Advanced Biometry (Biol6090) - Fall 2019        Homework #1          Student name: ____KEY____________


NOTE:  Do not Turn This In. Homeworks will not be graded
Homework in preparation for quiz #1 – on September 17
  

1)  Define and list the steps involved in strong inference.  Summarize the criticisms of strong inference posed by Quinn & Dunham (1983) and briefly explain where you fall on this philosophical discussion, on the basis of your scientific experience and your particular field of research (Note: your answer should not exceed one page of text).
Strong Inference is a highly systematic approach of doing science, designed to exclude possible explanations using conclusive experiments.  Strong inference consists of applying the following steps to answer scientific questions, formally and explicitly:
·  1.  Devise alternative hypotheses
·  2.  Devise crucial experiments, with alternative possible outcomes, which will exclude one or several of the possible hypotheses 
·  3.  Carry out the experiment(s)
·  4.  Recycle the procedure, devise sub-hypotheses to refine remaining options
·  5.  And so on … 
Quinn & Dunham (1983)’s abstract and conclusions summarize their main criticisms of strong inference:
A)  Overall Approach Differs:  Strong Inference uses a deductive approach, while ecological research often follows an inductive approach.

B)  Strong Inference emphasizes the falsification of binary hypotheses (Y / N), while ecological research weights the relative importance (%) of multiple effects.

C)   From a practical standpoint, there are three main differences in these two approaches:
i)  Cannot formulate finite number of possible hypotheses, when dealing with multiple co-existing factors to be tested.  The number of possible combinations of relative strengths is infinite.

ii) Focus on single alternate hypotheses promotes uni-variate approaches that ignore interacting variables.

iii)  Cannot formulate meaningful null hypotheses, when dealing with multiple co-existing factors.  The null hypothesis that there will be no effect or influence from a given factor seems trivial. 
2)  Given two 8-sided dice, with the faces numbered 1 to 8, what is probability of:

- a total count of 7 by summing the values from the two top surfaces – in a single toss?
Ways to get a score of 7:  1+6, 2+5, 3+4, 4+3, 5+2, 6+1  ->  6 ways

Number of possible outcomes:  8 sides * 8 sides -> 64 outcomes        P(getting a seven) =  6 / 64 = 0.094
- a total count of 7 or 10 by summing the values from the two top surfaces – in a single toss?
Ways to get a score of 10:  8+2, 7+3, 6+4, 5+5, 4+6, 3+7, 2+8  ->  7 ways

Total number of possible outcomes:  8 sides * 8 sides -> 64 outcomes

P(getting a ten) =  7 / 64       P(getting a ten or a seven) = 13 / 64 = 0.203
- a total count of 7 or 10 – at least once –  by summing the values from the two top surfaces                                    – in 4 tosses of both dice?
P(not a 7 OR 10) in a single toss = 51 / 64      P(not a 7 OR 10) in 4 tosses = (51 / 64) 4 = 0.404
P(at least one 7 OR 10) in 4 tosses = 1 – 0.404 = 0.596
- a total count of 7 or 10 – at least twice –  by summing the values from the two top surfaces                                    – in 5 tosses of both dice?
Two ways -  simpler way:

P(no 7 OR 10) in 5 tosses = (51 / 64) 5 = (0.797) 5 = 0.322
P(one 7 OR 10) in 5 tosses = 5 * (13 / 64) * (51 / 64) 4  = 0.4095 

 (Note:  5 ways to organize one success (getting a 7 OR 10) amongst five trails)

Sum (none OR one success) = 0.3213 + 0.4095 = 0.7308
Hence, P(two or more successes) = 1 – 0.7308 = 0.2692
Two ways -  harder way:
P(5 successes) = (13 / 64) 5 = 0.0003
P(4 successes) = (13 / 64) 4 * (51 / 64) * 5 = 0.0068   (Note: 5 ways to organize 1 success in 5 trials)

P(3 successes) = (13 / 64)3 * (51 / 64) 2 * 10 = 0.0532  (Note: 10 ways to organize 3 successes in 5 trials)

P(2 successes) = (13 / 64)2 * (51 / 64) 3 * 10 = 0.2088  (Note: 10 ways to organize 2 successes in 5 trials)

