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Research (Riojas et al., 2012) has shown that circuitry kits 

are excellent at allowing younger age groups to learn concepts 

of basic engineering and electronics with simple and easy to use 

modules that connect with each other seamlessly. Minecraft is a 

popular video game that utilizes natural systems in a format that 

allows the user a great degree of creativity to interact with their 

in-game environment. The in-game system called redstone 

follows many of the same mechanics as circuitry, allowing users 

to experiment with various simple circuits and logic gates. To 

determine feasibility of Minecraft’s use as an educational tool, 

research (Nebel et al., 2016) found that the game is especially 

useful with project-based learning. Electrical engineering 

concepts were used to develop a real-life circuitry kit to teach 

the logical thought process behind creating simple circuits

The purpose of this project was to design a circuitry kit that 

connects prior knowledge of Minecraft to electrical engineering 

concepts. The scope of this project looked strictly at developing 

an extension of the kit developed in a parallel project (Hong, 

2022). This extension is dependent upon the base kit which 

models pre-existing redstone components. The following 

modules were created: a tilt sensor block, a 7-segment LED 

block, a laser block, a laser detector block, a DC motor block, 

and a magnet detector block. 

Each block was developed by first establishing a simple 

schematic that completed the planned requirement (Table 1). 

Next, the schematic was tested on a breadboard and revisions 

were made until the requirement was fully met. The final 

schematic was then modeled in Autodesk Eagle and a PCB was 

milled using a LPKF ProtoMat E33. Next, the PCB was 

imported into Autodesk Fusion 360 and each block was 

modeled using the base kit’s (Hong, 2022) block side length of 

2.5″. Finally, each block was then 3D-printed on a Flashforge 

Inventor and a Creator Pro. An example of the overall 

composition of a block can be seen in Figure 1.

Prior to assembly, each PCB was tested using a digital multimeter to check for 

correct output voltage followed by a visual confirmation of other necessary outputs 

(Tilt, 7-segment, Laser, DC motor).

After PCB testing, all components were assembled with 4–40 bolts of 3/8″ length and 

hot glue to ensure there were no unintentional moving parts. Then, the functionality of 

each model was tested by 6 different volunteers of ages 15–55. For each block, 

volunteers were instructed to plug all required ports, test for requirements (Table 1), 

collect pass-fail data, and unplug all connections to the block. Volunteers repeated 

procedures until a total of 100 data points per subject per block were collected.

The majority of the real-life redstone components properly 

received inputs, completed their required task, and output if 

needed. The tilt sensor and the 7-segment LED received success 

rates of 99% which were deduced to minor design flaws. For the 

tilt block, tilting less than 90° resulted in failure. For the 7-

segment LED, a small gap was present in ports 4 and 6 which 

caused the user to miss the actual input port when connecting 

cables to the block. For the Magnetic block, the strength and 

orientation of the external magnet alters how the magnetic field 

lines impact the internal leads of the reed switch. This, along 

with the vertical orientation of the reed switch on the PCB, 

caused a small region with a width of approximately 1 mm 

where the magnet goes undetected. Finally, the laser detector 

block faced total failure due to an error in reassembly. Its PCB 

was initially rendered useless after receiving a reversed polarity 

due to mislabeled ports; however, while resoldering a new 

digital inverter onto the PCB, too much pressure was added 

causing the pads to be ripped up, ruining the board.

This circuitry set is intended for children ages 10–15. When 

properly paired with prior knowledge of Minecraft, the circuitry 

kit could allow users to connect the real-world to Minecraft by 

using the blocks for a variety of applications. These include 

using the magnet detector to detect when a door/window is open 

or closed, using a laser detector as a tripwire, etc. Future 

development could expand this kit or fixing pre-existing issues. 

Ideas include, a Portal block that can output to Minecraft, a 

remote outlet connector to control outlets from within the game, 

and a microphone block to detect when a user claps or makes 

noise. Possible solutions to existing issues include properly 

designing the ports for each block to friction fit without any 

gaps, altering the orientation of the reed switch to allow for all 

areas of the detection face to be used, and a total reproduction of 

the laser detector block with properly labeled ports.
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Results

Figure 1 (right): Fusion 360 cross sectional 

rendering for the tilt block. The PCB components 

shown include the digital inverter(front), a brass 

rolling ball tilt switch(center), and 3 LEDs 

surrounding the tilt switch. The top of the block 

was made 3 mm thinner to allow the LEDs to shine 

through when tilted. Each side of the cube is 2.5″.

Table 1 (above): List of requirements that were needed for each block. All blocks were tested for 

functionality according to the requirements listed.

Figure 2 (left): Final line up of 

assembled blocks. From the top left 

corner to the bottom right corner in 

respective order, the blocks are as 

followed: Tilt sensor block, 7-

segment LED block, Laser block, 

Laser detector block, DC motor 

block, and Magnet detector block. 

Each cube has side length of 2.5″.

Requirements Table

Block name Requirements Pass or Fail

Tilt Sensor Receives input and outputs a signal when tilted > 90° Pass

7-segment LED Display Receives inputs and outputs to the correct LED bar Pass

Laser Receives input and outputs a laser of steady strength Pass

Laser Detector
Outputs null when laser is not focused on sensor and 

outputs a steady signal if the laser is present on the sensor
Fail

DC motor Receives input and rotates at a constant speed Pass

Magnet Detector

Outputs a signal when a magnet is within proximity and 

outputs a steady signal when the magnet remains within 

proximity

Pass

Tilt sensor 7-segment Laser DC motor Magnet Detector

# of passes / # of trials 595/600 595/600 600/600 600/600 599/600

Table 2 (above): Final results after testing for 600 trials per block. The laser detector block was not 

tested due to hardware failure. 


