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Einführung in Physical Computing



• Künstler und Designer nutzen 
programmierbare Hardware zur 
Herstellung interaktiver Objekte

• Interaktive Objekte kommunizieren 
über Sensoren und Aktoren mit 
Menschen und der “analogen Welt”

• Verhalten ist als Software auf einem 
Mikrocontroller implementiert  
 
[in Anlehnung an Banzi 2011]

Was ist Physical Computing?
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Mikrocontroller, Sensoren, Aktoren
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Arduino Uno und TinkerKit

Design Principles
Arduino components are not easy to handle for novice users, e.g. you need to 
apply electrotechnical knowledge. For educational settings, especially when 
electronics is not in focus, it is necessary to develop components that do not 
require students to solder or to work with breadboards, which quickly gets 
confusing. Hence, the items of the construction kit are built considering the 
following principles, which were developed at the University of Potsdam with the 
project “My Interactive Garden” [1].

Simplicity: Provide easy to use plugs so that students do not have to handle tiny 
wires that easily break or slip off the pins on the Arduino. 

Flexibility and Extensibility: Easily add, remove or exchange items. Provide 
extension wires to allow users to mount their parts in a distance to the boards.

Black/white boxing: Hide circuits of subordinate relevance in a black box. “Open” 
the black box with templates and data sheets. 

Emphasize computing principles: Visualize computing principles. 

Arduino 
TinkerKit: 
Reducing 
Complexity 
for 
Learners

Programming Interactive Objects
The Arduino programming environment may not appeal to the novice user for 
different reasons:
• merely symbolic language
• requires found knowledge of the programming language, experimenting is 
   hardly possible
• no sophisticated debugger
• autocomplete of parentheses or similar is not implemented 

Alternative blocks programming languages like Snap4Arduino allow for a low level 
start while at the same time providing opportunities for sophisticated projects.

The TinkerKit Project
Arduino’s TinkerKit project is an educational platform that aims 
at reducing the complexity of using and programming Arduino 
with preassembled sensors and actuators. TinkerKit is a tool 
based on Arduino that simplifies the process of making interactive 
objects and installations. It allows for immediate tinkering and 
trial without the need of elaborated skills in physics or electrical 
engineering.

 [A]  [B]

 [C]

 [D]

 [E]

Accompanying Research at the 
University of Potsdam
The development of the TinkerKit is accompanied by research on physical 
computing in computer science K-12 education and thus tailored to the needs of 
learners and teachers.

Physical Computing is the design and creation of interactive objects: 
• Programmed, tangible media  
• Integrate sensors and actuators  
• Uses methods and underlying ideas of embedded systems, cyber physical 
    systems and smart objects  
• E.g. interactive jewelry and clothes, intelligent toy pets, installation arts  

Creative and Constructionist Learning encourages learners to dive into the role 
of inventors: 
• They create real interactive systems  
• They are connected with their artifacts, even physically (see, touch, share)  
   “Knowledge is constructed and the best way to ensure learning is through the 
   deliberate construction of something shareable outside of one’s head” [2]  
 

TinkerKit Shield and Modules
The Sensor Shield V3 allows you to hook up the TinkerKit SENSORS and 
ACTUATORS directly to the Arduino, without the use of a breadboard. 

Digital sensors are connected to Digital Inputs and report either HIGH or LOW, 
but nothing in between. When connected to Analog Inputs they report 0 or 1023 
respectively. Examples include the Push Button, Tilt Switch, Touch or Magnetic 
Sensor Modules. [A]

Analog Sensors are connected to Analog Inputs and report values between 0 
and 1023, depending on the sensor. Examples include the Linear and Rotary 
Potentiometer, Temperature, Light or Accelerometer Module. [B]

Sensors with several pin connectors can be either analog or digital and report 
several values, e.g. a Gyroscope Module is connected to two Analog Inputs and 
reports values between 0 and 1023 on each of those, depending on the angle 
changes on the x and y axes. Another example is the Joystick Module. [C]

