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Abstract 

 

The Tangible Cube project is an attempt to develop a new type of interaction to control digital 

content, in this case music, on a laptop by interacting with a physical and tangible object such 

as a cube. Within the context of two different interfaces, interactions for a total of six actions 

(select next and previous song, repeat the current song and restart the programme as well as 

adjust the volume) were designed.  

In the process, attention was paid to ensuring that the interactions matched the actions in 

terms of content. The aim is to find out whether this form of interaction is easy to perform and 

to understand. 

 

A demo of the project can be accessed via the video at the following link: 

https://youtu.be/TJ24IoaQ_C0  

 

Motivation 

 

The Tangible Cube is inspired by the paper called Replicate and Reuse by Gupta et al (Gupta 

et al. 2020). The main idea here is to enrich digital content with a physical experience. This is 

why physical objects are used to consume digital content. 

This basic idea is taken up in the project Tangible Cube. The cube is used as a physical object 

to control digital actions with it. Through interaction with the cube, the user is able to control 

songs playing on a digital device, in this case a laptop. 

The goal of the project is to provide people with motoric disabilities the ability to control digital 

content such as music in this case. For this reason, the target group consists of people who 

have complaints in fine motor skills such as older people with gout. 

 

Concept 

 

In general the Tangible Cube is based on six digital actions or operations which can be 

grouped in pairs of opposites. The first pair is to select the next and previous song. The 

operations to repeat the currently playing song and to restart the programme define the second 

pair. And the last pair is to adjust the volume. Two interfaces were developed as part of the 

project, the first one with image recognition (Tanja Gimmi) and the second one with sensors 

(Vanessa Spiegel). 

 

 

 



 

Interface 1 - Image Recognition 

 

With this interface, it is very important to make sure that after each interaction with the cube, 

the side of the cube that is titled “rotation mode” (dt.: “Drehmodus”) is on top. The orientation 

of the cube to the camera can vary, as the cube is rotated by the interactions for selecting 

songs. 

 

SELECTING SONGS 

 

To select the next song, the cube has to be rotated around its y-axis one side to the right. 

Similarly, the cube has to be rotated one side to the left to select the previous song. It is 

important to mention that the cube can be rotated endlessly in both directions (to the right/to 

the left). As soon as the user has reached the last song in the list and selects a song further, 

the first song in the list follows. This principle also works in the opposite direction. If the user 

selects the previous song from the first song in the list, the last song in the list is played. 

 

This way of interaction is chosen because of the natural and intuitive feeling to turn over the 

next or previous side of the cube. 

 

 
 

Interface 1 - Selecting Songs 

 

REPEATING SONG & RESTARTING PROGRAMME 

 

To repeat the currently playing song, the cube has to be tilted one side towards the user and 

then tilted back. The interaction to restart the programme is just the opposite of this. 

Consequently, the cube has to be tilted one side away from the user and back again. 

Restarting the programme will automatically start the first song in the list. 

 

These interactions are designed this way because the cube leaves the current state by tilting 

forward or backward and then resets. This also happens in terms of content with the two 

actions of repeating the currently playing song or restarting the programme. 

 



 

 

 
 

Interface 1 - Repeating Song and Restarting Programme 

 

ADJUSTING VOLUME 

 

To reduce the volume, the user has to rotate the cube once completely around its x-axis in the 

direction the cube is rotated towards the user. To increase the volume, the interaction remains 

the same, except that the user has to rotate the cube in the other direction. 

 

These two interactions are inspired by the rotary control of a stereo system where the user 

also has to turn the dial to adjust the volume. 

 

 
 

Interface 1 - Adjusting Volume 

 

 

 

 

 



 

 

Interface 2 - Sensors 

This interface is based on the fact that each side of the cube has a corresponding function. 

So the interactions depend on which side of the cube is on top. This graphic was created for 

more precise orientation and description for the following interactions. 

