and Wii Classic Controller Pro) by users to investigate which improvements are required in their designs. The content was taken from user ratings posted on 'Amazon.com' through December 15, 2014. The sampling policy for reviews was: twenty comments for each of the four gamepads were sampled using Amazon.com's "Most Helpful First" review criteria and only the 50-500 word evaluations were sampled. The collected data revealed that the main characteristics raised on the controllers were: battery life, comfort, compatibility, durability, ease of use, functionality, layout (button positioning), quality of the material, recognition, responsiveness and user manual.

Through research carried out in academic search libraries such as Google Scholar and the ACM library, we sought to find design thechniques focused on solutions for game controllers interaction. Although we could find works using Design Thinking techniques in the area of Game Design [6][4], there were no studies related to the use of Design Thinking process applied to the design of game controllers. In this direction our work describes the experience obtained and the lessons learned in using the Design Thinking process to create a unique game controller.

Design Thinking Application and Results

In order to find out a game controller solution that is capable to fit all kind of games interaction and still pleases its players, a study was conducted using Design Thinking as a methodology. The Design Thinking refers to the designer's way of thinking, which uses abductive thinking. In this type of thinking, it is sought to formulate questions through the apprehension or understanding of the phenomena, that is, questions are formulated to be answered from the information collected during the observation of the universe that permeates the problem [START_REF] Plattner | Bootcamp bootleg[END_REF].

Over the years, several models and pipeline proposals of Design Thinking have emerged, where each one seeks to better suit the profile and the research environment. To perform this work we used the model proposed by the Stanford d.school [START_REF] Plattner | Bootcamp bootleg[END_REF], chosen for its level of detail of processes and ease of understanding. The pipeline proposed by d.school consists of a few steps, where each step is composed of one or more techniques. Figure 2 shows the pipeline used in the design of the gaming controller. It is important to say that though we have presented this pipeline as a sequence of activities, this is not mandatory and the activities can be combined according to each project needs. 

Empathy and Immersion

The first step is called "Empathy and Immersion". At this point the project team approaches the context of the problem, both from the point of view of the designer and the end user. In order to empathize with the subject and immerse it in it, three techniques of this first stage of Design Thinking process were used: the DESK Research, where it is sought to find general knowledge about the subject matter; the Empathy Map, an artifact constructed with the purpose of knowing better the aspects related to the interaction between the user and the research environment; and the "One Day in Life", which consists of living a day in the skin of the player, seeking to understand their feelings and thoughts.

When performing the DESK Research, mainly using the material described in the related work section, some relevant data were collected. Joysticks are important tools in the world of virtual games, responsible for giving the player control of actions within games. It is this tool that integrates and separates, at the same time, the player from the virtual world. The first joysticks consisted of two boxes with two switches (for rotation and acceleration) and a firing button. Over time, the controllers have grown and evolved, gaining directional buttons, motion sensors, touchscreen contact areas and several other features [START_REF] Cornish | History of the video game controller[END_REF].

After that, we considered an Empathy Map workshop with stakeholders (researchers engineers, designers, gamers and non gamers participants). Empathy maps focus on identifying what other people are thinking, feeling, doing, seeing, and hearing as they engage with a product or service. Findings obtained when creating the map are found in Figure 3. However, while we felt like this tool was helpful in isolating their interaction with a product, we thought it lacked the context of real-life or real observation on the activity of playing. Because of this, the second technique, called One Day In Life, was applied. Seeking to immerse in the lives of players using multiple controllers, four models of joysticks were used to control games: Nintendo 3DS controller, Steam controller, DualShock 4 for PlayStation 4 and Xbox One controller. Some random games were played, like Portal 2, Pokemon X and Super Mario Bros using the controllers that can be seen in Figure 4. Given the variation between the number of functionalities, the layout of buttons, shape and size of the controller, some evaluations were carried out. Two of the researchers owned video games. Seeking a way to make the search valid, gamers have played games with controllers they are unfamiliar with. Researcher 1 (R1) owns a Nintendo 3DS, while Researcher 2 (R2) owns a PlayStation 4. Thus, R1 used the Steam, Xbox One and PlayStation 4 controllers to play, while R2 used the Steam, Xbox One and Nintendo 3DS controllers. A volunteer (V1), who owns the Steam and XboX One controllers, also participated in the research, running games using the Nintendo 3DS and PlayStation 4 controllers. After being tested with all controllers, the researchers and the volunteer responded to a questionnaire which was assessed using the Likert 7-point scale.

The following aspects were analyzed: Q1: Did you feel comfortable using the controller? Q2: Did you find the button layout pleasant? Q3: Did you find the size of the buttons reasonable? Q4: Would you use this controller regularly while playing? Q5: Did you find that the controller is ergonomic?

