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             The total amount of alcohol in the body at any given time, in milliliters.  At the beginning of the model, the subject has no alcohol in their body.  
             0 {mL}
             Alcohol_Intake
             Oxidation
             
             
        
         
             The weight, in pounds of the subject.  Body weight is used to calculate the volume of distribution (Vd), the volume of the body which can absorb liquids.  This body weight convertor allows the user to change the subject's weight, either here or by means of a slider on the authoring layer. 
             150 {pounds}
             
        
         
             The volume of the body throughout which liquids, such as alcohol, can flow.  For men, it is by multiplying body weight (in pounds) by .36667 and for women by .30556.  (In this convertor's equation, the number in the "Gender convertor, either 1 or 0, determines which number will be used.)  Vd is calculated in liters, and then multiplied by 1000 to get milliliters.  Note: This assumes that the subject is not heavily overweight; if so, another equation would be needed to calculate Vd, since the fat percentage in the body is an element of the calculation.
             IF Gender = 1 THEN (Body_Weight*.36667*1000) ELSE (Body_Weight*.30556*1000) {mL}
             
        
         
             The rate at which alcohol is oxidated, or removed, from the body.  The average, healthy, adult human liver can oxidate between .25 and .33 ounces (7.343 and 9.759 mL) per hour.  (We use the lower end of this range, but the user can change it if he or she wishes.)  This is a constant rate, regardless of age, gender, or the amount of alcohol in the body (i.e. it is linear, not exponential), and this rate continues until all the alcohol has been oxidated.
             7.343
             
             
                 
                     
                     
                
            
        
         
             The Alcohol Intake at any given hour, in milliliters, is calculated as the Number of Drinks each hour and the amount of Pure Alcohol in Each Drink.
             Pure_Alcohol_in_Each_Drink*Number_of_Drinks {mL} 
             
             
                 
                     
                     
                
            
        
         
             The amount of pure alcohol in each drink.  For the purposes of this model, it will be assumed that each drink has the same amount of alcohol, .5 ounces or 14.787 milliliters.  A 12-ounce glass of beer, 4-ounce glass of wine or 1-ounce shot of liquor has about .5 ounces of alcohol.
             14.7867647813 {milliliters}
             
        
         
             Blood Alcohol Concentration (BAC) is the standard term used in legal matters to determine how much alcohol someone has in their bloodstream. BAC is determined as mL of alcohol in the body, divided by the total Volume of Distribution, in milliliters.  (The quotient is then multiplied by 100 to obtain a percentage.)
             (ALCOHOL_IN_BODY/Volume_of_Distribution)*100 
             
        
         
             This convertor acts as an on/off switch for the purpose of determining gender.   If the subject is male, it is set to 1; if female, 0.  This is necessary because males and females have a different percentages of the body which can absorb liquid like alcohol, and have to be modeled differently.  The user can change the number in the convertor, or by means of the "male/female" switch on the authoring layer.
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             The Blood Alcohol Level at which one can no longer drive legally.  This convertor provides a baseline against which the subject's Blood Alcohol Concentration can be compared.
             .08
             
        
         
             The Blood Alchol Concentration at which a person begins to lose gross motor control and begins to stumble and fall.  (There is gradual loss of fine motor control beginning around .03 %.)   This convertor provides a baseline against which the subject's Blood Alcohol Concentration can be compared.
             .15
             
        
         
             The Blood Alcohol Concentration at which a person loses consciousness and can conceivably slip into a coma.  Unconsciousness, coma, and death all occur at very close intervals.   This convertor provides a baseline against which the subject's Blood Alcohol Concentration can be compared.
             .4
             
        
         
             A graph of the relationship between Blood Alcohol Concentration and the increase in reflex-action time (the time that it takes to see something and begin to react to it).  Alcohol dulls a person's responses and increases the time it takes to react, thus creating a danger when the subject is driving or engaged in a similar activity.
             BAC
             