 

 
Interface 2 - Faces of the Cube 

 

 

SELECTING SONGS 

 

To move forward or backward through the playlist the cube faces one to four are needed. 

These are in a row as shown in the graphic. If you move the cube to the next side to the right, 

the next song in the list is played. If you place the cube to the left on the next side, the previous 

song is played. 

 

 
Interface 2 - Selecting Songs 

 



 

REPEATING SONG & RESTARTING PROGRAMME 

 

To restart the song that is currently playing, the cube must be quickly shaken back and forth 

once in a semicircle to the side. 

 

There are two ways to repeat the program. The first is to place the cubes  face six to the top 

and set back it to another. While side six is on top, no music is playing. After that, the program 

starts from the beginning. 

 

The second way is to darken the cube with a cloth, your hands or a box. As long as this 

happens, no music runs. When it is uncovered, the program starts from the beginning. 

 

 
Interface 2 -  Repeating song   Interface 2 - Restarting Programm 

 

 

ADJUSTING VOLUME 

 

To change the volume of the output music, you need to put the cube side five up. If you tilt the 

cube slightly to the right, the volume increases, if you tilt it to the left, the volume decreases. 

The longer you tilt it, the more the volume changes. 

 
Interface 2 - Adjusting Volume 

 

 



 

Implementation 

 

As the Tangible Cube is designed on two interfaces, there are also two ways of 

implementation, one based on image recognition to detect QR-Codes, the other based on 

sensors. 

 

Interface 1 - Image Recognition 

For the implementation of the image recognition Python (version: 3.8.0) is chosen as 

programming language and various Python packages. The most important package is openCV 

(version: 4.5.1.48), which enables image recognition. Furthermore, the package Pygame 

(version: 2.0.1) is used to be able to process music in the programme. This is used to realise 

the six operations. The package numpy (version: 1.19.5) is also installed as dependency, and 

pyzbar (version: 0.1.8) to read QR codes. The songs are in wav format. 

 

A webcam is used as a further component for image recognition. Both a webcam integrated 

in the laptop and a webcam connected externally to the laptop were tested. 

 

Finally, the cube with the QR codes printed on it is the last essential component. The QR 

codes were generated with a separate Python programme (generate.py) and then copied onto 

a cube template. This was then printed out on A4 paper and assembled into the cube. 

Interface 1 - Prototype with Webcam, Cube and Laptop (Application running) 

 



 

Interface 2 - Sensors 

Interface two is based on sensors and has been implemented with hardware. Unlike 

interface one, where the cube itself has no technical background, here the core of the 

functions lies in the cube itself.  

 

 
Interface 2 - Cube setup 

 

 

A square tea box was used as the body for the cube. The box was additionally painted black 

and plotted with arrows indicating the interactions. For the implementation the I/O board 

Elegoo Uno 3 was used, which is similar to an Arduino. Connected to this is a photoresistor, 

which is light sensitive and is used for the music on/off function. This sits on cube side five. 

Also connected to the I/O board is a so-called accelerometer (ADXL335), which has 3 analog 

outputs for the X, Y and Z axes. These output a voltage proportional to the acceleration acting 

on the axis. The resulting values were subsequently used to determine the orientation of the 

cube. This makes it possible to determine which side of the cube is currently on top. To prevent 

the sensor from lying loose in the housing and falsifying values, it was attached with a 3D 

print. 

 
Interface 2 - Position of the photoresistor  Interface 2: Accelerometer with 3D-Print 

and appearance of the finished cube 

 



 

 

To implement the cube, we first worked in the Arduino IDE. There, output-Strings were 

generated for the individual functions of the sensors. This code had to be uploaded to the 

Arduino only once- The next step happened in Processing. There the prefabricated library 

minim was imported, which is used to program music programs. Using the strings that the 

Arduino outputs when the cube is moved, the interactions were then programmed as 

imagined. 