The results can be found in the table below. Each controller received a note from two different evaluators who did not have contact with that type of controller previously, avoiding the introduction of bias in the evaluation. The Nintendo 3DS and Steam controllers achieved lower scores when compared to the Xbox One and PlayStation 4 controllers: on ergonomic issues, button size, and hence comfort, the Nintendo 3DS is rated with low scores. The Steam controller achieved a good ergonomics rating but was unable to please players over the good response in-game. The Xbox One and PlayStation 4 controllers had high ratings and almost all the requirements, pleasing the evaluators.

Definition

The second stage of Design Thinking is called Definition. It consists of synthesizing the findings of the empathy process into compelling needs and insights. It is a mode of focus rather than flaring. The purpose of the definition is to develop a deep understanding of users and the design space and, based on this understanding, present a statement of the problem -the Point of View (PoV). The Point of View defined for our research was created following the findings in the Empathy and Immersion stage, and consists of the following sentence: "A player needs good controller because he seeks to achieve good performance, overcome obstacles in games, achieve goals and feel comfortable while playing with his/her friends".

With the PoV in mind, together with the insights gained from the Empathy and Imersion techniques, a Persona was defined so that it became possible to study in more detail the needs of the player. This persona-player had experience in several different platforms of video games, being they PlayStation 4, Xbox One, Nintendo DS and Computer. More details can be found in Figure 6. In addition to the persona, a Conceptual Map (the Mental Map) was also defined, in which the characteristics related to the research environment were listed. The Conceptual Map is a graphical view, built to simplify and visually organize data at different levels of depth and abstraction. Its purpose is to illustrate the links between the data and produce new meanings that are extracted from the information raised in the initial stages of the Immersion phase. It can be found in Figure 7. 

Ideation Workshop

After all the constructions in the topic of Definition, we move on to the next step of Design Thinking: Ideation. At this stage a workshop was developed with engineers researches, designers, players and non players partipants. This workshop was a way to make all participants feel more integrated with the subject and also to state their opinions and develop solutions in creative ways.

At the beginning of the Workshop participants were presented with what was the subject of the research and what was the purpose of that activity. The Point of View developed in the Definition stage along with the Persona that they should be basing to develop the desired solution were presented. Both are important to make participants assiduous of the research theme. Next, some existing game scenarios were presented. These scenarios allowed participants to know that the controllers developed by them should work perfectly in all types of games, such as action games, adventure games, sports games and other.

To begin the practical part of the Workshop, participants were grouped into two groups. There were eight participants, among them, six men and two women, with ages between 20 and 30 years. Of the participants, only two did not have contact with digital games.

The first activity developed was Brainwriting [START_REF] Paulus | Enhancing ideational creativity in groups. Group creativity: Innovation through collaboration[END_REF]. Brainwriting is a variation of Brainstorming that allows a group to be able to generate a lot of ideas in a short period of time. In this activity only one sheet of paper, pencil and eraser is used, and the participants' creativity is stimulated. For this activity, each of the groups with four members of each group was responsible for writing, on a blank sheet, the requirements that they believed a controller must possess in order to be able to perform all the necessary activities within a game. After two minutes of thinking and writing a requirement, the members switched the sheets clockwise. Each member of the group who received a sheet from his colleague had to examine the requirement that the colleague had written, comment below whether or not he agreed with him and why, and then add another requirement to the paper. After completing the cycle, the Brainwriting stage was completed and the group was able to discuss the results written on each sheet.

The next step was Braindrawing [START_REF] Paulus | Enhancing ideational creativity in groups. Group creativity: Innovation through collaboration[END_REF]. Braindrawing is also a variation of Brainstorming, where participants had to draw what they believed a video game controller should possess. As in Brainwriting, the members of each group had a limited time to design components of a video game controller, and after the time ended, the participant at their side had the task of supplementing the controller that he started. At the end of the cycle, a totally new controller was generated.

After the Braindrawing, each group met to discuss the results of their texts and drawings, pick up pertinent points, and perform a Brainstorming. The idea here was for each group to unite their findings and generate a single result that encompasses all or a large part of the results they found during Branwriting and Braindrawing. After Brainstorming, the groups presented the results to the rest of the classmates: each one exemplified his solution to the problem, where a controller could adapt to the varied contexts of the games. Figure 8 shows their solutions.

Fig. 8: Group 1 and Group 2 solutions.

Prototyping

Based on the results generated in the Workshop, we analyzed and selected interesting components of each idea generated. It was possible to notice that participants prefer physical controllers to virtual ones, given the lack of tactile feedback from the second, but the participants were tempted to integrate both controller models to form a single component. The first one was called "Modular Controller", which makes it possible to create your own physical controller while a smartphone runs a virtual controller application. The second solution was named "Gamer Case". Both of them are shown in Figure 9. The Modular Controller is summarized in a physical base of joystick as already known, but empty. In its central region there is a space where you can deposit your smartphone, running software that simulates a gamepad virtually. The innovation of this controller comes in modules that can be plugged into your controller, which can be developed into a three-dimensional modeling software and printed on a 3D printer, fully functional for the controller you need to use. This module has buttons with suction cups that, when they fit in the space that contains the smartphone, touch the screen of the device and perform the actions that it should do individually. This solution is versatile, since you can assemble your own controller and also solves the problem of the lack of tactile feedback that the virtual controller has. It is important to note that the joystick casing does not work separate from the smartphone: it is only a support for the phone, being the true game controller.