                 
                 0,0.02,0.040000000000000001,0.059999999999999998,0.080000000000000002,0.10000000000000001,0.12000000000000001,0.14000000000000001,0.16
                 0,27,36,54,81,108,123,159,201
            
             
        
         
             The reflex-action time of a hypothetical driver.   Reflex-action time is the amount of time that it takes the subject to receive a stimulus (i.e. see a danger) and to begin their reaction to it (i.e. push the brake pedal in a car).  The average reflex-action time of an adult, who is not tired, ill or otherwise incapacitated, is 600 milliseconds.  When alcohol is in the blood stream, reflex-action time is increased.
             600+Impairment_of_Reflex_Action {milliseconds}
             
             
                 
                     
                     
                
            
        
         
             The average reflex-action time for a sober, awake driver.  This convertor provides a baseline against which to measure the subject's reflex-action time. (see: Reflex-Action Time flow)
             600 {milliseconds}
             
        
         
             0
             Number_of_Drinks
             
             
        
         
             TIME
             
             
                 
                 0,1,2,3,4,5,6,7,8,9,10,11,12
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             The total amount of alcohol in the body at any given time, in milliliters.  At the beginning of the model, the subject has no alcohol in their body.  
             0 {mL}
             Alcohol_Intake_2
             Oxidation_2
             
             
        
         
             The weight, in pounds of the subject.  Body weight is used to calculate the volume of distribution (Vd), the volume of the body which can absorb liquids.  This body weight convertor allows the user to change the subject's weight, either here or by means of a slider on the authoring layer. 
             150 {pounds}
             
        
         
             The volume of the body throughout which liquids, such as alcohol, can flow.  For men, it is by multiplying body weight (in pounds) by .36667 and for women by .30556.  (In this convertor's equation, the number in the "Gender convertor, either 1 or 0, determines which number will be used.)  Vd is calculated in liters, and then multiplied by 1000 to get milliliters.  Note: This assumes that the subject is not heavily overweight; if so, another equation would be needed to calculate Vd, since the fat percentage in the body is an element of the calculation.
             IF Gender_2 = 1 THEN (Body_Weight_2*.36667*1000) ELSE (Body_Weight_2*.30556*1000) {mL}
             
        
         
             The rate at which alcohol is oxidated, or removed, from the body.  The average, healthy, adult human liver can oxidate between .25 and .33 ounces (7.343 and 9.759 mL) per hour.  (We use the lower end of this range, but the user can change it if he or she wishes.)  This is a constant rate, regardless of age, gender, or the amount of alcohol in the body (i.e. it is linear, not exponential), and this rate continues until all the alcohol has been oxidated.
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             The Alcohol Intake at any given hour, in milliliters, is calculated as the Number of Drinks each hour and the amount of Pure Alcohol in Each Drink.
             Pure_Alcohol_in_Each_Drink_2*Number_of_Drinks_2 {mL}
             
             
                 
                     
                     
                
            
        
         
             The amount of pure alcohol in each drink.  For the purposes of this model, it will be assumed that each drink has the same amount of alcohol, .5 ounces or 14.787 milliliters.  A 12-ounce glass of beer, 4-ounce glass of wine or 1-ounce shot of liquor has about .5 ounces of alcohol.
             14.7867647813 {milliliters}
             
        
         
             Blood Alcohol Concentration (BAC) is the standard term used in legal matters to determine how much alcohol someone has in their bloodstream. BAC is determined as mL of alcohol in the body, divided by the total Volume of Distribution, in milliliters.  (The quotient is then multiplied by 100 to obtain a percentage.)
             (ALCOHOL_IN_BODY_2/Volume_of_Distribution_2)*100 
             
        
         