 

Evaluation 

 

The user study is structured into two parts, for both interfaces. The first test was set up with 

an introduction for every proband. Then the proband had to do some tasks with the prototype 

to test it. Afterwards he got a questionnaire and then there was a debriefing where problems 

could be expressed. 

The second test had to take place some time later, at least one or more days later. Except for 

the introduction this test remains very similar to the first one. The tasks differed, but everything 

else remained almost the same. 

 

Annotation: Due to the current situation with Corona, each interface was tested separately. 

Therefore, each interface is tested by different probands. 

Interface 1 - Image Recognition 

 

PROBANDS 

 

The interface based on image recognition was tested by four probands, two of them male, the 

other two female. Furthermore, an overall wide age range is covered, as two of the probands 

are over 60 years old, the other two are under 30 years old. In addition, the probands’ 

experience with usability is in the lower range. 

 

 
 

 

 

 

 



 

RESULTS 

 

The results of the first part of the test show that usability issues were encountered. 

Furthermore, the only interactions that were rated highly positive are the ones to select the 

next or the previous song. For all other interactions, the evaluation goes relatively balanced 

from useful to absolutely useless. 

 

 
 

Interface 1 - First Part of the Test (Questionnaire on Usability) 

 

 

 

 
Interface 1 - First Part of the Test (Questionnaire on Interactions) 

 



 

In comparison to the first part of the test, the second part shows that the difficulties with 

usability have diminished and were no longer rated as serious. In general the interactions are 

rated more useful now. 

 

 
 

Interface 1 - Second Part of the Test (Questionnaire on Usability) 

 

 

 

 
 

Interface 1 - Second Part of the Test (Questionnaire on Interactions) 

 

 



 

Overall, two main results can be derived from the study on the first interface. The first aspect 

clearly shows that, after the probands had dealt with the prototype, the interactions were easier 

to perform for them. 

The second aspect shows that, the more different steps had to be taken in the interaction, the 

more difficult the probands found the interaction. Consequently, the interactions to adjust the 

volume were rated lowest, which could be justified by the assumption that they are quite long. 

A little better rated, but still not as good, are the interactions to repeat the currently playing 

song and to restart the programme. Again, it is assumed that the user has to cope with more 

steps, which are to tilt the cube forward and backward or vice versa. The easiest and quickest 

interactions with the lowest count of steps to cope with were rated best, which are to select 

the next or previous song. 

Interface 2 - Sensors 

 

PROBANDS 

 

The interface based on image recognition was tested by three probands, two of them were 

female, the other one male. The test persons cover different age groups. At 78, the oldest test 

person is a senior citizen. The second female respondent is in her late forties and is considered 

an adult. The male respondent is in his mid-twenties and is a young adult. 

 
 

RESULTS 

 

In the diagrams, each color represents one of the three probands. On the x-axis you can see 

the different questions that were asked and on the y-axis the answer. The answer "1" stands 

for the most satisfied answer, "5" for the answer with the least satisfaction. 

 

The results of the first part of the test show that problems were encountered with some 

interactions. The average was 3,13  which means there were now and then problems and the 

meaningfulness was rated medium. 

 



 

 
 

At day two the average raised to 2, which means the emergence of problems were low and 

the meaningfulness was also rated usefull. 

 
 

All in all, it can be assumed that the more often the cube is used by a person, the better he or 

she can handle its interactions and control the cube. 

As additional feedback, one proband noted that the arrow plots on the top of the cube were 

very helpful. The oldest respondent was generally unaware of the function to repeat a song, 

as she could not do this on the radio. 

Conclusion 

 

As the results of the usability studies show, the Tangible Cube project has the potential to be 

deployed and used in various scenarios with limited possibilities regarding the use of mouse 

and keyboard. This was shown by the predominantly positive feedback. However, the Tangible 

Cube is certainly not a holistic alternative to mouse and keyboard. For this, the interaction 

design would have to be adapted according to the findings from the studies. Due to the 

technical possibilities, shorter interaction designs could not be developed within the scope of 

the study. The most important finding is that each interaction should be kept as short as 

possible. This must be taken into account. 
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Appendix 

Interface 1 - Tasks (Part 1) 

Actions and Interactions: 

 

 Action Interaction 

(1) Select next Song Rotate the cube around the vertical 
axis (y-axis) by one side face to the 
right. 

