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Executive Summary 
 
Many Americans, throughout their lifetime, have taken a CT scan. Now, you 

may be wondering, what harm does that that do? One scan never hurt anyone. Well, 
you’re right. One scan never hurt anyone. However, because of common problems 
such as poor resolution and poor handling, CT scans are often inconclusive, leading 
to more, unneeded scans, which means more, unneeded radiation, and that is 
harmful. Too much radiation is being emitted from CT scanners, which can lead to 
serious illness or death. Our group felt the need to reduce radiation for CT scan 
users while keeping a fairly high image resolution level.  

 
“All of that exposure poses serious health threats. Researchers 

estimate that at least 2 percent of all future cancers in the U.S.—

approximately 29,000 cases and 15,000 deaths per year—will stem from 

CT scans alone.”1  

 
Our group worked hard to find some sort of solution to this problem, and 

decided that the best course of action was not to reprogram CT scanners as we first 
believed, but to find a formula that gave patients that right amount of radiation 
based on their weight. 

 
 
 

 

 



Introduction 
 
 This project is all about helping doctors find a solution to radiation overdose, 
and to, in the future, possibly provide info to the public, to people who take regular 
CT scans about their possible danger.   

To do this, our group has collected a lot of information on the topic, 
exchanged emails with a CT scan operator, read many informational articles 
expressing the danger of CT scan overdose and how ignorant some CT scan users 
were about their peril, and came to a basic conclusion that we think may someday 
be developed into a solution, or at least used.  
   

While we believe that people are getting too much radiation in CT scans, 
doctors are, in fact, trying very hard to do this already.  
  
 “We have different protocols that we can choose to minimize the 

dose.  The tech also takes an oath of ALARA(as low as reasonably 

achievable) and that means we are required by law to give that patient the 

lowest dose possible without sacrificing resolution.  Our scanners are also 

programmed in the software to warn us that our dose may be too high 

and we have to adjust the scan parameters in order to continue with the 

scan.  By law if we are going to be scanning pediatric patients we have to 

have a different set of protocols for different ages that is based on 

weight.”2 

 
In conclusion, our group realized and expressed the dangers of CT scans, researched 
possible outlets of solving this problem, and eventually found a formula for reducing 
radiation that we believe could potentially assist doctors and patients alike in solving 
this major problem. 



Project Description 
 

 To accomplish this project, my partner and I first had to determine how we 
were going to solve this problem. This leads into the second step. 
 Research. We researched the dangers of CT scans first, so we could fully 
understand the urgency of the situation. Next, we got in contact with a CT scan 
operator, Ms. Mellissa Valencia3, and asked her about how she suggested we solve 
this problem. We researched specific parts of the CT scanner, such as the X-ray tube, 
mA/second (milliamperage per second), and kVp (kilovoltage peak).  We found the 
answer to our first step through this research. In one particular email from Ms. 
Valencia, she mentioned that doctors determined the radiation does by judging their 
size. 
 
 “What we do to reduce radiation dose to our patients, is consider 

their size.  If they are a larger patient their dose is going to be a lot more 

than a thinner patient.”4 
 
 We then knew that our goal was to find a specific formula for judging how 
much radiation should be used based on a person’s weight. 
 Next, we knew we had to research some more. We emailed Ms. Valencia with 
follow-up questions and looked up previous values for radiation dose based on age. 
 Following that, we had only to determine an approximate formula that 
relates radiation does to age or weight of patient, and apply it to our NetLogo code. 
 
Materials Used: 

• NetLogo 
• Gmail 
• Several radiology dedicated sites 

 



Results 
 

  
Research: 

 
 
1) The Dangers of CT Scans  
“But recent research shows that about one-third of those scans 

serve little if any medical purpose. And even when CT scans or other 

radiology tests are necessary, doctors and technicians don’t always take 

steps to limit radiation exposure.”5   

  

Our group has found that CT scans can pose threats to a patient’s health. 

