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What is ActivePuzzle? 

ActivePuzzle is a game for learning robotics by simply building robots out of puzzles. This game 
was designed to develop computational thinking while playing by experiencing and assimilating 
basic computational concepts: 

 Input (from sensors) and Output (to actuators) 
 Logic – inverse, AND, OR, filtering 
 Conditional execution – robotic function execution as dependent on an input value. 
 Repeated execution – robotic function execution while a certain condition holds. 
 Electronics concepts – as implementing the robot logic: voltage, current, resistance. 

Additionally, ActivePuzzle encourages creativity, problem solving and teamwork while playing 
and building robots.  

Who is this Course For? 

This guide is for educators who wish to teach robotics young children/students. The ActivePuzzle 
game was designed to enable learning by doing, that is, conclude the above computational 
concepts by simply playing and building robot models. Therefore, we recommend the inverse 
learning methodology, where the children first build robots, and then discuss and conclude the 
ideas and principles behind those robots. Educators can use the robot models, the concepts and 
the conclusions brought here to support student learning. 

Course Structure 

This course has five lessons, each containing three robot models. Each robot model is then 
discussed and explained in detail, emphasizing scientific and technology principles. 

Each lesson includes the following parts: 

 Robot models with each including a description and puzzle parts, with their ordinal 
number, composing that model. 

 Detailed explanation of the robot models. 
 Conclusions. 

We suggest letting the students first build the robots described in the lesson, experience with 
their operation, optionally alternating them, and then try reaching the conclusions by themselves, 
using their own words.  

Connecting Puzzles 

To connect two puzzles first insert one into the other in 90 degrees, then rotate, as follows: 

 

Due to the spherical joint it is a little difficult (especially for little kids) to connect two puzzles 
upside-down, as we do with regular puzzle games. An example connecting of puzzles: 
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ActivePuzzle Principles 
The following principles apply when building ActivePuzzle robots: 

 The minimal robot principle: An ActivePuzzle robot must include at least one battery 
puzzle (green), one input puzzle (red) and one output puzzle (black). 

 The value flow principle: each of the puzzle pieces composing the robot has a value - 
the signal voltage at that puzzle piece – ranging between 0 and 1. The value is always 
generated by input puzzles, which is why an input puzzle must be part of each robot. For 
example, the value in the following robot is generated by the light sensor (06) and is 
passed to its two neighbors – the battery (16) and the voltmeter (04): 

  

If the light intensity near the robot is half of the maximum light, the light sensor will 
generate a value of 0.5, which will then be transferred to its adjacent puzzles – the 
voltmeter and the battery: 
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Note: the value in the battery in the above example is of no use in this robot, but if we 
connect it with another puzzle the new puzzle will receive the light sensor value through 
the battery. 

In the following picture more puzzles are added, and they receive the same value: 

 

 The flow direction principle: All puzzles but the logic (blue color) are direction neutral, 
that is, you can lay them in any direction, as their values flow to all direction equally. 
However, the logic puzzles (blue) two inner circles are the inputs and the two outer circles 
are the outputs, as follows: 

 

In the example above, suppose that the light sensor value is now 0.7, and we add a NOT 
(11) puzzle and a LED puzzle (01) to the voltmeter’s right, this is what we get: 
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Explanation: the sensor puzzle value is 0.7 and it is flowing to its neighbors, the battery 
and the voltmeter. The NOT puzzle receives the 0.7 value from the voltmeter and inverses 
it (analog inverse) calculating 1 - 0.7 = 0.3. The new 0.3 value is passed by the logic NOT 
to its outer circle neighbors – the LED in this case. 

As another example, in the following robot the temperature sensor (07) and the proximity 
sensor (08) generate values and pass them along to the logic OR (13) inner circles: 

 

 

 

The OR output then flows to the buzzer (03) from its outer circle. The received function in 
the buzzer is “it’s warm OR it’s bright”. In this scenario the temperature is very cold (the 
sensor reads 0) and it’s full of light (light sensor reads 1), so the OR result of the two is 
“1”. 
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The ActivePuzzle blocks 

Following is a table of the existing ActivePuzzle blocks: 

 

 

The blocks are numbered 01, 02 and so on, and have colors denoting their function category: 

 Black puzzles – output puzzles. These let you make an action. For example, with the LED 
(01) you can turn on and off a light, and with the motor (01) you can run it or stop it. 

