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A B S T R A C T 
"FAMOS" is a research study to improve scroll interactions on mobile devices. Scroll 

interaction can be very tiring for the thumb, especially on large cell phone screens. 
The aim of the present work is the conception and prototypical implementation of 

alternative scroll interactions with the help of smartphone sensors and multitouch. 

By increasing the scroll distances and reducing the number of interactions and 

interaction time, mobile scrolling should be made more effective. In addition to the 

conventional scroll interaction, three alternative scenarios are presented. A 
concluding user study enables correlations between time and scroll distances as 

well as a speed comparison between the conventional and the developed scroll 

interactions. The prototypes were developed with Processing for Android and were 

tested on a 5.7" Motorola moto G6. 
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M O T I V A T I O N 
The motivation of the present work is to investigate an interaction from everyday 

life and to improve it. Statista predicts that by 2021, over 63% of all mobile phone 
users worldwide will use a smartphone ("Prognose zum Anteil der Smartphone-

Nutzer an den Mobiltelefonnutzern weltweit von 2014 bis 2021", 2018). The 

interaction with and thus scrolling on touch screens will therefore become even 

more important in the coming years. Even a small increase in efficiency of 

conventional scroll interaction could have a significant impact on average 
smartphone usage due to the enormous number of users. In order to be able to 

integrate a revised scroll interaction into everyday life, it must be as simple as 

possible and have an extremely low learning curve.  

This work was inspired by the paper "Tilt to Scroll: Evaluating a Motion Based 
Vibrotactile Mobile Interface". Oakley and O’Modhrain introduced an approach for a 

tilt-driven interface. Before the existence of smartphones the researchers 

investigated the input on handheld devices. The accelerometer was used to 

navigate through dropdown menu lists. Therefor specific orientations were linked to 

specific list items. Oakley and O'Modhrain chose a stepwise visual feedback for the 
tilt-driven list selection to avoid users overshooting over their targets and having to 

reposition themselves (2005).  

Another inspiration for the work was the Google Chrome browser. In 2003, Google 

added a tilt function to the mobile browser on Android devices. On the overview of 
open browser tabs, the user was able to scroll through these tabs by tilting the 

smartphone in portrait or landscape format. Unfortunately, the function is no longer 

available today (Droid Life, 2012). 
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C O N C E P T 
In order to be able to evaluate alternative scroll interactions later, the conventional 

interaction technique was first implemented and subsequently serves as a 
benchmark. The conventional scroll scenario enables the user to move the 

interface directly or to poke a roller that comes to a standstill after a certain scroll 

distance. "FAMOS" comprises three alternative interaction techniques. Scrolling is 

made easier by tilting the phone or using multiple fingers. For each interaction 

technique, a vertical scroll environment is used, which consists of separate tiles. 
These tiles will later serve as targets to compare the interaction techniques based 

on the time it takes to reach them. 

 

T I L T   S C R O L L I N G 
One way of preventing thumb fatigue and increasing scroll speed is to use 
smartphone sensors besides the touch screen. The user has the option of directly 

determining the scroll speed by tilting the phone. To avoid accidental interactions, 

touching a button in the lower right area of the screen activates scrolling by tilting. 

The movement stops when the finger is raised. The present work focuses 

exclusively on the scroll interactions. Therefore, various ways of triggering the 
interaction have been neglected. 

After activating scrolling by tilting, the angle of inclination is mapped to the 

scrolling speed. Tilting the phone forward moves the user interface down. An 

inclination towards the user moves the screen elements upwards. Scrolling by 
tilting the smartphone should enable precise adjustment of the speed to the 

intended scroll target, regardless of the position and screen size of the device. Tilt 

control avoids thumb fatigue, but requires a high level of sensitivity when using 

digital devices due to the direct transfer of the tilt angle to the scrolling speed. 
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M U L T I T O U C H    
S C R O L L I N G  

In contrast to scrolling through inclination, the user is able to vary the scrolling 

speed by adding and removing fingers from the touchscreen. When scrolling with 

just one finger, the movement distance is transferred directly to the shift of the user 

interface. By interacting with two or three fingers, the distance by which the 

elements of the user interface are translated is doubled or tripled. This behavior 
leads to the visual impression of a parallax effect, as it is used for example on 

websites as a stylistic device, since fingers and elements of the user interface 

move at different speeds.  

By adding and removing fingers, the scroll speed can also be dynamically adjusted 
during an interaction. In contrast to the conventional scroll scenario, pushing a 

roller is initially not possible in order to improve the controlled movement to distant 

targets even at increased speed. 

The interaction is triggered when the button in 
the lower right corner of the screen is pressed.

The speed of the scroll interaction can be 
precisely controlled by tilting the device.
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M U L T I T O U C H   R O L L E R 
In order to also be able to test the influence of increased roller speed on the scroll 

behavior, a third scroll alternative was developed. In contrast to the scenario 

explained previously, the number of fingers does not determine the direct scroll 
speed, but the speed at which the roller is pushed. Similarly, the speed of the roller 

is doubled and tripled when interacting with two or three fingers, which should 

make it easier to reach distant targets and greatly reduce the number of user 

interactions. To prevent uncontrolled interaction due to the increased speed, the 

roller movement can be stopped at any time by touching the screen.  

