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1. Introduction 
KORE is a group project completed by four students from the MSc Interactive Digital Media class of 
2016/2017 at Trinity College Dublin, Ireland.  KORE explores asymmetrical multiplayer gameplay in VR 
and non-VR environments. The game is essentially a communication game, and our goal was to see if 
players could overcome an information gap across different platforms, using completely different 
controls. KORE also explores aspects of immersion. If VR is supposed to cut off the user from his or her 
environment, could we keep them immersed in the gameplay, even while having them interact with 
elements outside of the VR environment?  Additionally, could the other players be as equally immersed 
in gameplay even though they couldn’t see the VR environment? 
 
The KORE team consists of Karl Knuttel, Shreya Prabhu, Evanthia Palatou, and myself as Project 
Manager. Karl and I handled the coding, modeling and some of the written content. Shreya and Eva 
were in charge of design and media elements and also helped with the written content. Our supervisor 
was Mads Haahr.  
 
2. Description of Project 
KORE is an asymmetrical three-player game. One player experiences the game in VR, while the other 
two sit in front of physical controls. The game is essentially about bridging an information gap, as all the 
players need information from the others in order to complete the game. The story is that the Earth is 
run by quirky and bureaucratic gods in a lab in the center of the Earth. This is the KORE (Keep On 
Rotating Earth) Lab, and it is responsible for the continuous survival of humanity. It is run by three gods 
who divert incoming moral disasters and save the human race. The three roles are:  Sensor Strategist, 
Manual Master, and Laboratory Leader. The Sensor Strategist is in the charge the lights, heat, and 
oxygen of the KORE Lab. The Manual Master is in charge of finding information within the Reference 
Manual to divert the disasters. The Laboratory Leader enters the KORE Lab via VR and uses information 
the Manual Master gives them to divert disasters.  
 
2.1 GAMEPLAY OVERVIEW  
The KORE Lab consists of eight different rooms, each of which hold eight control panels, plus a main 
room with a Command Podium. The entrances to eight rooms are marked by a symbol. When a disaster 
occurs, it will be announced verbally and a symbol pattern will appear on the Command Podium. Each 
symbol pattern corresponds to a panel. In order to divert the disaster, the buttons on the correct panel 
in the correct room must be pressed in a certain order. 
 
2.2 STEP-BY-STEP GAME EXPERIENCE 
The Laboratory Leader spawns in front of the Command Podium of the KORE Lab. The Laboratory Leader 
must look at the podium and relay two pieces of information to the other gods: the Room Symbol and 
the Panel Symbols. Then, the Laboratory Leader must head to the room marked by the Room Symbol. 
The Sensor Strategist is responsible for turning on the lights in that room. The Manual Master will use 
the information the Laboratory Leader gave them to look through the Reference Mnaul for the solution 
to divert the disaster. The Reference Manual is divided into eight sections. Using the Room Symbol, the 
Manual Master should flip to that section of the manual. Then, they must find the panel symbol 
sequence the Laboratory Leader described. Once at the correct page, the manual will list the button 
press sequence and have a picture of the panel for reference.  



 
The Laboratory Leader, once in the correct room, must look for the panel with the panel symbol 
sequence that appeared on the Command Podium. Once they find the correct panel, the Manual Master 
should relay the button press sequence. Once the buttons have been pressed, the Laboratory Leader 
must head back to the Command Podium to submit the sequence. If the sequence is wrong, the players 
must try again. If it is correct, another disaster will occur. The team must try to divert 5 disasters and 
then the game will end and the players will receive performance feedback, such as how many disasters 
they diverted (or failed to divert). However, while playing, the KORE lab needs to be kept cool and filled 
with oxygen. The Laboratory Leader must communicate to the Sensor Strategist when they need more 
oxygen or when the lab gets too hot. If the oxygen drops completely, or the room overheats, it’s game 
over. In addition, each disaster is timed, so the players only have a limited time to solve the disaster. If 
they don’t divert it in time, the game will continue on to the next disaster. Every subsequent disaster has 
a shorter amount of time to solve it.  
 