 
2) Parts and Terms of a CT Scanner 

• X-ray tube: The x-ray tube produces radiation, and shoots it through 
the patient’s body. It has two parts, the cathode and the anode. The 
cathode makes electrons that go through a conductor to the anode, 
which creates the x-ray beams. The electrons then complete the 
circuit, and power a heater that creates more electrons. 

• kVp (kilovoltage peak): This is the highest voltage the x-tube can have; 
the highest energy the x-ray photons can hold. It helps the electrons 
speed towards the anode. 

• mA/second (milliampereage per second): A unit of measurement that 
measures the amount of x-ray energy produced.  

 
 

3) Emails with Ms. Valencia 
 

• Date: February 1, 2016 Sent by: Savannah Phelps   
 

“Dear Melissa, 

I am Savannah Phelps, a student at Jackson Middle School. I am in a 

program called Super Computing Challenge, which allows students to 

choose their own research project, design it, and solve a problem in the 

world. I, with my partner, have chosen to find a way to reduce CT scan 

radiation, and we would like to ask you a few questions to help us with 

mailto:savannah22snowleopard@gmail.com


this topic.  

 

We have a few example questions. If you could please consider them 

and follow up with us.  

 

1) Do you think there is a way to reduce radiation in CT scans? 

2) Do the scanners have a specific computer program that they run on? 

3) Are there any parts of the machine that affect the level of radiation? 

4) How much resolution do you need to have in a CT scan image to 

understand it? 

 

If possible we would like to have a Skype or FaceTime chat with you, or 

even have you come to talk to us at our school.  

 

Thank you, 

Savannah Phelps 

 

P.S. My partner's name is Brandon Pham. His email is 

brandon.pham243@gmail.com.” 
 

• Date: February 29, 2016 Sent by: Melissa Valencia  
 

“Savanna, 

I think your questions are very good ones and I appreciate your 

interest in keeping radiation levels low to help protect our patients and 

our environment. 

 1) Do you think there is a way to reduce radiation in CT scans? 

1.       What we do to reduce radiation dose to our patients, is consider 

their size.  If they are a larger patient their dose is going to be a lot 

more than a thinner patient.  We have different protocols that we can 

choose to minimize the dose.  The tech also takes an oath of ALARA(as 
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low as reasonably achievable) and that means we are required by law 

to give that patient the lowest dose possible without sacrificing 

resolution.  Our scanners are also programmed in the software to warn 

us that our dose may be too high and we have to adjust the scan 

parameters in order to continue with the scan.  By law if we are going 

to be scanning pediatric patients we have to have a different set of 

protocols for different ages that is based on weight. 

2) Do the scanners have a specific computer program that they run on? 

Yes we have what we call protocols and they are specific to body part.  

For example we have a CT head, CT neck, CT chest and so on. We 

develop these protocols with a group of doctors called radiologists and 

they pick what scan parameters they want for each body part. When 

the technologist has a CT head exam, they would just click on the head 

protocol and the parameters that effect dose will be built in. 

3) Are there any parts of the machine that affect the level of radiation? 

      Yes the Kvp kilovoltage and mAS  Milliamperage /second 

4) How much resolution do you need to have in a CT scan image to 

understand it? 

     I am not aware of any way to measure resolution, but there is 

always a trade-off when you want to have a low dose scan.  You 

cannot compromise      resolution because the exam might not be of 

diagnostic quality and then the patient may have to come back to 

repeat the scan and that would mean that you gave him twice the 

amount of radiation because your scan was not diagnostic. 

Here at RAA, we have a low dose scanner that allows us to use low 

doses of radiation which does affect the resolution.  But we have 

software that will reconstruct the raw data and remove some of the 

noise which causes the image to be non diagnostic.  It kind of looks 

like a fuzzy picture on a TV screen and the software is like a TV 

antenna which makes the image a lot clearer. 

Hope this helps. 