Digital actuators are connected to Digital Outputs and can either be set to HIGH 
(=on) or LOW (=off). Examples include LEDs, MOSFETs and Relays. [D]

PWM actuators are connected to the Arduino’s PWM pins through the shield. 
They can be set to anything between 0 and 255 and thus change their state 
accordingly. For example LEDs can be connected to PWM pins to adjust their 
brightness. Micro Servo Modules are also controlled using this functionality. [E]
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[1] M. Przybylla, R. Romeike: My Interactive Garden – A Constructionist Approach to Creative Learning 
with Interactive Installations in Computing Education. In: Kynigos, C.; Clayson, J. E.; Yiannoutsou, N.: 
Constructionism: Theory, Practice and Impact. Proceedings of Constructionism 2012, Athens, Greece, 395-404.

[2] G. Stager: A constructionist approach to robotics. 9th IFIP World Conf. Comput. Educ., 2009, pp. 1-12.



Programmierumgebung Snap4Arduino
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Beispielprojekte
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• in Arduino-IDE modifizierte Standard-Firmata 
(FirmataSnap4Arduino.ino) auf Arduino 
hochladen

• Shield auf Arduino stecken

• per USB mit Computer verbinden

• Snap4Arduino starten

• Library “Snap4Arduino-Blöcke.xml” 
einbinden (per Drag&Drop in den 
Skriptbereich ziehen)

• im Bereich “Arduino” auf “mit Arduino 
verbinden” klicken

Vorbereitungen
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• Stationenlernen zum Kennenlernen der Bauteile:  
 
(1) Taster und digitale Sensoren, (2) Analoge Sensoren, 
(3) LEDs, (4) Servomotoren, (5) Piezo-Summer,  
(6) LCD-Displays 

• Regeln:  

• 2 Schüler(innen) pro Gruppe
• Stationen in beliebiger Reihenfolge bearbeiten
• Jeder füllt Laufzettel aus, zusätzliche Notizen machen
• Wenn fertig: melden zum Vorführen 
• Materialien nach Verwendung wieder zur Station

Ablauf

Prof. Dr. Mareen Przybylla 
Pädagogische Hochschule Schwyz



• Stationenlernen zum Kennenlernen der Bauteile:  
 
(1) Taster und digitale Sensoren, (2) Analoge Sensoren, 
(3) LEDs, (4) Servomotoren, (5) Piezo-Summer,  
(6) LCD-Displays 

• Regeln:  

• 2 Schüler(innen) pro Gruppe
• Stationen in beliebiger Reihenfolge bearbeiten
• Jeder füllt Laufzettel aus, zusätzliche Notizen machen
• Wenn fertig: melden zum Vorführen 
• Materialien nach Verwendung wieder zur Station

Ablauf

Prof. Dr. Mareen Przybylla 
Pädagogische Hochschule Schwyz



• Stationenlernen zum Kennenlernen der Bauteile:  
 
(1) Taster und digitale Sensoren, (2) Analoge Sensoren, 
(3) LEDs, (4) Servomotoren, (5) Piezo-Summer,  
(6) LCD-Displays 

• Regeln:  

• 2 Schüler(innen) pro Gruppe
• Stationen in beliebiger Reihenfolge bearbeiten
• Jeder füllt Laufzettel aus, zusätzliche Notizen machen
• Wenn fertig: melden zum Vorführen 
• Materialien nach Verwendung wieder zur Station

Ablauf

Prof. Dr. Mareen Przybylla 
Pädagogische Hochschule Schwyz

Prof. Dr Mareen Przybylla 
Pädagogische Hochschule Schwyz 

Laufzettel – Stationenlernen Physical Computing von: _______________________________ (Name) 

 

Station Aufgaben Notizen Einschätzung  

1: Taster und digitale 
Sensoren (binärwert) 

 

� Kippschalter 

� weitere digitale Sensoren 

� Anwendungsmöglichkeiten 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

 

 

2: Analoge Sensoren 
(wertdiskret) 

 

� Schiebewiderstand 

� weitere analoge Sensoren 

� Anwendungsmöglichkeiten 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

________________________________________________________ 

 

 