3. Methodology 
 
3.1 IDEA PROGRESSION 
We originally began with the concept of a multiplayer asymmetrical game, but it focused on augmented 
reality and puzzles inside a nuclear power plant. After a talk with our supervisor, our idea evolved into a 
virtual reality game, and how we could encourage multiplayer gameplay in new and unusual ways. 
Virtual reality is essentially “a digital environment which users feel completely immersed inside, and 
which they may interact with” (Carrozzino and Bergamasco 2010, p.453). This is achieved by cutting off 
the user from their environment by giving them a headset. Therefore, our challenge was to have the VR 
player interact with elements outside of the VR world, such as the other players, and still retain a sense 
of immersion. Our ultimate goal was to incite each player to try their best to succeed in his or her role, 
therefore obtaining a sense of immersion in the game, even though all players would be on different 
platforms. Balancing the roles would be key, to ensure each player had enough to keep them engaged, 
such as in the hectic multiplayer communication game Space Team.   
 
When our group first began brainstorming KORE, our idea originally centered on elemental forces and 
natural disasters. However, our supervisor challenged us to think about the message behind our story 
and what we were trying to say about humanity. We finally settled upon creating disasters that emerged 
from ridiculous human behavior. To highlight the strange and bizarre things humanity does to endanger 
itself, we used the Seven Deadly Sins as inspiration, adding an eighth one in for a little bit of fun: 
Stupidity. 
 
The disasters were still meant to be silly, but our game also became a statement about the curious and 
sometimes terrible ways humans treat each other. Our basic message was that these disasters could be 
avoided or alleviated if humans used compassion, collaboration and communication. This now also 
echoed our basic game mechanics, where players had to collaborate and communicate in order to save 
the Earth. 
 
 
 



3. 2 PLATFORM 
There was a lot of discussion in the beginning if we should use a mobile platform or PC-based VR gear, 
such as the HTC Vive. We ultimately decided to go with mobile because we thought it would make the 
game more accessible, especially if we decided to create a tablet version of the controls used by the 
Manual Master and Sensor Strategist. We also decided to build for Android rather than iPhone because 
Karl and I both work on PCs. To export from Unity for iPhone, a Mac with XCode is required. This was 
inconvenient at best; so, Android proved to be the more flexible platform.  
 
Coding and modeling for mobile proved more challenging than we had anticipated. The Bluetooth 
connection was more convoluted to setup with mobile than PC. Karl and I prototyped with the PC at first 
and the connections were straightforward to establish. Connecting Bluetooth and Arduino, however, 
required some extra code, as detailed in the ‘Coding’ section.  
 
3.3 CODING 
 
3.3. 1 Game Framework 
Karl and I were the programmers of the team. We started prototyping in the game engine Unity, using 
simple objects, in order to get the main structure of our game down. Below is a screenshot of our 
earliest prototype.  

  
 
The five spheres are buttons on Panel One, and the five capsules represent the buttons on Panel Two. 
Our goal was to store the user input in a list and compare it to the list of solutions. We have two scripts 
to do this. One script goes on every button and handles the click events, checks the tag of what was 
clicked (such as verifying that a button was pressed) and sends that to the GameManager script. The 
GameManager handles the state of the game and all the disasters 

 



The GameManager script: 
 

1. Adds the button that was pressed to a list 
 

2. Waits for the user to hit submit, and then: 
 

3. Gets the name of the panel the button is attached to 
 

4. Compares that panel name to a list of panels and stores that index 
 

5. Then compares that index to the index of a list of solutions 
 

6. Then checks that the sequence the user submitted matches the solution 
 

Additionally, the user is able to clear their last input and also load another disaster. This code formed 
the framework for the entirety of the game. For the final version I coded additional lists to store the 
dialog, text, and symbol patterns that appear when each disaster is announced.  
 
3.3.2 Arduino: Bluetooth and Sensors 
By far the most challenging aspect of our game to code was the Bluetooth. We have three different 
custom-made game controllers for the Sensor Strategist to use: a button to turn on lights, an air pump 
to increase the oxygen level, and a wheel to turn down the heat level. We used two HC-06 and one HC-
05 Bluetooth modules to connect three Arduinos to an android phone. We used an asset package from 
the Unity Asset Store “Android & Microcontrollers / Bluetooth” to create a connection, but needed to 
make modifications to ensure that data could be sent. We had an issue with this at first and eventually 
figured out we needed to get rid of one line: device.setEndByte(number).  
 