             This convertor acts as an on/off switch for the purpose of determining gender.   If the subject is male, it is set to 1; if female, 0.  This is necessary because males and females have a different percentages of the body which can absorb liquid like alcohol, and have to be modeled differently.  The user can change the number in the convertor, or by means of the "male/female" switch on the authoring layer.
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             The Blood Alcohol Level at which one can no longer drive legally.  This convertor provides a baseline against which the subject's Blood Alcohol Concentration can be compared.
             .08
             
        
         
             The Blood Alchol Concentration at which a person begins to lose gross motor control and begins to stumble and fall.  (There is gradual loss of fine motor control beginning around .03 %.)   This convertor provides a baseline against which the subject's Blood Alcohol Concentration can be compared.
             .15
             
        
         
             The Blood Alcohol Concentration at which a person loses consciousness and can conceivably slip into a coma.  Unconsciousness, coma, and death all occur at very close intervals.   This convertor provides a baseline against which the subject's Blood Alcohol Concentration can be compared.
             .4
             
        
         
             A graph of the relationship between Blood Alcohol Concentration and the increase in reflex-action time (the time that it takes to see something and begin to react to it).  Alcohol dulls a person's responses and increases the time it takes to react, thus creating a danger when the subject is driving or engaged in a similar activity.
             BAC_2
             
                 
                 0,0.02,0.040000000000000001,0.059999999999999998,0.080000000000000002,0.10000000000000001,0.12000000000000001,0.14000000000000001,0.16
                 0,27,36,54,81,108,123,159,201
            
             
        
         
             The reflex-action time of a hypothetical driver.   Reflex-action time is the amount of time that it takes the subject to receive a stimulus (i.e. see a danger) and to begin their reaction to it (i.e. push the brake pedal in a car).  The average reflex-action time of an adult, who is not tired, ill or otherwise incapacitated, is 600 milliseconds.  When alcohol is in the blood stream, reflex-action time is increased.
             600+Impairment_of_Reflex_Action_2 {milliseconds}
             
             
                 
                     
                     
                
            
        
         
             The average reflex-action time for a sober, awake driver.  This convertor provides a baseline against which to measure the subject's reflex-action time. (see: Reflex-Action Time flow)
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             To Drive Or Not To Drive
             Jonathan BarburShanna PrevéStephany YergerLa Salle High SchoolMilwaukie, Oregon - 1999
             
                 
            
             Facts About Alcohol
             • A 12-oz. mug of beer, a 4-oz. glass of wine, or a 1-oz. shot of liquor has the same amount of pure alcohol – about one-half ounce.• Alcohol is a depressent – a drug which slows your reflexes and dulls your judgement• Alcoholism is an addictive drug - some teens become alcoholics within six months of taking their first drink• Alcohol causes FIVE times more deaths than cocaine, heroin and other illicit drugs combined• A teen has a drug or alcohol-related crash every FIVE seconds• Drinking and driving crashes are the NUMBER ONE cause of death among teenagers• More than 12,000 American teens are killed - forty thousand disfigured - each year in alcohol-related crashes
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             
                 
            
             Many elements contribute to an individual's Blood Alcohol Concentration. The following elements are incorporated into this model:
             Elements of the Model
             • Number of drinks• Body weight• Gender• Time
             Common Situations
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             Scenario 1.Dinner:Male, 180lb.Female, 120lb.Drinks:2,2,1Scenario 2.Party:Male, 150lb. Drinks:4,5,2,3,0,2Scenario 3:Male, 150 lb.Drinks:You figure it out!
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Students Taking a Systems Approach to Drinking and Driving


Stephany Yerger, Class of 1999
La Salle High School
Milwaukie, Oregon


Alcohol kills five times more people than cocaine, heroin, marijuana and all other illicit drugs
combined.


Everyday, people of all ages use or abuse alcohol. The social costs of caring for abusers often
prevails over the cost of educating our youth on the issues of drinking and driving and each year
hundreds more become addicted, often taking to the road while under the influence. In
conjunction with a Religious Studies III Systemic Transformation Action Plan and the 1998
SyM*Bowl competitor, Shanna Prevé, Jon Barbur, and I set out to create a tool for hands-on
alcohol education using STELLA.


