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Abstract 

With the ever-growing smartphone display sizes since 2013, chances are most of 

smartphone or “phablet” users have difficulty using the whole area of the screen 

with a single hand. The Android application or app presented in this report aims to 

solve or at least lighten this burden using a mapped touch area on the bottom 

reachable part of the screen. This not only makes hard elements more easily 

reachable, but also helps the user avoid uncomfortable or risky smartphone grabs 

while in movement. Testing done with 10 people and a 6” modern device will show 

the impact of this implementation. The test subjects indicate a lighter use after 

getting over the training phase, which has a fast but steep learning curve.  

 

Introduction 

Ever since the introduction of modern smartphones in 2008, users have been very 

happy about having more visual real estate. Nowadays, this has become reality. 

Mobile devices come with every passing generation with larger screens. New 

smartphones have even thinner bezels to accommodate even larger screens than 

ever before. To ease the use of such large screens, software manufacturers keep 

Fitts’ Law always in mind, offering bigger screens and bigger UI elements. 

Using such large screens comes with a drawback, since there is only such an area 

that can be covered while interacting with the thumb. Interaction suffers from this, 

resulting in small areas that are covered, and a huge portion remaining unused or 

unreachable while holding the device with a single hand. 

A lot of work has been put into making this drawback minimal by using gestures, 

moving the most used elements on the reachable side of the screen or 

manipulating the size and/or position of certain UI elements. 

By resizing UI elements, or by making them bigger, the benefits of the bigger 

screens vanish or get minimized. The content is the same as with a smaller device, 

only larger. Also, introducing new elements, or changing their position, is not 
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always welcome from the users, which may be used to operating they’re 

applications a certain way. 

While trying to find a solution to these problems, this report focuses on the 

control of the upper half of the screen and tries to increase reachability, while 

offering a natural and comfortable usability. The UI change, also referred to as 

“TouchSquare”, is evaluated from 10 different users, in two different use case 

scenarios to show the impact and of this UI change related to the benefits reaped 

from its use. 

 

Motivation 

Since 2008 screen sizes of modern smartphones have nearly doubled in diagonal 

size, making them nearly four times as large as the first models. Such a huge 

increase is for the users and manufacturers costly usability wise. The motivation 

for this topic came from the everyday use cases: walking, holding a cup of coffee, 

transporting a laptop from room to room, eating, limits smartphone use 

drastically. The risk of dropping the device is also very evident and at some point 

inevitable. Following all these use case scenarios, TouchSquare aims to help the 

user by concentrating on a specific spot near the thumb and increasing the reach 

of it through coordinate mapping and helping achieve otherwise hard to reach 

portions of the screen. 

 

Concept 

The idea came from the laptops. The touchpad or trackpad, although small help 

reach all the possible pixels on the laptop screen using mapping and the cursor’s 

coordinate movement. The first concept was very rough around the edges, 

covering ¼ of the screen, specifically the lower-right portion. After discussing the 

concept with Prof. Kipp, the touch area was moved in the center, where it can be 

ambidextrous-ably reachable, both from the left side and the right side. The first 
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concepts also had some extra elements, which for the sake of time or better 

usability were discarded and/or changed.  

          

 Image 1. Enter/Exit Touch Area  Image 2. Look & Feel of the App 
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Image 3. Ideas for the Touch Surface 

The first ideas were mostly discarded to make place for newer ones, but they build 

a solid foundation for the next steps to come. At first the app was bland, and the 

touch area was not implemented in a correct position, where it could be used with 

ease.  
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The first concept had the touch are on the 

lower-right part of the screen. It is very 

hard to reach from left-handed people’s 

thumb, and it was rejected from Prof. Kipp, 

suggesting a more natural position and 

shape. While the shape can be very hard to 

implement and map, the position requires 

careful thought. It should be compatible 

with most users out-of-the-box, it should 

be big enough to get full thumb coverage, 

but not too big to cover most information 

on the screen. 

The next prototype used a better placement 

of the touch area and included squares to 

symbolize apps. The idea was to give the 

look and feel of a common app drawer, 

where top apps can be difficult to reach, a 

file manager, a gallery or other similar apps. 

Image 4. First Processing App 
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Following the first idea, but improving 

using the suggestions taken, the next 

draft of the app was created. The 

touch area is moved to the lower-

center of the screen, making it 

accessible and usable from both left- 

and right-handed people. Included in 

the image is also the list of pseudo 

apps which will then be used to 

implement the functionality and 

simulate a typical use case. On the 

left and on the right side of the touch 

area there is left over space which will 

then later be occupied with more 

functionality, also to simulate a real 

app and/or use case. 

 

 

 

 

Following the last draft, it was then moved on to extend the functionality and 

implement the required usage. To make the concept a bit more interesting, the 

app was build using challenges. Two challenges, one as a drag and drop 

simulation and the other one as a point and click one are used to test the app. 

Buttons and text were also added, also a main menu, where the user can choose 

which challenge to do first. When the user completes the challenge, they are 

rewarded with a “done” message and a point system. To properly give a score to 

the app, each user needs to run each challenge three times and try to achieve as 

much points as possible.  

Image 5. The next draft 
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Image 6: Main Menu 
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 Image 7: Point and Click        Image 8: Drag and Drop 
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       Image 9: Point and Click DONE  Image 10: During Drag and Drop 

After achieving this point, it was made sure the app runs stable and does not give 

any errors. The functionality was also improved to try and simulate a real touch. 