What I learned was this: when using .read() to read bytes from a Bluetooth connection, setEndByte is 
not necessary when packetization is not being utilized. It’s only required when you set up packetization 
code in the Arduino script. As we did not wish to use packetization, getting rid of this one line solved 
many of our issues. After that was fixed, we had to finagle the delay in the Arduino script to ensure that 
we got a steady, repeated message when we desired it. 
 
That enabled us to turn on lights in the game with a button press through our arduino+blue 
tooth+unity+android system. Additionally, we also figured out how to call lights by tag. We have several 
lights associated with each sin. Through tags and arrays, a button press will be able to turn on the array 
of lights associated with each sin. 
 
To add a bit more difficulty and another information gap, we decided to use NFC tags as well. We have 
eight physical objects with NFC tags attached; these represent the eight arrays of lights. The Sensor 
Strategist has to move the object with the correct NFC tag over the NFC reader, then push the button to 
turn on the lights. Each object has the Room Symbol on it, so the Laboratory Leader will have to 
communicate to the Sensor Strategist which room they are in. We programmed the lights to fall off after 



a few seconds, so the Sensor Strategist has to keep pushing the button so that the Laboratory Leader 
can see the room.  
 
We used an accelerometer/gyroscope sensor for the other two Arduinos. Initially, we did not plan on 
having additional Bluetooth connections. We thought we could have three sensors with one Arduino; 
however, as the pump and wheel require a lot of movement, we feared for the wires. So, we tested 
three Arduinos, each with their own Bluetooth module, to see if we could have three connections at 
once. We had to modify the code to create three separate connections, all running at the same time. 
Once we did that, we were able to send data from the accelerometer/gyro over the connection. As 
these sensors constantly spit out information, we set a threshold, so that it would only send information 
once it reached a desired acceleration or amount of rotation. Then, we were able to mount the Arduinos 
to the wheel and pump.  
 
3.3.3 Coding for Mobile 
Using Android as a platform presented its own challenges. Our test phone, the Nexus 5, could not keep 
up with our original design. In the beginning we had one large room that contained everything. All the 
panels had their own areas of the main room, and the command podium was in the middle. With this 
setup, the phone repeatedly overheated, sometimes froze, and was constantly lagging. In order to 
secure a stable frame rate, we had to delve into mobile optimization.  
 
This is something we really should have looked into before starting to develop an idea and the assets. 
Knowing the limitations of mobile beforehand would have saved us as a lot of trouble and heartache 
later on. So first, Karl and I made sure to have simple colliders instead of mesh colliders, made basically 
everything static, and remodeled assets that were polygon heavy. However, our lights are triggered by 
the user, so we had to leave the lights as dynamic. Mobile phones are not good at handling dynamic 
lights, so we tried to lessen the impact by reducing the amount of shadows. We made sure the buttons, 
panels and torches no longer cast shadows.  
 
We also decided to make a major change to how the game was laid out. Since the KORE lab was a huge 
space with everything in it all rendering at once, it created an insane amount of triangles and vertices. 
Karl did some research and discovered that asynchronous loading could save us in that area. To quote 
the Unity manual, asynchronous loading “allows you to create a completely streaming world where you 
constantly load and unload different parts of the world based on the player position, without any 
hiccups in game play” (Unity Technologies, 2017). 
 
So our first idea involved breaking the game up into nine different pieces. Instead of one major room, 
we would have a small main control room with eight doorways leading to different rooms, all of which 
would be in different scenes. The game would only load the scene the user is in and the one they are 
headed into. This means fewer assets, scripts, and lights would be loaded at once, which would give us a 
greater performance boost, and would also let us keep some of our higher polygon models. Additionally, 
this would help organize the play experience for the user. The first thing they would see is the main UI 
as well as eight passages guarded by eight different types of symbols. This type of organization will help 
guide the user through a more logical game progression. With one huge room, it was a bit like sensory 
overload.  



 
Karl and I created a prototype and unfortunately, we weren’t able to get the Bluetooth connection 
working properly over the multiple scenes. While the connection would hold, for some reason the 
information from the button presses wasn’t going through. 
 
We had to come up with another plan. During our research, we came across something called occlusion 
culling, a feature in Unity that basically doesn’t render anything the camera can’t see, and also won’t 
render anything that is blocked by another object. Karl had already modeled a fantastic set of rooms, so 
we crammed all of them plus 64 panels and 320 buttons into one scene and tried it out with occlusion 
culling. We were able to create a text box that displayed our frame rate, which was really helpful in 
determining what features caused the frame rate to drop. We originally used crystals instead of symbols 
to denote each room, but the crystals were so polygon-dense they caused a dramatic drop in framerate. 
That’s when we decided to rely on symbols – this decision also helped link the rooms to the panel 
symbols.  
 