The Waters Foundation's generous grant to La Salle High School has enabled us, over the past
year, to take a System Dynamics class where we use STELLA to study how things change over
time. As a part of the second semester, we had the opportunity to study and develop a model for
the SyM*Bowl. Unlike the previous classroom tutorials and guided model building, our
preparation, research and actual model creation was done independently. Because our Religious
Studies group was in the process of founding a Students Against Destructive Decisions
(S.A.D.D.) chapter at La Salle, the idea for an interactive, visual simulation depicting how
alcohol consumption impairs a driver came to mind. Wrongly assuming that this would be a
simple task, we decided to pursue the idea for our SyM*Bowl project.


Like the drug absorption/elimination models that we had studied earlier, we assumed that a
format for alcohol oxidation existed in the STELLA world. Indeed, we discovered a model
format, but it was based around false data and a misunderstanding of the oxidation process. So,
from scratch, we summoned up our model building skills and collectively began a model that has
yielded us much more personal satisfaction than we ever expected.


The thought process was complicated, as we all had to agree on one working idea. The hours of
research and time spent working together left us with a new definition of the word teamwork. We
pulled together when it counted, though, and after nearly a month of hard work, the final copy of
the paper and model "How Does Alcohol Affect A Driver's Reflex Action Time?" successfully
printed.


The simplicity of the model makes its hands-on use easy to understand. Although there are many
factors that affect the reaction to drinking alcohol each individual will have, we narrowed it down
to gender, body weight, amount of pure alcohol consumed, and time.  After the level of
intoxication for the virtual person is calculated, we are able to apply the physics portion of the
model, which displays how each drink of alcohol slows one’s normal reflex-action time of .75
seconds. Ultimately, we will add how that, in turn, reduces the car’s capacity to stop in the event
of a problem.


The day of the SyM*Bowl competition came and went. We received honorable mention for the
social significance of our project, but to our disappointment, we did not place. Our inability to
make it to the final round of judging stemmed from our relatively small amount of STELLA
experience and our model's lack of one key part: the feedback loop. The accuracy of the data
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produced by the model, however, was never in question. Looking back, we now understand some
of our model building problems and we understand how to change a lot of them.


Over the summer, the Oregon Partnership, a non-profit drug and alcohol prevention organization,
and the Oregon Department of Transportation, have awarded the three of us a grant to develop the
model so that it addresses a few other key factors:  mixed drinks versus pure alcohol; persons
who weigh under 100 lbs; driving a motorcycle, riding a bike, or walking;  the effect of minute
amounts of alcohol;  and various sizes and types of vehicles. We plan to keep the model fairly
simple because we will be using it to educate high school health classes, as well as younger
children; consequently, it needs to be at a level of understanding that doesn't require a STELLA
interpreter. Our turnaround time for these adaptations is six months.


During this next semester, we have been asked to use the model to present at meetings before the
Governor's Council of Drugs and Alcohol, to lobby for legislation that supports a legal limit
lower than .08 blood alcohol concentration, and to continue its use in health classes in our school.
Our first experience with presentations of the model to our peers was very recent as we helped to
introduce an extended unit on Drugs and Alcohol to the Sophomore Health classes.


The three of us also have the job of recruiting up to four new students from our school who are
familiar with the program and whom we believe will honestly be able to implement our ideas.
The new students will follow in our footsteps next year when we move on to college, using the
grant money to take the new and improved version of the model into local elementary, middle
and high schools to help educate kids on the very real dangers of drinking and driving. It is likely
these new modelers will further adapt the model, if not build other models, such as the long-term
effects of alcohol use on a liver.


The opportunities provided to us have been enormous, and we intend to continue our endeavors to
help educate our peers on the dangers of drinking and driving.  The knowledge that we have the
power to make a difference has allowed us to taste the sweetest of all successes.
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