 Red puzzles – input puzzles. With the input puzzles you get some information from the 
robot outside environment, like the amount of light (light sensor, 06) or knowing if there is 
something in front of the robot (proximity sensor, 08). 

 Green puzzles – batteries. The battery is necessary as it is the robot power source. The 
battery electricity power is transferred to all the robot connected puzzles. 

 White puzzles – brick adapters. Bick adapters let you decorate the robot by connecting 
Lego pieces to it. 
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Lesson 1: Basic Robots, Basic Principles 

Assignment  Robot Structure 

1. Controlling light intensity  

A basic 2D puzzle robot functioning as a 
dimmer:  

 The battery (16) supplies electric 
power to the rest of the puzzle pieces. 

 The potentiometer (09) controls the 
electric current running through. 

 The LED lamp intensity is controlled by 
the electric current. 

Switch on the battery and rotate the 
potentiometer knob to change the robot value 
– notice the change in the LED light intensity! 

 

Puzzles: 1, 9, 16 

2. Measuring the light intensity 
Measure the light using a light sensor and a 
voltmeter: 

 The light sensor (06) reads the 
intensity of the light near the robot. 

 The voltmeter (04) indicates the value 
of the robot using its 4 LEDs: the 
higher the value the more LEDs are 
on. 

Switch on the battery and try exposing the 
robot to a light (lamp or window), then hide the 
light source – notice the change in the 
voltmeter. 

 

Puzzles: 4, 6, 16 

 3. Running the Motors 

Run the motors with a speed dependent on 
the light intensity. 

 Add two motors (02), one on each side 
of the light sensor. 

 Connect wheels to the motors. 

Switch on the battery and test again the robot 
fronting light and darkness and watch the 
wheels running speed. 

 

Puzzles: 2, 2, 6, 16 
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Explanation 

This lesson as an introduction to ActivePuzzle robotics. We will become familiar with the 
ActivePuzzle robotic principles by building some basic robots. All the robots in this lesson are 
two dimensional, thus being simple to build and to understand. The principles learned are  

Conclusions 

 The battery puzzle provides the electric power to all puzzle parts in the robot. 

 

 Input puzzles (red) generate values and pass them to their neighbor puzzles. 

 

 Output puzzles (black) receive the input values and output them.  

Exercises 

1. Change the order of the puzzles in the robot in assignment 1 – use the same puzzle pieces 
but with a different structure. How many combinations did you find? 

2. Add more black pieces to the robot in assignment 2 as in the following picture: 

 

What happens now when you switch on the battery? 
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Lesson 2: Energy Saving 

Assignment  Robot Structure 

1. Smart Fan 

The motor fan works only when an object is 
detected by the proximity sensor. 

 Connect the proximity sensor to the 
battery. 

 Connect the motor to the proximity 
sensor. 

 Connect the brick adapter to the 
battery vertically, to stabilize the robot. 

 Connect the propeller to the motor. 

Switch the battery on and bring your hand in 
front of the proximity sensor – the motor runs 
when detecting your hand! 

 

Puzzles: 2, 8, 16, BR 

2. Smart Street Light 

The street light is on only when fronting 
something or someone: 

 Connect the puzzles as shown. 
 Again, the brick adapter is connected 

vertically to the battery to balance the 
robot. 

Test the robot by putting your hand in front of 
the robot and see how the LED light changes 
accordingly. 

 

Puzzles: 1, 8, 16, 18, BR 
 

3. Smart Street Light 2 

The LED light is activated when it’s dark. 

 Connect the puzzles as shown. 
 Make sure the light sensor connects to 

the inner circle of the NOT, and that 
the LED is connected to the outer 
circle of the NOT. 

 

Puzzles: 1, 6, 11, 16, 18, BR 
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Explanation 

This lesson demonstrates how to build smart things and save energy. Using sensors, robots are 
able to work depending on some input conditions, thus making conditional execution. The 
following chart represents the smart fan conditional execution: 

 

The chart textual meaning is “if the proximity is 1 then run the motor, else stop it”. 

 

The street light robot characteristics: 

 The LED puzzle should be at the top, like in real street lights, in order to increase its 
coverage. 

 The conductor puzzle (18) is used as an extension to make the street light higher 

The 2nd smart light version uses the light sensor along with the logic NOT to activate the LED 
when it’s dark. 

  The logic NOT puzzle is positioned between the light sensor and the LED, and so it 
inverses the value coming from the light sensor, and passes the inversed value to the 
LED. 

