Introduction and Overview of Course Concepts

In this set of notes we will use a summary of a published research study to convey the main concepts that will be covered in this course. 

Common weed killer turns male frogs into females

Maggie Fox, Health and Science Editor, Reuters March 2, 2010, 7:43 am 
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WASHINGTON (Reuters) - Atrazine, one of the most commonly used and controversial weedkillers, can turn male frogs into females, researchers reported on Monday. The experiment is the first to show such complete effects of atrazine, which had been known to disrupt hormones and which is one of the chief suspects in the decline of amphibians such as frogs around the world. "Atrazine-exposed males were both demasculinized (chemically castrated) and completely feminized as adults," 
Tyrone Hayes of the University of California Berkeley and colleagues wrote in the Proceedings of the National Academy of Sciences. The chemical had been shown to disrupt development and make frogs develop both male and female features -- termed herma-phroditism. This study of 40 male frogs shows the process can go even further, Hayes said. "Before, we knew we got fewer males than we should have, and we got hermaphrodites. Now, we have clearly shown that many of these animals are sex-reversed males," Hayes said in a statement. "Atrazine has caused a hormonal imbalance that has made them develop into the wrong sex, in terms of their genetic constitution."

SIMILAR EFFECTS ON HUMANS?

Whether the effects translate to humans is far from clear. Frogs have thin skin that can absorb chemicals easily and they literally bathe in the polluted water. The European Union banned atrazine in 2004. The finding may add pressure to the United States to more closely regulate the chemical, used widely in agriculture. "Approximately 80 million pounds (36,287 tonnes) are applied annually in the United States alone, and atrazine is the most common pesticide contaminant of ground and surface water," the researchers wrote. "Atrazine can be transported more than 1,000 km (621 miles) from the point of application via rainfall and, as a result, contaminates otherwise pristine habitats, even in remote areas where it is not used," they added, citing other researchers. "In fact, more than a half million pounds (227 tonnes) of atrazine are precipitated in rainfall each year in the United States." The U.S. Environmental Protection Agency said in October it was reviewing the health impacts of atrazine.

Syngenta AG, one of several companies that makes atrazine, has long defended its safety. The company says it is one of the best-studied herbicides available and pointed to prior safety reviews from the EPA and World Health Organization, among others. Hayes and colleagues studied 40 African clawed frogs, keeping them in water contaminated with 2.5 ppb (parts per billion) of atrazine. The EPA's current drinking water standard is 3 ppb. "Ten percent of the exposed genetic males developed into functional females that copulated with unexposed males and produced viable eggs," the researchers wrote. "Regardless of the mechanism, the impacts of atrazine on amphibians and on wildlife in general are potentially devastating," they wrote. "The negative impacts on wild amphibians is especially concerning given that the dose examined here (2.5 ppb) is in the range that animals experience year-round in areas where atrazine is used as well within levels found in rainfall, in which levels can exceed 100 ppb in the Midwestern United States," they added.   □
Q1: In words, what was the goal of the study?

A1: To investigate how exposure to a given level of atrazine in water can change the gender of a frog.
Q2: What would be a probabilistic formulation of this goal, using mathematical symbols?

A2: Let X=The act of noting whether or not a given frog has experienced a sex change, where 
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denotes the event that no change occurred, and 
[image: image2.wmf]]

1

[

=

X

denotes the event that a change occurred. Let 
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denote the probability of noting a sex change. Then the goal of the study could be phrased as: To estimate this probability.
Q3:In words, what was the procedure that was used to achieve the goal of the study?

A3: Forty frogs were placed in water containing 2.5 ppb of atrazine for a given period of time. Each frog was then evaluated for determination of a sex change. The fraction of frogs noted to have experienced a sex change was reported.
Q4: What would the description of the procedure using mathematical symbols?

A4: Let Xk =The act of noting whether or not the kth frog has experienced a sex change. The fraction of the number of frogs noted to have experienced a sex change is taken to be the estimate of 
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is the estimator of 
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Q5: What assumptions are being made in relation to the symbols?
A5: A mandatory assumption would be that each 
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has the same probability structure as X. In other words, for each k, 
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. Typically, it would also be assumed that for any 
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the events 
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are independent events. But this assumption is only needed if one desires to arrive at an estimate of the uncertainty of the estimator 
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. Since no such uncertainty was reported in this article, this assumption is not necessary.
Q6: What would have made the study more conclusive (i.e. trustworthy)?