Best regards, 

Melissa Valencia RT (R)(CT)(M)(MRI)” 

 
• Date:  February 29, 2016 Sent by: Savannah Phelps 

 

“Dear Melissa, 

Thank you an enormous amount for responding! Your answers have 

and will be very helpful to us! 

 

I have a few follow-up questions that will help even more: 

 

1) You mentioned that you have a specific code for each body part's 

scan. Do you have a code for an abdominal scan? If so, it would really 

help my partner and I to have it. (If that is possible of course.) 

 

2) You explained that you adjusted the amount of radiation based on 

body size. Is there a specific formula that is used to determine that 

amount? If so, it would be helpful to know. 

 

3) You described a software program that reconstructed the CT scan 

image into something diagnostic. If that is sendable, it would be useful 

to have. 

 

If there is a way to send us the formula and programs above, it would 

mean so much, and definentally lead to us finishing our project. 

Thanks again for helping us so much, 

Savannah Phelps” 
 

• Date: March 1, 2016 Sent by: Melissa Valencia 
“Savannah, 

I am not sure which code you want for the abdomen.  Do you mean 

the protocol with the scan parameters? 



We use the weight of the patient to choose the protocol and dose.  

The rule we usually follow is 200lb or greater will require that we use 

more mAS and Kvp which will result in a higher dose for the patient. 

We do not have a formula and the CT technologist is trained to adjust 

scan parameters based on a “scout” picture which is the initial scan we 

take before we run the actual scan. 

ASiR is (adaptive statistical iterative reconstruction) GE’s ASiR dose-

reduction technology: A reconstruction technology that may enable 

reduction in pixel noise standard deviation. 

ASiR provides these important imaging benefits:  

ASiR may allow for reduced mA in the acquisition of diagnostic images, 

thereby reducing the dose required.1 

ASiR may enable improvement in low-contrast detectability. 

ASiR may help clinicians achieve confident diagnoses with lower dose.1 

 

1. In clinical practice, the use of ASiR may reduce CT patient dose 

depending on the clinical task, patient size, anatomical location 

and clinical practice. A consultation with a radiologist and a 

physicist should be made to determine the appropriate dose to 

obtain diagnostic image quality for the particular clinical task. 

2) We have a GE scanner and this information is from their website. It 

is http://www3.gehealthcare.com/en/products/categories/pet-ct/pet-

ct_applications/asir 

3) Look on GE’s website, I think you will find a lot of helpful 

information there. 

4) Melissa” 

 
• Date: March 7, 2016 Sent by: Savannah Phelps 

“Dear Melissa, 

http://www3.gehealthcare.com/en/products/categories/pet-ct/pet-ct_applications/asir
http://www3.gehealthcare.com/en/products/categories/pet-ct/pet-ct_applications/asir


In an email you sent me, you said that you judged how much radiation 

to use in a CT scan was based off of a person's weight. 

 

"What we do to reduce radiation dose to our patients, is consider 

their size.  If they are a larger patient their dose is going to be a lot 

more than a thinner patient." 

 

I have a few questions about this: 

 

1) Is there a specific formula that determines the radiation dose? If so, 

what is it? 

 

2) You mentioned that the pact of ALARA was to give the lowest 

amount of radiation without sacrificing resolution. Is there a certain 

amount of radiation that is too little? That doesn't provide the needed 

resolution? 