We also had a group meeting with our supervisor and he suggested a newer device could also help with 
performance. We decided upon the Samsung S8 which is compatible with the GearVR. The GearVR 
headset has a low-latency IMU built into the headset, which helps take the processing power off of the 
phone.  Having a newer phone that has been designed with VR in mind, and a headset with sensors, 
definitely gave us a performance boost. The difference was noticeable: improved framerate and 
stabilization.  
 
3.4 VISUAL STYLE 
 
As the KORE Lab is in the center of the Earth, our main color scheme was brown, grey, black and 
red…the colors of stone and lava. KORE has been in operation for a very long time. It has been around as 
long as Earth mythology has been around and we wanted the design to reflect that Stone Age mentality. 
We used Indiana Jones, The Flintstones, and Crash Bandicoot as inspiration. 
 
Karl and I were the modelers of the team. Karl handled the rooms and panels, we both modeled the 
buttons for the panels, and I took care of the in-game user interface and torches. Once all the models 
were finished, I was responsible for placing them and texturing them in the game world. We have a lot 
of models! 8 rooms, 64 panels, about 320 buttons, about 15 torches, plus the UI elements, meant Karl 
spent a lot of time modeling and I spent a lot of time making sure everything fit together perfectly.  
 
3.4.1 UI Design 
As our game was supposed to take place in a very low-tech space, we decided early on that we didn’t 
want any controls that looked too ‘gadget-like’ or a cockpit UI. I thought about creating a main control 
center, something large and imposing that would be a good place to display the player’s progress. I took 
inspiration from a game I played at the Brighton: Develop conference, wherein a central podium 
contained the majority of the UI (and resources). A picture of the podium, which is in a sci-fi 
environment, is below, followed by the command podium I created.  



  
 

 
 
However, our player moves around a lot, and wouldn’t always be in sight of the command podium. 
Therefore, they needed a UI that could always be with them that would describe time-sensitive 
information. I tried to do a wrist-UI, wherein the player could look down and an avatar’s wrist would 
rise. However, this was awkward without a full-body avatar. I didn’t want to assign a body type to the 
player, so I brainstormed avatar-less options. I created a script that would allow objects to follow the 
player and also turn and face the player. I originally had a set of orbs follow the player, but the way the 
information was represented wasn’t entirely clear.  
 
So I decided to use modified versions of the panels from the command podium. The final version is 
pictured below.   

 

 

https://timeburglars.wordpress.com/2017/07/14/decorating-the-k-o-r-e-lab/inspiration/
https://timeburglars.wordpress.com/2017/07/14/decorating-the-k-o-r-e-lab/centralpodiumwithlava/


 
I used radial displays because I thought they fit the shape of the UI better than the standard health bar 
display. If I had more time, I probably could stylize them a bit more – maybe have a parchment 
background instead of the white circle or something. But the panel symbols on the command podium 
are large, blocky and white, so this sort of matches. Plus, the UI is readable and colorful and in the 
confusion of running around in a dim environment trying to find the right panel, this style UI is a nice 
little beacon of clarity.  
 
In the end, I made the player spawn in front of the command podium and brought the UI in a curve 
around the player’s spawning point instead of around the podium. This was because people were having 
a hard time finding information on the command podium. I also programmed in all of the icons that 
spawn according to the disaster that is randomly selected. The command podium also displays how 
many disasters they have left to divert, how many they already diverted, and will give them visual 
feedback if they entered the button press sequence correctly or not.  
 
In addition, I also placed the Submit Sequence button in front of the podium. This was to create an 
additional information gap for the VR player and get them running around a bit. A wrist UI with all the 
necessary buttons would’ve been a bit too convenient in a game that’s supposed to be inconvenient. 
Having the submit button at the podium also ensures that the player is in place to receive information 
about the next challenge.  
  

 
 

I also programmed the reticle so it changes colors if it hovers over an interactive object and if the user 
clicks on an interactive object.  
 
