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Executive Summary 

The hypothesis is that the more brain activity there is, the less brain cancer 

will spread. In order to demonstrate this hypothesis a computer coding language 

was used to create a computer simulation, as well as a review of current research 

on cancer. Many hurdles came along that slowed progress on advancing through 

the process of the project. These restrictions are a proxy because first, the coding 

language couldn’t have the exact amount of cells in the brain because it would be 

impossible to do. Secondly, the coding language couldn’t model the transmission 

of brain patterns well. Finally, a 100% accurate model could not be used to 

demonstrate the hypothesis because computers cannot do too many processes 

simultaneously. After the coding was completed in the model we did experiments, 

conducted research, collected data, converted that data into a graph, and came up 

with a conclusion. The evidence of data, research, and model determined that there 

is a direct correlation between brain activity and the spread of cancer. The more 

brain activity, the less cancer will spread, which will also vary based on brain 

density.   
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Introduction  

Brain cancer affects many people, causing death and is a serious 

worldwide issue that there is currently no cure for brain cancer .There were 

an estimated 22,850 new cases of it in 2015 worldwide.  This project focuses 

on the correlation between brain activity and brain cancer and intends to 

demonstrate that increased brain activity leads to a decreased spreading rate 

of cancer. The idea of the project was based off of brainstorming and 

deciding between two ideas for a project. The first idea was soil erosion and 

the second was brain activity’s effect on the spreading of cancer. We 

decided on the idea of brain cancer because this topic interested us the most. 

Next, we browsed the Netlogo models library to find a model that could help 

us represent the basic idea of our project. We decided on the fire model 

because we felt that it had the basic concepts that we were looking at to use 

and then we could expand and recode the model to represent the spread of 

the proxy brain cancer cells.  One of our concepts was the cell “vibration” 

which was modeled in the NetLogo fire model with the tree “vibration”.  

The main concept we were looking at in choosing the model to work with 

was the spread of the fire which we could then change to help us model the 

spread of cancer.  Based on our research, we felt that one of the concepts we 

needed to add was the cell “vibration” which was not modeled in the 
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NetLogo fire model. We added the so called vibration to represent brain 

signals being sent out and received. We used Netlogo, internet research, and 

textual evidence from books to work on the project. The significance of this 

problem to us was that cancer is a problem that must be solved and not much 

is known about it compared to other diseases.  

Background 

 The “fire” model one that we found in the models library of Netlogo 

and we used it as the basis for our model.  The way that the original fire 

model worked was that there was a column of “fire” agents-red patches- on 

the left side of the screen and the fire would spread to the “tree” agents-

green patches-and would keep spreading until either all of the fire agents 

became “ember” agents-black patches- or until the fire stopped spreading. 

Nothing moves, there is only the spreading onto other agents in the fire 

model. The only factor affecting the spread of the fire agents is the 

percentage of density slider (see Appendix A for fire model visuals). 

Coding & Restrictions  

 Our model demonstrates that increased brain activity leads to 

decreased spreading rates of brain cancer. One of the main restrictions is that 

our model is a proxy of brain cells. It has to be a proxy because of the limit 
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of most computers only being able to handle a couple of processes at once, 

whereas a brain has millions of cells doing many different processes 

simultaneously.   

The code relies on two key features; breeds (which are also known as 

agents and see Appendix B for glossary) and procedures. We have 3 breeds 

in our model: brain-cell-proxies, cancer, and inerts. The brain-cell-proxy 

agents are the healthy, non-cancerous green patches. The cancer is the 

bright red, cancerous brain-cell-proxy agents that are formed in a circle in 

the model. Finally, the inerts are the inactive, non-cancerous brain-cell-

proxies that are dark red. These inerts are the agents that are recovered, 

inactive, dead cells and are almost black in color. All three breeds (agents) 

are what you see in the visual part of the model. 

Next we have 6 procedures in our coding. These are setup, go, spread, 

fade-inerts, malignant, and move. (see Appendix C for project code). First, 

the setup procedure basically sets the model up to run. The main functions 

of the setup procedure are to clear the simulation area, then to create the 

brain-cell-proxies, cancerous agents based on the density slider and sets 

their color (green for healthy brain cells and red for cancer cells).  Also, 

when the brain-cell-proxy agents are created they will choose a random 

direction out of forward, backward, left, or right and move in that direction 
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by 1 patch.  Finally the setup procedure resets the ticks back to 0, which is 

the unit of time used in the simulation and code.   

Next the ‘go’ procedure is the main procedure that runs the model. 

The ‘go’ procedure states that when there are no more cancerous agents the 

model is stopped, and it also runs the ‘spread’ procedure, then the ‘fade-

inerts’ procedure, and finally the ‘move’ procedure is run, also these are all 

sub-procedures of the ‘go’ procedure. The final thing that the ‘go’ procedure 

does is it initializes the ticks.  

Then, comes the ‘fade-inerts’ procedure, which sets the inerts agents 

color less than -3.5 of a red and also sets the patch color equal to the agent’s 

color, then becomes inactive (recognized as die in Netlogo). After that, we 

have the ‘spread’ procedure, which is what spreads the cancerous agents. 

This procedure basically states that if the cancerous agents have any brain-

cell-proxy agents within a 1 patch radius then it will perform the ‘malignant’ 

procedure, which, when combined with the ‘spread’ procedure converts the 

brain-cell-proxy agents into cancerous agents.  