 

Sincerely, 

Savannah” 

 
• Date: March 7, 2016 Sent by: Melissa Valencia 

 
“Savannah, 

It’s a little more complex than giving you a formula and have you try 

 make sense of it without being a physicist or a CT tech, but attached 

is a link that can hopefully give you some of the formulas that you are 

looking for.  Good luck. 

https://www.aapm.org/meetings/2011CTS/documents/McNitt-

GrayAssessingRadiationdoseFINAL.pdf” 

 
Results: 
 We have found that physicists have found a complicated formula already that 

https://www.aapm.org/meetings/2011CTS/documents/McNitt-GrayAssessingRadiationdoseFINAL.pdf
https://www.aapm.org/meetings/2011CTS/documents/McNitt-GrayAssessingRadiationdoseFINAL.pdf


calculates the effective dose of a scan (the amount of radiation needed) by 
calculating the dose of each particular organ6.  
 However, this is a difficult formula requiring several calculations and tests. 
To assist in this, CT scanners have built-in codes that prescribe certain radiation, as 
well as a basic rule that people over 200 pounds will receive extra radiation. (See 
Melissa Valencia’s email from March 1.) 



Conclusions 
  
 In conclusion to this project, scientists are already fairly far in creating a 
formula for doctors to use when estimating an effective dose for patients.6 This 
formula is complicated and requires an extensive knowledge of CT scanners, 
physics, and mathematics. The subject we have chosen has proven itself to already 
be too far along for 6th graders to tackle, but there are other problems relating to CT 
scans that could be researched and potentially solved. 
 Through research on false-positives on CT scans, there appears to be a high 
rate of mistakes made about lung cancer. With false-positives or false-negatives, the 
doctor analyzing the scan may make a mistake of a patient having something they 
don’t, or being free of something they have. This can potentially be a big disaster. 
  

“Screening for lung cancer using computed tomography (CT) scans 

can yield a high rate of false-positive results, according to a study 

published in the Annals of Internal Medicine. False-positive results are 

risky because they may lead to invasive follow-up testing, financial 

burden, and anxiety.”7 
 
 We did not accomplish what we thought we would, but we believe that we 
have accomplished something that could, in the future, assist scientists or other 
students such as ourselves as they try to solve this problem. 



Recommendations 
 We believe that this project was only the research phase of a project that 
could eventually save many people. If we had more time with this project, we would 
focus more fully on reducing the number of false negatives and positives using our 
research in this report. Helping doctors to receive more accurate results would 
fulfill our purpose in undergoing this project. 
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Code 
 
to setup 
ca 
create-turtles 12  
[ set shape "happy" ] 
ask turtles [ set label "" ] 
ask turtles 
[set size 10] 
end 
 
 
to go 
ask turtles [ forward 32 ] 
ask turtles 
[ if amount-of-radiation > 8000 
  [ set shape "radiation" ] 
] 
ask turtles   
  [ if Scan-type  = 1  
    [ let mynumber (8 * num-scans) + (3.65 * age) 
  set amount-of-radiation mynumber ] 
  ] 
ask turtles   
  [ if Scan-type  = 2  
    [ let mynumber (7 * num-scans) + (3.65 * age) 
  set amount-of-radiation mynumber ] 
  ] 
ask turtles   
  [ if Scan-type  = 3  
    [ let mynumber (1.5 * num-scans) + (3.65 * age) 
  set amount-of-radiation mynumber ] 
  ] 
ask turtles   
  [ if Scan-type  = 4  
    [ let mynumber (2 * num-scans) + (3.65 * age) 
  set amount-of-radiation mynumber ] 
  ] 
ask turtles   
  [ if Scan-type  = 5  
    [ let mynumber (10.6 * num-scans) + (3.65 * age) 
  set amount-of-radiation mynumber ] 
  ] 
ask turtles   
  [ if Scan-type  = 6  
    [ let mynumber (0.6 * num-scans) + (3.65 * age) 



  set amount-of-radiation mynumber ] 
  ] 
ask turtles   
  [ if Scan-type  = 7  
    [ let mynumber (0.4 * num-scans) + (3.65 * age) 
  set amount-of-radiation mynumber ] 
  ] 
 ask turtles 
 [ if amount-of-radiation > 0 
   [let mynumber  8000 - amount-of-radiation 
     set how-close mynumber ] 
 ] 
end 
 
 
;; Millisieverts fatal: 8000 
;; 3.65 millisieverts abosrbed annualy 



 

 
 