(2) Select previous Song Rotate the cube around the vertical 
axis (y-axis) by one side face to the 
left. 

(3) Repeat currently playing Song Tilt the cube around the horizontal 
axis (x-axis) by one side face towards 
the user. Then rotate the cube back 
again so that the “Drehmodus” is on 
top again. 

(4) Reset Programme/Start over first 
Song 

Tilt the cube around the horizontal 
axis (x-axis) one side away from the 
user. Then rotate the cube back so 
that the “Drehmodus” is on top again. 

(5) Reduce Volume (one unit) Rotate the cube once completely 
around the horizontal axis (x-axis), tilt 
each side towards the user. 

(6) Increase Volume (one unit) Rotate the cube once completely 
around the horizontal axis (x-axis), tilt 
the side faces away from the user. 

 

Individual Tasks: 

 

Task 1: 

 

(1) Go through the list of songs until you reach Song05. 

(6) Increase the volume of the song by one unit. 

(2) Select the previous song. 

(5) Reduce the volume by one unit. 

(3) Start the current song from the beginning. 

(1) Select the next song. 

 

Task 2: 

 

(4) Reset the programme. 

(6) Increase the volume by two units. 



 

(2) Go through the list of songs backwards to Song08. 

(3) Start this song from the beginning. 

(5) Reduce the volume by one unit. 

(4) Reset the programme. 

 

Interface 1 - Tasks (Part 2) 

Actions and Interactions: 

 

 Action Interaction 

(1) Select next Song Rotate the cube around the vertical 
axis (y-axis) by one side face to the 
right. 

(2) Select previous Song Rotate the cube around the vertical 
axis (y-axis) by one side face to the 
left. 

(3) Repeat currently playing Song Tilt the cube around the horizontal 
axis (x-axis) by one side face towards 
the user. Then rotate the cube back 
again so that the “Drehmodus” is on 
top again. 

(4) Reset Programme/Start over first 
Song 

Tilt the cube around the horizontal 
axis (x-axis) one side away from the 
user. Then rotate the cube back so 
that the “Drehmodus” is on top again. 

(5) Reduce Volume (one unit) Rotate the cube once completely 
around the horizontal axis (x-axis), tilt 
each side towards the user. 

(6) Increase Volume (one unit) Rotate the cube once completely 
around the horizontal axis (x-axis), tilt 
the side faces away from the user. 

 

Individual Tasks: 

 

Task 1: 

(1) Select the next song until the first song (Song01) is played again. 

(2) Select the previous song twice. 

(6) Increase the volume of the current song by one unit. 

(3) Start the current song from the beginning. 

(2) Select a song before the current one. 

(5) Reduce the volume by one unit. 

 

Task 2: 

(4) Reset the program, 



 

(6) Increase the volume by two units. 

(1) Select the next song and listen to the song briefly. 

(3) Start the song from the beginning. 

(5) Reduce the volume by two units. 

(4) Reset the program. 

 

Interface 2 - Tasks (Part 1) 

 

 Action Interaction 

(1) Select next Song Tilt cube direction Next Song to next 
page 

(2) Select previous Song Tilt the cube in the direction of Last 
Song to the next page. 

(3) Repeat currently playing Song Quickly tilt back and forth. (Next Song 
- Last Song) 

(4) Reset Programme/Start over first 
Song 

. Cover cube 

(5) Reduce Volume (one unit) Interaction side volume: 
Place on left edge 
 

(6) Increase Volume (one unit) Interaction side volume: 
Put on the right edge 

 

Individual Tasks: 

 

Task 1: 

 

(1) Go two songs further in the list. 

(6) Increase the volume of the song audibly 

(2) Select the previous song. 