The solution that the Gamer Case provides is to try to solve the lack of tactile feedback that digital controls have, as mentioned in Baldauf et al. [START_REF] Baldauf | Investigating on-screen gamepad designs for smartphone-controlled video games[END_REF], that is, the user can not realize that he is actually pressing a button on the virtual control. Thus, using a 3D printer, for instance, it is possible to print punched transparent films with the format that suits the virtual controller software (cross, d-pad, buttons, etc.) and place it on top of the device, leaving only exposed areas which must be clicked by the player (see Figure 10). In this way, the user can feel if he is actually touching the correct area of the controller, increasing his performance when performing the actions within the game.

Experimental tests

In the testing phase, as follows the Design Thinking pipeline chosen by d.school, the Gamer Case solution was implemented so that some informal tests could be performed. Before starting the tests, participants were given a User Profile questionnaire to fill out. At the end of this questionnaire the tests were started.

For the experiment, 12 people with age group between 18 and 60 years of age participated. Among them, 67% were male and 33% were female, 11 had smartphones for more than 2 years and 42% of the participants have a habit of playing. To perform the tests was used a smartphone Zenfone 3 Zoom with 4 GB of RAM and 64 GB of internal storage. In it was run a software that simulates a virtual controller called PC Remote [START_REF]Monect: Pc remote[END_REF], which connects via Wi-Fi with a computer that, in turn, runs the game. Players could choose between playing Sonic The Hedgehog (Master System) or Super Mario Bros (NES). Figure 10 shows both the virtual controller and the Gamer Case. In the first phase of the tests, the player was responsible for playing, for five minutes, the game of his preference using the smartphone without the Gamer Case. In the second phase, the Case was placed on the smartphone and it resumed the game for another five minutes. After completing the tests, an informal questionnaire was made available so that users could evaluate the two ways to use the controller. Figure 11 shows two users playing Super Mario Bros using the controller with and without the Gamer Case solution.

Given the participants' responses about controller without the Gamer Case, 83% stated that they felt uncomfortable using it, 58% stated that the controller Fig. 11: Player using the virtual gamepad without (left) and with (right) the Gamer Case. is user-friendly but could be better, and only 8.3% gave a grade 4 (on a scale of 1 to 5, where 1 is too bad and 5 is too good) for the controller, 33.3% gave a grade 3, 50% gave a grade 2 and 8.3% gave a grade 1. Meanwhile, when using the controller with the Gamer Case, 58.3% felt very comfortable using it, 91.7% managed to perform the tasks properly and 50% evaluated it with the maximum score.

Final Considerations

The main contributions of this work are the use of the Design Thinking methodology for the development of new ideas and solutions for game controllers that can help the player to have a better experience when playing.

Existing controllers have great similarities but also diverge on some points that can leave the user a little confused when using them after getting used to another. Virtual controllers, despite using innovative technologies such as the gyroscope and the accelerometer, have one major disadvantage: the lack of tactile feedback. With this work, as already observed in previous works [START_REF] Gonçalves | Understanding user experience with game controllers: A case study with an adaptive smart controller and a traditional gamepad[END_REF] [START_REF] Torok | Smart controller: Introducing a dynamic interface adapted to the gameplay[END_REF] we realized that the participants prefer a physical controller to a virtual one. However they did not fail to integrate the two solutions.

By using the techniques of Design Thinking, it was possible for a group of people to develop a solution that would unite both the physical and virtual approaches that a video game controller can have. All the steps: Empathy and Immersion, Definition, Ideation Workshop and Prototyping were followed seeking to develop an interesting and innovative result. Based on this, the Modular Controller -a modular physical controller that can be integrated and built with the help of mobile devices and customizable modules -and the Gamer Casea case for smartphones that suits the screen leaving only touchable where the user has to touch -were created, making the experience that the player can have something totally new.

By understanding how to design innovative game controllers, the Design Thinking techniques used in this process shown to be efficients to alternate between moments of focusing and spreading ideas. Therefore, with this study we find in the techniques of Design Thinking support to develop two innovative solutions in a short period of time and in a simple and inexpensive way.
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 4 Fig. 4: Game controllers observed. From left to right: Nintendo 3DS, Steam, PlayStation 4 and Xbox One.

Fig. 5 :

 5 Fig. 5: One Day in Life results.

Fig. 6 :

 6 Fig. 6: The persona developed in the definition phase.

Fig. 7 :

 7 Fig. 7: The mental map used in the definition phase.

Fig. 9 :

 9 Fig. 9: The "Modular Controller" and the "Gamer Case".

Fig. 10 :

 10 Fig. 10: The Gamer Case and the virtual gamepad.