1x 
With just one finger, the scroll 
distance is transferred directly 

to the tiles

2x 
The scroll distance can be 

doubled by adding or  
removing a finger

3x 
The scroll speed can also be 
tripled dynamically with up to 

three fingers
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I M P L E M E N T A T I O N 
The prototypes were implemented using the "Processing" software. The integrated 

development environment can be switched to an Android mode. The mode enables 
the implementation of Android applications, which can then be transferred and 

executed directly on the smartphone. For this to work correctly, the "USB 

Debugging" option must be activated on the smartphone under the developer 

settings. Several factors had to be considered when implementing the vertical 

scroll feed for the different interaction techniques. The implementation of the 
individual interaction techniques will be described in more detail below. 

CONVENTIONAL SCROLLING 

Basically, the tiles have to be moved according to the touching finger. After pushing 

the roller, the movement of the user interface must come to a standstill with 

decreasing speed. The speed of the roller is subject to certain conditions. The scroll 

distance and time result in the scrolling speed. The roller speed is then determined 

depending on the calculated scroll speed. The "lerp" function is used to brake the 
roller to a standstill. The roller speed is set to zero immediately when the user 

touches the screen in motion or reaches previously defined edge areas. 

TILT SCROLLING 

Ready-to-install Android modules connect to the device's accelerometer. When the 

tilt function is activated, the current tilt angle of the Z-axis of the acceleration 

sensor is multiplied by a speed factor. The calculated velocity is mapped to the 

movement of the tiles.  
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MULTITOUCH SCROLLING 

In order to be able to adapt the scrolling speed to the number of fingers, the current 

input must be constantly monitored. The natively provided "touches" array contains 

a list of current touch points. Each pointer is identified by its x, y coordinate, area, 
pressure and a unique ID. To avoid unintentional shifting of the scroll feed when 

lifting a finger, an offset value is calculated at runtime. 

MULTITOUCH ROLLER 

The implementation of the interaction technique "multitouch roller" is similar to the 

conventional scroll behavior. In contrast, the roll speed is defined taking into 

account the calculated scroll speed and the length of the "touches" array. The roller 

speed is multiplied depending on the number of touch points. 

HARDWARE 

- Motorola moto G6 5.5" / Samsung Galaxy S4 mini 4.3" 
- Macbook Air / Pro 
- USB cable 

SOFTWARE 

- Processing 3.5.2 
- Android Mode 4.1.1 by The Processing Foundation  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E V A L U A T I O N 
The designed interaction techniques were tested after the prototypical 

implementation. The aim of the user study is to visualize the correlation between 
scroll distance and time and to check whether scrolling can be accelerated using 

the developed interaction techniques. A distinction is made between scrolling up 

and scrolling down. In order to be able to test the interaction techniques properly, 

an additional test environment was implemented and applied to each scenario. 

When starting the applications, the viewport is placed on the middle of a vertical 
scroll feed. Card number zero indicates the horizon that divides the user interface 

into two parts. To differentiate the scroll direction, cards above the horizon are 

given positive values whereas cards below the starting point are given negative 

values. A number in the upper left corner of the screen indicates the tile that the 

user must find as quickly as possible using the respective interaction technique. 

EXECUTION 

- Four different interaction techniques 
- 41 cards in total (from 20 to -20) 
- Target positions in scroll feed: 18, 15, 12, 9, 6, 3 and -3, -6, -9, -12, -15, -18 
- Six participants aged 22-54 years 
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Each participant was initially granted a short familiarization phase with the 

respective interaction technique. The tester then had to reach twelve tiles of the 

user interface five times each in a random order. The time required was saved in a 

text file after touching the tile. Overall, each average value in the following 

evaluation diagrams is based on 30 individual values. 

RESULTS 
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The graphs show the average time in milliseconds to reach a particular tile in the 

vertical scroll feed. There is no linear growth of the interaction time depending on 

the scroll distance. It is noteworthy that the interaction techniques "Tilt" and 

"Multitouch" were way faster than the traditional scroll interaction when the user 

interface was scrolled up. Unfortunately there were technical problems when 
scrolling down the user interface due to the inclination of the phone, which resulted 

in a strong deflection of the green curve in the second graph. The results were 

nevertheless included in the user study for completeness. Irrespective of this, the 

"Multitouch" interaction technique was also faster than the classic variant when 

scrolling down, which confirms the considerations and design of the interaction 
method. In contrast, the interaction technique „Multitouch Roller" is usually slower 

than all other tested input methods, which confirms the initial fear that excessive 

acceleration of the roller leads to a supposedly uncontrolled interaction. It is also 

striking that, with distant targets, all developed interaction techniques are faster 

than the conventional scroll variant. 

OBSERVATIONS 

The user test made it clear that a familiarization phase is necessary in order to be 
able to use the developed interaction techniques correctly. In addition, it was found 

that older test subjects had particular problems when scrolling by tilting the phone, 

since the interaction required a high level of sensitivity. One participant claimed 

that the "Multitouch" interaction technique was the most intuitive and effective, 

since the direct transfer of scroll distance to the movement of the user interface 
enables great control.  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C O N C L U S I O N 
The user test showed that two of the three interaction technologies developed – 
"Tilt" and "Multitouch“ – have the potential to make scrolling on mobile devices 
more efficient.  

However, in order to be able to draw a representative conclusion, further user tests 

must be carried out. For future work, the interaction techniques have to be 

technically revised in order to avoid possible errors as part of a user test. The 
interaction technique "Multitouch Roller" has to be revised or completely replaced 

by an alternative input method.  

In addition, the total number of cards in the scrolling environment must be 

increased while the target positions remain the same. It must be possible to shoot 
over the most distant target so that the user results for reaching those are not 

falsified due to the border areas of the scrolling environment.  

In the future, the fundamental question will be how such alternative scroll 

interactions can be obtained in today's mobile operating systems in order to make 
access to them as easy as possible. 
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