  

Conclusions 

 Using the proximity sensor within the fan robot makes it “smart” – it knows when someone is 
standing in front of it, and so it saves energy and stop working when no one is there. 

 Likewise, the street light becomes smart using the proximity sensor, to be activated only when 
someone is standing in front of it.  

 The logic NOT puzzle inverses the value it reads, and it passes the inversed value its outer 
circle neighbors. 
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Lesson 3: Alarm Robots 

Assignment  Robot Structure 

1. Mom-Comes-In Alarm 

The proximity sensor, which is watching the 
room entrance, triggers the buzzer when mom 
comes in. 

 The proximity is fronting the room 
entrance. 

 The buzzer is fronting the child 
location in the room. 

 

Puzzles: 3, 8 ,16 
 

2. Wake Alarm 

The light sensor triggers the buzzer when the 
sun shines. 

 The light sensor is at the top of the 
robot, fronting the window. 

 The buzzer is fronting the child bed. 
 The conductor (18) is used to extend 

the robot and makes the robot higher. 

 

Puzzles: 3, 6, 16, 18 
 

3. Thief Alarm 

The thief alarm is composed of two distinct 
robots, one containing the infrared (IR) 
transmitter, and the other containing the 
infrared receiver: 

 The IR transmitter (05) sends a 
constant signal to the IR receiver (10).  

 When the thief comes into the room, 
his foot blocks the IR signal. 

 The logic NOT inverses the robot 
value, so that the buzzer is activated 
when the IR signal is blocked. 
 

 

Puzzles: 3,10, 11, 16            5, 9, 16, 18 
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Explanation 

Alarm robots notify us of certain events, so that we can react accordingly. They use sensors to 
sense those events, and actuators – such as sound or light based - to notify us when those events 
occur. 

The basic logic of an alarm robot is “if a-certain-event-occurrs then make a notification”. 
Expressing it in a flow chart would look as in the following: 

  

 

Infrared (IR) communication: many devices use IR to communicate. Well known examples are 
TV and air-condition controllers. The IR communication is based on a beam sent from the sender 
to the receiver in certain frequencies and protocols. Therefore, there must be a line-of-sight (LOS) 
between the sender and the receiver. 

 

 Puzzle 05 is an IR transmitter, and it transmits an IR beam according to its value – if the 
value is “1” it transmits a signal and if it is “0” it doesn’t transmit. 

 Puzzle 10 is an IR receiver and it can detect an IR beam sent by the IR transmitter. In 
order to properly receive the IR signal, the IR receiver must front the IR transmitter. 

  

Conclusions 

 Direction of the robot parts: the sensors in alarm robots should front the event location, while 
the actuators front those who need to be notified. 

 The logic NOT can be used to inverse the condition, which can be expressed then as “if an-
event-did-not-occur them make a notification”. 

 The infrared puzzles – the transmitter (05) and the receiver (10) – can be used for 
communication between separate robots, as demonstrated by the thief alarm example. 
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Lesson 4: Motion Robots 

Assignment  Robot Structure 

1. Follower Dog 

The Proximity Sensor triggers the two motors 
when a hand is detected. 

 Make sure both motor switches are set 
as so the wheels move the robot 
forward. 

 The voltmeter is only used in this robot 
as an extension 

 

Puzzles: 2, 2, 4, 8, 16, 18 

 

2. CaveBot 

This robot finds the cave exit: it moves with 
one motor, which rotates while no (NOT) light 
(light sensor) is detected, then it stops and 
beeps when reaching the light. 

 Moving inside the cave, the light 
sensor value is low, thus the motor 
value is high, as it’s inversed by the 
logic NOT. 

 Upon reaching the cave exit, the light 
sensor value is high, and so is the 
buzzer’s, which beeps. The motor now 
has low value and it stops. 

 

Puzzles: 2, 3, 6, 11, 16 
 

3. Electric Scooter 

The potentiometer triggers the two motors & 
wheels. The bottom brick adapter stabilizes 
the robot, and the top one is used for Lego 
decorations. 

 

 
 

Puzzles: 2, 2, 9, 16, 18, BR, BR 
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Explanation 

Motion robots are robots which move, essentially using motors and wheels. The motors are 
output puzzles (black) which receive their value from other pieces in the robot, with the motor 
speed set by the value received: the higher the value the higher the speed. The motor puzzle 
also includes a switch to set the running direction – clockwise or counterclockwise. 