(5) Reduce the volume audibly. 

(3) Start the current song from the beginning. 

(1) Select the next song. 

 

Task 2: 

 

(4) Stop the music and start it again. 

(6) Increase the volume audibly. 

(2) Go two songs back. 

(3) Start this song from the beginning. 

(5) Reduce the volume audibly. 

(4) Stop the music 



 

 

Interface 2 - Tasks (Part 2) 

Actions and Interactions: 

 

 Action Interaction 

(1) Select next Song Tilt cube direction Next Song to next 
page 

(2) Select previous Song Tilt the cube in the direction of Last 
Song to the next page. 

(3) Repeat currently playing Song Quickly tilt back and forth. (Next Song 
- Last Song) 

(4) Reset Programme/Start over first 
Song 

. Cover cube 

(5) Reduce Volume (one unit) Interaction side volume: 
Place on left edge 
 

(6) Increase Volume (one unit) Interaction side volume: 
Put on the right edge 

 

Individual Tasks: 

 

Task 1: 

(1) Go forward through the list of songs until the first song is played again. 

(2) Select the previous song twice. 

(6) Increase the volume of the current song.. 

(3) Start the current song from the beginning. 

(2) Select a song before the current one. 

(5) Reduce the volume. 

 

Task 2: 

(4) Stop the music and start it again. 

(6) Increase the volume. 

(1) Select the next song and listen to the song briefly. 

(3) Start the song from the beginning. 

(5) Reduce the volume. 

(4) Reset the program. 

 

 

 



 

Questionnaire 

Part 1 (Complexity of Usability) 

 

Question 1.1 - How often have you encountered usability issues? 

 

O Constantly (Several issues have occured with each task) 

O Often (An issue has occurred with every task) 

O Now and then (Difficulties were not encountered in every task. Issues occured in 

about half of the tasks.) 

O Rarely (The majority of the tasks were very good to perform!) 

O Not at all (Everything worked out well!) 

 

Question 1.2 - How much have usability issues impacted? 

 

O Seriously (The handling was almost impossible. Overwhelmingly, the prototype 

does not react as expected.) 

O Strong (Difficulties have occurred. The handling was hindered as a result. The 

difficulties were hard to resolve.) 

O Moderate (Difficulties have occurred. The handling was hindered by this. But the 

difficulties could be solved well.) 

O Low (Difficulties were encountered, but these were quickly resolved. The handling 

was not hindered.) 

O Not existing (There were no issues.) 

 

 

Part 2 (Meaningfulness of the Interactions) 

 

Absolutely useful: The action can be immediately associated with the linked interaction. 

The interaction is very easy to understand and to perform. 

Useful: The action fits the linked interaction. The interaction is easy to understand and to 

perform. 

Moderate: The action fits the linked interaction. However, the interaction is not so good to 

understand and to perform. 

Useless: The action can/should be carried out by another interaction. The interaction is not 

easy to understand. 

Absolutely useless: The relation between action and interaction can not be understood. 

The interaction is not easy to understand. 

 

01 Action: Select next Song 

 

O O O O O 

Absolutely 
useful 

Useful Moderate Useless Absolutely 
useless 

 

02 Action: Select previous Song 

 



 

O O O O O 

Absolutely 
useful 

Useful Moderate Useless Absolutely 
useless 

 

 

03 Action: Repeat the currently playing Song 

 

O O O O O 

Absolutely 
useful 

Useful Moderate Useless Absolutely 
useless 

 

 

04 Action: Restart the Programme 

 

O O O O O 

Absolutely 
useful 

Useful Moderate Useless Absolutely 
useless 

 

 

05 Action: Reduce the Volume 

 

O O O O O 

Absolutely 
useful 

Useful Moderate Useless Absolutely 
useless 

 

 

06 Action: Increase the Volume 

 

O O O O O 

Absolutely 
useful 

Useful Moderate Useless Absolutely 
useless 

 

 