 

Implementation 

For the making of this app, Processing 3.4 was used with Android Mode 4.0.3 

(Android SDK). The installation is very easy compared to typical IDEs and switching 

modes can only be done with a click. Processing is one of the easier alternatives 

when it comes to Java programming, but nonetheless very powerful and offers a 

similar semantic to conventional Java. Processing also comes with very good 
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documentation and rich forums and blog posts. It is easy to find an answer to 

nearly every kind of question. 

The device used to test the app was a 2018 smartphone from Nokia (7 Plus), 

running the latest Android 9.0 Pie with the January update. Everything worked as 

expected and errors were recorded correctly. Exceptions were caught directly from 

Processing. Given that these come from the Java libraries, there is nothing 

exceptional to be mentioned.  

The challenge of programming the app begins with the smallest steps, but thanks 

to Prof. Kipp’s website, it is easy to get into using Processing. After the first steps 

have been done, the Processing documentation has a clear description of all 

default classes and methods with very well explained examples. 

To draw the touch area, the method rect(x, y, xSize, ySize) was used. This draws a 

rectangle with the starting coordinates x and y. The xSize and ySize are used to 

specify how large the rectangle will be. For our touch area the sizes are width/2 

and height/2 respectively. 

After that, it should be made sure that when the thumb moves on the touch area, 

the mapping has to move the cursor on the upper part of the screen. 

First draft: 

To do this, the coordinates of the cursor have to be changed from mouseX and 

mouseY to 2*(mouseX-x) and to mouseY-y respectively. This makes the x-axis 

movement much faster than the y-axis one, allowing the user to scroll horizontally 

over the whole length of the screen. 

After suggestions: 

The app was let to be tested from ten people just to get an overview of the basic 

functionality and overall ease of use. After having it tested from this number of 

people, some changes were made: 

- The size of the touch area was change from width/2 and height/2 to width/2 

and height/2-300px. This made it easier to reach the corners of the touch 

are and the mapped screen area. The mapping needed a change after this 
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and it was respectively 2*(mouseX-width/4) and (1.2*mouseY-(height/2)-

320). 

- Over the touch area a grid was added to better represent the upper part of 

the screen. For each challenge a custom grid was build and a toggle button 

was added. 

 

Image 11: Last version of the app with the size reduced touch area and the grid. 

The pseudo apps were created using a second class named PeudoRect. This class 

creates rectangles, gives them a color and a label. There are two colors for each 

app, the default one and the selected one. When the app is selected, the color is 

changed to give the user a feedback of success. Each app has a number and this 
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number is then randomly taken from the apps list and then it has to be interacted 

with.  

The app features a challenge concept to make it more engaging to the user. The 

user has to interact with the apps in the correct sequence and will therefore be 

awarded points. When the challenge is over the user will be greeted with a done 

message. The game is as long as the number of the apps. For the drag and drop 

challenge, only eight apps were used, but the challenge is a bit more complex 

compared to the simple point and click one, whose challenge includes 16 apps. 

 

Evaluation 

This experience was very enriching, and the whole concepts behind it very 

valuable and applicable not only in software development, but nearly every other 

area that has to do with interaction. The whole idea behind Finns’ Law is crucial to 

this paper and the design industry as a whole. Implementing this concept on a 

traditional environment helps give a more thorough understanding of it and to 

app creation in general. The challenges ran into also help on understanding how 

other apps and their design work, which is crucial to a software developer, either 

when trying to copy or implement an existing model, or when trying to create new 

design concepts or elements. 

Apps such as TouchSquare are not very straightforward and require a small 

amount of training or preparation in order to be used successfully. It is expected 

that more experienced users can work with the app using the direct mapping 

without needing to move the cursor to the desired position, then interact with the 

elements. In the long run, this app is thought to substantially improve interaction 

speed with the smartphone compared to typical one-handed usage. 

Some users found the app to be a bit harder to use because of miss-clicks on the 

apps. Contrary to a computer touchpad, TouchSquare uses direct mapping of the 

cursor, when the user moves their thumb from the previous position, the cursor 

moves with it. Less experienced users find this to be frustrating and confusing. 

Making the app more user friendly for these users would involve lowering the 
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speed of the cursor or introducing latency. The problem with latency is that more 

experience users, that can sense even the slightest delays, will sense this 

difference and may not like it. With more usage though, it is thinkable that these 

users would also adapt and reap the benefits of the features offered by the app. 

 

Future Work 

To be successfully and widely implemented, this concept needs to be fine tweaked 

and a lot more use cases have to be taken into consideration. The aforementioned 

issues could be resolved or settings for the application can be added to adapt the 

usage to most users. Mapping and speed can also be scaled using other variables 

that the user himself can set.  

When wanting to use this concept system-wide, the app would need additional 

permissions on the device. Displaying over other apps is not out of the box 

allowed for any apps and controlling the cursor directly also needs special 

permissions. These would need to be taken care of, if the concept would need to 

be developed further. 

 

Conclusions 

Large mobile devices and modern applications are at a point where most issues 

have been fixed, but a lot of work still needs to be done for this issue, especially 

when working with a single hand. While part of the screen can be reached with 

none or minimal effort, most of it still remains hard to reach in typical day-to-day 

scenarios. 

The concept and implementation of TouchSquare tries to help with the problem of 

reachability in the upper half of the screen for one-handed use. The testing 

showed that the app improves reachability in this section, reduces strain and also 

provides a much safer grip.  