3.5 WRITTEN CONTENT 
 
The Manual Master has a large Reference Manual they have to use to help the Laboratory Leader divert 
an incoming disaster. We decided upon 8 sins, with 8 disasters linked to each. We chose 8 disasters not 
only because it matched the number of sins, but also because we wanted to confuse and confound the 
Manual Master a bit. Fewer disasters meant it would be easier for them to find the correct solution. We 
wanted them to have a big book with thick pages to flip through, as if they were reading from an 
ancient, dusty tome. That meant, however, that we had to create 64 hypothetical disasters. As a group 



we spent many days brainstorming ideas for each sin, and then once we had those 64 disasters, we 
actually had to write them out. We created a template to follow, so we each could write the disasters of 
two sins. The template is as follows: 
 

1. Headline: General issue that relates to the disaster  
 

2. Introduction: Objective description of the reason for the disruptive human behavior 
 

3. Middle: Some examples and specific explanation of the issue relating to the challenge 
 

4. Steps to take if this issue arises (button sequence) 
 

5. Panel name at the end 
 
However, after putting so much work into writing out the content of each disaster, we realized it took 
way too long to read through the entire page. So, Karl edited them all to make them more concise and 
consistent (to ensure they all followed the template) and I chimed in with a bit of editing and trimming 
as well. Additionally, as I was responsible for placing and programming all 320 buttons, I wrote out the 
button sequences for all 64 panels and then added the solutions as lists in the C# script.  
 
Originally, we had two books: the Reference Manual and a Panel Book. The Reference Manual would 
instruct the user to find the picture of the panel in the panel book. However, during our user tests, this 
proved to take way too long. While the Manual Master was frantically searching the books, the 
Laboratory Leader was bored and waiting inside the room. To cut down on the time of the search, we 
decided to combine the books. If this proves too easy, we can always shorten the timer for each 
disaster. Once all the content was written, Shreya was responsible for the design of the Reference 
Manual. Once I finished the panels, I screenshot them and Eva was responsible for the design of the 
Panel Book, whose pages now reside in the Reference Manual.  
 
Additionally, I also wrote the dialog for our main announcer. We recorded one of our classmates to 
serve as something similar to the ship’s voice in Star Trek. She announces each disaster, warns the user 
if heat or oxygen depletes, and provides feedback at the end of the game. I also wrote the script for the 
KORE Lan training video – unfortunately it’s out of date now due to the adjustments we made after the 
user test. It’s still a fun introduction. Shreya filmed it and we had an actor star in it. Both characters – 
the KORE Lab voice and video narrator – are fun, quirky, and are sometimes overcome with dark humor. 
In essence, they mirror the theme and feel of the game itself.  
 
 

4. Conclusion and Future Work 
In conclusion, KORE is a fully functional three-person asymmetrical game that encourages cross-
platform immersion by forcing users to communicate to bridge an information-gap. It successfully 
integrates multiple Bluetooth connections to an android phone, including to three Arduinos, a Bluetooth 
controller and a Bluetooth speaker.  Custom game controllers were created from a bicycle pump, a 
wheel, and a button/NFC tag combination. The three Arduinos send three different types of information 



to Unity: accelerometer data from the pump, gyroscope data from the wheel, and button presses from 
the lights. We chose these quirky controllers because they fit the quirky nature of our game and their 
unusual nature should entice and immerse our non-VR players.  
 
There are some things we would have liked to do, but were unable to complete due to time constraints 
or technical limitations. We had planned on networking a tablet to the android phone to create a second 
user interface for our non-VR players. The purpose of this was to provide some sort of visual feedback 
and stimulus for the external players, since they can only hear what is going on in-game. For example, it 
would show them if the VR player pressed a button in the game (but not which!), and provide text 
feedback for when they diverted a disaster (or failed to!). While we eventually managed to get the 
network established, the phone kept freezing minutes into the connection. Ultimately, we did not have 
enough time to troubleshoot the reason and build a responsive user interface, though Shreya had 
designed a nice template for it.  
 
Our supervisor had also suggested adding some tech to the Reference Manual. For example, making the 
Manual Master scan a QR code in the book, which would open an AR app to reveal information. While 
we thought this was an intriguing idea, it came too late into the process to be implemented.  
 
While implementing the ideas above could improve the project, we accomplished what we set out to do 
with KORE. It’s a hectic playing experience with fun controllers and, ultimately, a thoughtful premise. I 
learned a lot about Arduino, Unity and Android in the process of making this game and feel prepared to 
organize and manage future games made in Unity.  
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