In order to use a motor for motion, its shaft need to be inserted into the wheel central hole (cross 
shape), as in the following picture: 

 

1. Follower Dog – this robot uses the proximity sensor to move when it detects something. The 
robot uses two motors and two wheels to move. Following are the six building steps: 

 

2. CaveBot –based on a single motor+wheel, positioned as so to provide stability to the robot.  

3. ElectricScooter – this robot runs with two motors and wheels positioned along the same side, 
where a ground brick adapter is used for balance. 

Conclusions 

 Center of Mass: the robot structure should be determined not only by the electronics design 
considerations, but also by mechanic constraints, such as center of mass and balance.  

 The logic NOT position and direction are crucial when designing the robot structure, as it 
affects only puzzles following its outer circles. 
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Lesson 5: Advanced concepts  

Assignment  Robot Structure 

1. Police Car 

A police car with light and sound siren. 

 The wave puzzle (15) translates the 
value received into a frequency. 

 The wave puzzle causes the LED and 
the buzzer to oscillate while the robot 
moves, just like in a police car. 
 

 

 
Puzzles: 1, 2, 3, 9, 15, 16, 18 

 

2. Lighthouse 

A lighthouse with blinking light and with ship-
coming-in notifications. 

 The insulator (14) insulates the two 
parts of the robot so that they can 
operate independently. 

 The two isolated robots are LED light 
blinking constantly using the wave (15) 
and a potentiometer, and the buzzer 
beeps when detecting a ship. 
 

 

 

Puzzles: 1, 3, 8, 9, 14, 15, 16, BR 

Soil Moisture Monitor 

Soil moisture monitor using the Arduino 
external interface: 

 The Arduino puzzle (17) is connected 
to an external moisture sensor.  

 The buzzer is activated when its dry 
beyond the level set by the analog-to-
digital (19).  

 
Puzzles: 3, 11, 16, 17, 19 
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Explanation 

1. Police car – this robot demonstrates the use of the wave puzzle (15), which translates its input 
value (voltage) into a frequency, thus being a voltage-controlled oscillator (VCO). In this robot, 
the potentiometer (09) is used to set the wave value – the higher the value the longer the waves 
it generates (and therefore, the lower the frequency). 

Note that the potentiometer also sets the motor speed, so for lower values the robot will move 
very slowly. 

2. Lighthouse – a lighthouse is used to inform ships of the shore location at night, thus it normally 
includes blinking lights and/or rotating flashlight. In this robot the LED positioned at the lighthouse 
top is blinking, as it follows the wave puzzle. The insulator (14) is used to separate between two 
sub-robots: the lighthouse and the coming-in-ship notification. 

Note that the insulator does not prevent from the electric power to rich both sides of the robot, 
but only the blocks value flowing. Therefore, the insulator saves the need of another a battery. 

3. Soil moisture monitor – this robot uses two advanced puzzle pieces: Arduino (17) and analog-
to-digital (19). That is how it looks in reality: 

 

 

The Arduino is a logic puzzle which provides a full control over the puzzle interfaces, including 
the power. It has 6 double pins with functions as follows (left to right):1.Left input, 2.Bottom input, 
3.Ground (-), 4.Power (+), 5.Top output, 6.Right output.  
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You can connect new sensors to the Arduino puzzle inputs (left/bottom) and then build a puzzle 
robot that reacts to them, like in the planter moisture monitor. You can also connect your Arduino 
microcontroller (or any other micro controller) to the Arduino puzzle and customize the robot 
behavior: read inputs coming from the left and/or bottom and determine the outputs on the top 
and right. 

The analog-to-digital (19) is a logic puzzle which translates an input analog value into a digital 
value, according to a threshold set by the lever position: 

 

In this example, the analog-to-digital reads the Arduino dryness value (as the NOT inversed the 
moisture value) and depending on its lever position it outputs “1” if above the level set, or “0” if 
below. As a result, the buzzer beeps when the planter soil moisture is below the required level. 

Conclusions 

 Frequency relates to the occurrences of a repeating event per unit of time. The higher the 
frequency the higher the number of occurrences. The wave puzzle generates wave with 
frequency dependent on the value coming from a predecessor neighbor. 

 The Insulator (14), as opposed to the conductor (18), prevents the value flow, thus insulating 
the robot structure into two separate parts. 

 The Arduino external interface provides a way to extend ActivePuzzle robots by connecting 
it to microprocessors and electronics outside of the ActivePuzzle parts. 

 The analog-to-digital puzzle translates analog voltage values into digital, according to the 
level set by its lever. 

 