Finally, we have the ‘move’ procedure, which states that if a random 

number between 1 and 100 is less than the number on the activity slider, 

then the brain-cell-proxy agent will move in the opposite direction of the 
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agents heading, choose a new direction out of forward, backward, left or 

right and move in that direction and repeat. 

 The image below is taken directly from our written code in Netlogo 

and represents the main procedures (these are ‘go’ and ‘setup’) and the 

breeds. 

  

 The image on the next is also taken from our written code in Netlogo and 

represents the sub-procedures of ‘go’. All of the sub-procedures are used at some 

point in the ‘go’ procedure excluding the sub-procedure malignant. Malignant is a 

sub-procedure of spread.  
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The following image is taken directly from our model and represents 

the simulation at 101 ticks and the parameters of the model. There is some 

black because the density is not at 100 because 100 density would be 

unrealistic as the cancer would spread and kill the whole brain.   
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Experiments, Graphs, Results, and Conclusions 

Experiments 

 We have conducted several experiments based on the density and 

activity in our simulation, but there is only one relevant and accurate 

experiment that was conducted that proves anything. This experiment is 

shown below.  

 

 The first box is telling the experiment to start at 50 density and increase each 

time by 5, and stops at 85 density. The first box also says that the experiment starts 

at 0 activity, increases by 5 each time, and stops at 100 activity. The next box states 

how many times the experiment is repeated. The final box states that the 
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experiment will measure the patches that have a color of less than -3.5 red, but 

greater than -3.7 red.  

Results, Conclusions, and Graph 

We have the results from this experiment as a Microsoft Excel Pivot Graph. 

This graph is also what finalized our conclusions for the simulation and hypothesis. 

This pivot graph from Microsoft Excel is shown below and is very crucial to our 

evidence.  

 This graph shows the total amount of patches that are/were cancerous 

(represented by the y-axis) and the x-axis is separated into 8 columns for the brain 

density percentage that is greater than 50 and divisible by 5. Densities below 50 

show no spreading because the cells are too far apart.  Densities above 85 are too 

dense and have complete spreading.  Each column has activity varying from 0 to 

100.  Spreading spikes at zero activity and becomes an outlier as activity reaches 

100. 
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This graph shows that the higher brain activity is, the less the cancer 

spreads. Density also affects this but it is not a key factor like activity is. The 

density is how many cells the brain has and the activity is how active the brain is. 

Higher density and lower activity leads to more spreading, but lower density and 

higher activity leads to less spreading. This is also supported by the facts that 

“engaged brains are central to long-term physical & mental vigor” (Maximum 

Brainpower). Another fact that supports our graph is a well-known one that 
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“chronic stress compromises the immune system, thus opening the door to disease” 

(Maximum Brainpower). These two quotations are somewhat associated with our 

hypothesis because if chronic stress compromises the immune system the brain is 

focused on healing the immune system and not on staying active, thus reducing 

brain activity, alas, causing a greater risk for brain cancer. So based on this, we 

have come up with the conclusion that the higher brain activity, and lower the 

density, the less spreading of the cancer in the brain. Which also proves that 

physical activity can lead to decreased brain cancer spreading rates.  
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Appendix A 

Fire Model Code 

 

 

   

 The image consists of setup and go and the initial density slider with 

the monitor showing the percent burned based on this density.  
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 Above are the main details of the fire model taken directly from the info 

tab in the fire model in Netlogo’s model library. 
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Appendix B 

Activity: Slider in our model.2 

Agent: Breed (see definition of breed below).2 

Breed: Any part of the Netlogo model that has to be defined or set to 

something.2 

Cancer: Any of a large group of malignant neoplastic diseases characterized 

by the presence of malignant cells. 1 

Density: Slider in our model.2 

Neurogenesis: The formation of the tissue of the nervous system. 1 

Neoplasm: Any abnormal growth of new tissue, benign or malignant. 1 

Procedure: A step-by-step process using lines of code in Netlogo.2 

Ticks: Units of time used in our model.2 
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Appendix C 

Project Code 

 

breed [brain-cell-proxies brain-cell-proxy] 

breed [cancerous cancer]   

breed [inerts inert]   

 

to setup 

  clear-all 

  set-default-shape turtles "tile water" 

  ask patches with [(random 100) <= density]  

  [  

    sprout 1 

      [ 

        set breed brain-cell-proxies  

        set color green   

        set heading (one-of [0 90 180 270])  

        forward 1      

      ] 

  ]   

   ask patches with [pxcor ^ 2 + pycor ^ 2 < 100]  

     [ 

      sprout 1 
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      [ 

        set breed cancerous 

        set color red        

      ]  

    ] 

 

  reset-ticks   

end 

  

to go 

  if not any? cancerous  

    [ stop ] 

  spread 

  fade-inerts 

  move 

  tick 

end 

 

to spread 

  ask cancerous 

  [  

    if any? turtles in-radius 1 with [breed = brain-cell-proxies]  

    [  
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      ask brain-cell-proxies in-radius 1 

      [ 

       malignant  

      ]  

    ] 

    set breed inerts 

    ] 

end 

 

to fade-inerts 

  ask inerts  

  [ 

    set color color - 0.1  

    if color < red - 3.5 

    [ 

      set pcolor color 

      die 

    ] 

  ] 

end 

     

 to malignant 

  set breed cancerous 
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  set color red 

end 

 

to move 

  if (random 100) <= activity  

  [ 

    ask brain-cell-proxies 

    [ 

      forward -1  

      set heading (one-of [0 90 180 270])  

      forward 1 

    ] 

  ] 

end 
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