A6: The word ‘trustworthy’ can be interpreted in many ways. If it is interpreted as ‘more accurate estimation of 
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, then using a larger sample size would make it more trustworthy. If one suspects that there could be other unknown factors that caused the sex change, then a more controlled experimental design would help. For example, one could select various levels of atrazine, ranging from, say, zero, to 10 ppb.
DISCUSSION (Optional: If you don’t feel comfortable with the symbols and math, then there is no need to read this discussion at this point in the course.)
Many people view a statistic as a number, and, as such, accept it at face value. Some people are not so accepting, and would question the uncertainty or error associated with the reported number. However, even this reported error can be ambiguous. The intent of this example was to arrive at a mathematical expression for the random variable which is used to arrive at the numerical statistic. In this example, the random variable was the sample mean, 
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. As a random variable, 
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has, itself, a mean, a variance, and more fundamentally, a probability distribution. 

To illustrate the concepts that we will cover in this course, consider the mean of 
[image: image16.wmf]X

:
Definition 1. Consider a random variable, X, having a sample space 
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and a probability density function 
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defined on 
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. The mean of X , which is typically denoted as 
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is defined as the expected value of X:
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If we apply (1) directly to the random variable 
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in the above example, we have

                                          
[image: image23.wmf]ò

·

=

=

X

S

X

X

dx

x

f

x

X

E

)

(

)

(

m

.
(2)

In order to carry out the computation (2), we need two pieces of information. First, we need to know what 
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is. With a little bit of thought (and reading of Chapter 1), it should be easy to see that 
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. Second, we need the probability density function (pdf) 
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. Since the sample space is discrete (c.f. Ch.1) the equation (2) in our example is not a formal integral. Rather it is:
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And so, what we need is 
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. This is typically not an easy thing to get! IF we assume that the random variables 
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are not only identically distributed but are also independent, THEN ‘it can be shown’* that 
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 has a binomial probability distribution with known parameter 
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and with unknown parameter 
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. In this case, we have
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Substituting (4) into (3) gives:
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As intimidating as (5) may appear, again, ‘it can be shown’* that       
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And so, even though we do not know the numerical value of 
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, what we DO know from (6) is that the statistic 
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is an unbiased estimator of 
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Now, the student who is not really ‘up to speed’ on probability and statistics might feel his/her head beginning to spin at this point. A reasonable question might be:

        Isn’t there an easier way to show that 
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is an unbiased estimator of 
[image: image41.wmf]X

p

?

The answer to this question is YES! And it is based on the fact that the expected value operation 
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 is a linear operation. From the left side of (2) and the definition of 
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That was easy enough. Furthermore, it did not require any assumptions related to 
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Substituting (8) into (7) gives:
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But it is entirely reasonable to assume that for each k, we have 
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Conclusion: By using the linearity of 
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, we were able to show (in a relatively easy way), that 
[image: image52.wmf]X

p

)

is an unbiased estimator of 
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Why did we go through this mathematical exercise at such an early stage in the course?

· To illustrate the value of knowing how to formulate the random variables that give rise to reported numerical statistics.
· To highlight that various assumptions are made whether explicitly, or implicitly.
· To introduce the notation that will be developed and used throughout the course.
· To highlight the fact that integration is simply the act of summing things.
· To convey to those who might become bored with chapters 1 and 2, that these chapters are included mainly to provide the notational basis for subsequent chapters that will comprise the bulk of this course. 
Of course, by presenting such a mathematical framework at this early stage, there is a risk that students who are uncomfortable will consider dropping the course. To those students, I would say: Please hold off on such a consideration. There is a wide range of students enrolled in this course. The above discussion included a good fraction of the topics that we will cover in detail throughout the course. If you don’t grasp much of what was going on, that is natural. Don’t worry. What every student should have grasped is that numerical statistics result from random variables. And having a clear understanding of the nature of those variables is essential to an understanding of the ‘quality’ of the reported numbers.  
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