Sum of these four probabilities = 0.2692
3) Define the null and the alternate hypothesis, and illustrate how they would be formulated  for               the “witch” scene from Monty Python we watched in class (Note: to watch the skit, click on the following link:  http://www.youtube.com/watch?v=yp_l5ntikaU.  The link will take you to the youtube).  Explicitly state what are the predictions of the experiment shown in the movie.  Note: come up with exclusive and exhaustive hypotheses / predictions.  If she was, in fact not a witch, what type of error did this experiment produce?  (Provide the name and define the term).  Define the p-value and explain how it relates to the probability of committing this type of statistical error.
Null Hypothesis:  There is no pattern or statistical association between the variables.   The observed pattern is due to sampling error (random variation).  This is the simplest possible explanation.

Alternate Hypothesis:  There is a pattern or statistical association between the variables.   The observed pattern is not due to sampling error (random variation).  This is a more complicated explanation.

In this case, the experiment involves comparing the weight of the potential witch and a duck.  If the person floats (is lighter than or equal in weight to a duck), she is a witch made of wood.  If the duck is lighter than the person, then she is not a witch.  It is critical to determine what is the meaning of the result of equal weights for the witch and the duck.  Otherwise, your possible hypotheses are not exhaustive (and the probabilities of the possible outcomes do not add up to 1).
Type I error (False Positive):  The test concluded she was a witch, when she in fact, was not a witch.  Thus, we erroneously rejected the true null hypothesis.

P – value : The probability of obtaining the observed  pattern (the observed test statistic or a more extreme result) due to random variation (sampling).  Basically, the p-value is the probability of obtaining the data, given than Ho is, in fact, true. 

The p-value determines the probability of committing   a type-I error.  Usually set at alpha level = 0.05.

4) Define the biological population and the statistical population, and explain how sampling allows us to make inferences about both of them (+0.25 each).  List the critical assumption that must be met to ensure we obtain a representative sample, and explain what this actually means in practical terms.
Biological Population:  All the organisms that both belong to the same species and live in the same geographical area.   The null and alternate hypotheses relate to the properties of the biological population.
Statistical Population:  A defined set of entities concerning which statistical inferences are to be drawn, often based on a sample taken from the biological population.  Also refers to a set of potential measurements or values, including not only the cases actually observed but those that are potentially observable.
Representative sampling allows us to make inferences about the biological population, using parameters estimated from the statistical population.   Sampling provides a subset of the statistical population.  Correct inferences require a match between the statistical and the biological population.   
Finally, describe whether these five samples listed below are representative, and briefly explain why / why not:
a) In a study of how many caterpillars live in O’ahu trees:  The sampling unit is a leaf.
- sampling 10 leaves from 10 randomly selected trees in O’ahu:   Not random sampling.  

Because different trees have different numbers of leaves, the probability of selecting a given leaf is not independent from the other leaves in a given tree.  
- sampling 100 leaves from 1 randomly selected tree in O’ahu:  Not random sampling.  

Because different trees have different numbers of leaves, the probability of selecting a given leaf is not independent from the other leaves in a given tree.  
- sampling 100 randomly selected leaves in O’ahu: Yes, because the actual sample is a leaf, regardless of what tree it belongs to.   The way to do this would be to: (i) count all leaves in every tree and use a random number generator to pick individual leaves, OR (ii) count every tree and then sample leaves from each randomly selected tree on the basis of their abundance, so the probability of each one leaf being selected was the same.  For example, sample one leaf of every 100 from each tree. 
b) in a study of the population genetics of stripped dolphins around O’ahu:  In this case, the sampling unit is a dolphin pod (consisting of related individuals)
- sampling 100 randomly selected dolphins in the same pod around O’ahu:  Not random sampling.  
The pod contains related individuals.  Selecting only one pod causes sampling problems due to the lack of independence of the dolphins within the pod.
- sampling one dolphin from each of 100 randomly selected pods around O’ahu:  Random sampling.  Again, the idea is that the pod is made up of related individuals sharing genes.  

Note:  If you suspected that the individuals within a pod were not all related, you could devise a random stratified sampling method, whereby each pod was sampled proportionally to its size. 
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