Biometry (Biol4090-6090) - Fall 2018          Homework #4              Student name: ______KEY__________

NOTE:  Do not Turn This In. Homeworks will not be graded
Homework in preparation for quiz #4 – on October 4th  

Use R exercises to develop your computer skills.

1)  Explain the following terms using the words provided in parenthesis (+0.25, each):

-Parametric  statistics (normality) =  Built upon the assumption that the observations (data) come from a normal distribution, and make inferences about the specific parameter of that distribution

- Non-parametric statistics (distribution-free) =    A type of distribution-free techniques do not rely on any assumptions concerning the distributions of the observations (data). Two examples of distribution-free statistics involve randomization tests, comparing observed and expected patterns for shuffled data, and non-parametric statistical tests, using ranked data to compare the medians, rather than the means.

- Q-Q plot (quantiles) =  The quantile-quantile (q-q) plot is a graphical technique for determining if two data sets come from populations with a common distribution. A q-q plot is a plot of the quantiles of the first data set against the quantiles of the second data set. If all the data points fall on the diagonal of the plot, then the variable is normally distributed.  Any points that do not follow the diagonal show deviations from normality.
- Shapiro - Wilks (S-W) test (normality) =  A statistical test developed to determine whether a given frequency distribution originated from a normally distributed population, with the same mean parameters as the sample (mean, S.D.).   The null hypothesis is that the sample came from the normal distribution.  A significant result suggests that the sample is not normally distributed.
2)  Highlight the differences amongst the different tests used to assess data normality, by filling in the blanks below with one of the five possible answers: “S-W test”, “Levene’s Test”, “none” or “all of the above” (each is 0.10 points):
-  compares observed data distribution against a normal distribution with same mean and S.D.: S-W
-  compares the variances of two observed data distributions against each other: Levene’s Test
- compares the variance of one observed data distribution against the variance of a normal distribution with same mean and S.D.: NONE
- assumes the data follow a normal distribution: Levene’s Test 

- assume the data were collected using random sampling:  ALL OF THE ABOVE
- null hypothesis for this test states that the observed data and the theoretical distribution are the same (the observations come from the same theoretical biological population):  1-sample K-S test

3) Open the file Hw4Data.xlss with R and use these observations, drawn from three  random variable distributions (all derived from theoretical distributions with a mean = 10 and a variance =10) for the following exercise.  
Create a frequency table for these three datasets of 100 data points each and use this information to fill in the table below (+0.05 each entry).  Note – because these are random samples from theoretical distributions , the parameter estimates (x-bar, S.D.) will vary from the real parameters ( µ,  σ). 
	                 mean       sd       5%       50%      95%   n

distribution_1 9.724613 2.943354 5.348738  9.644506 15.74372 100

distribution_2 9.720000 3.048696 5.000000 10.000000 14.05000 100

distribution_3 9.705097 3.033430 5.113512  9.761769 14.40838 100



	

	


For each distribution, calculate the skewness (and the SE), calculate the kurtosis (and the SE), create a histogram, create a box plot of each distribution.  

For reference: check out this diagram:
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Paste the information below (+0.25 for each distribution):

· Distribution_1:

Skewness:  0.60643213        
Skew.2SE: 1.25617841(skew divided by 2 * SE)
Interpret this skewness: Looks very symmetrical, but it has positive skewness, suggesting that the right tail (on the positive side) is longer and that the mass of the distribution (the observations) is concentrated disproportionately on the left side of the figure (on the negative side).  The long tail is balanced by more observations on the left.  Note: however, skew is significant (the skew * 2 SE value is > 1)
Kurtosis:  0.66793461   
Kurtosis.2SE:  0.69819270 (kurtosis divided by 2 * SE) 
Interpret this kurtosis: Distribution has positive kurtosis (leptokurtic), meaning that the distribution is “slender”, has a taller and skinnier peak around the mean (more observations around the mean) and fewer observations on the tails than expected, as indicated by the positive kurtosis.  Note: however, kurtosis is not significant (the kurtosis * 2 SE value is < 1) 
[image: image5.png]0g

sz

0z

T
Sb

fousnbayy

oL

15

10

distribution_1



[image: image6.png]Sl

T
ol

| uopnausip




Paste Histogram and Box Plot:

Briefly explain and discuss, whether this distribution looks like a normal distribution, based on the skewness / kurtosis and the shape of the histogram? Explain why / why not: 
Looks like a normal distribution, but it is not, as evidenced by the results of the W-S test (normtest.W = 0.96997046,normtest.p = 0.02198988), since the p value < 0.05.  While the skewness surpasses the “rule of thumb” threshold (skew.2SE> 1), the kurtosis is less than the “rule of thumb” threshold (kurtosis.2SE> 1).  Overall, this is enough to cause a lack of normality.
·   Distribution_2:
Skewness: 0.1747337    
Skew.2SE: 0.3619477(skew divided by 2 * SE)
Interpret this skewness: Looks very symmetrical, but it has a slightly positive skewness, suggesting that the right tail is longer, and the mass of the distribution is shifted on the left of the figure. Note: however, skew is not significant (the skew * 2 SE value is < 1)
Kurtosis:  0.2190700    
Kurtosis.2SE:  0.2289941 (kurtosis divided by 2 * SE) 
Interpret this kurtosis: Distribution is slightly positive (leptokurtic), meaning that the distribution has a taller and skinnier peak right on the mean (more observations closer to the mean than expected).  Note: however, kurtosis is not significant (the kurtosis * 2 SE value is < 1)
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Paste Histogram and Box Plot:

Briefly explain and discuss, whether this distribution looks like a normal distribution, based on the skewness / kurtosis and the shape of the histogram? Explain why / why not: 

Looks like a normal distribution, as evidenced by the results of the W-S test (normtest.W = 0.9808325, normtest.p = 0.1542661). since the p value < 0.05.  Neither the skewness nor the kurtosis surpass the “rule of thumb” thresholds (skew.2SE> 1 and kurtosis.2SE> 1).  Overall, this is a normally distributed dataset.
·   Distribution_3:
· Skewness: -0.07998707  
· Skew.2SE: -0.16568719  (skew divided by 2 * SE)
· Interpret this skewness: Looks very symmetrical, but it has a slightly negative skewness, suggesting that the left tail is longer, and the mass of the distribution is shifted on the right of the figure. Note: however, skew is not significant (the skew * 2 SE value is < 1)
· Kurtosis:  -0.20686772  
· Kurtosis.2SE:  -0.21623903   (kurtosis divided by 2 * SE) 
· Interpret this kurtosis: Distribution is slightly negative (platykurtic), meaning that the distribution has a flatter distribution (with fewer observations near the mean) than expected.  thresholds (skew.2SE> 1 and kurtosis.2SE> 1).  Overall, this is a normally distributed dataset.
Paste Histogram and Box Plot:
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Briefly explain and discuss, whether this distribution looks like a normal distribution, based on the skewness / kurtosis and the shape of the histogram? Explain why / why not: 

Looks like a normal distribution, as evidenced by the results of the W-S test (normtest.W = 0.99475079, normtest.p = 0.96818667). since the p value < 0.05.  Neither the skewness nor the kurtosis surpass the “rule of thumb” thresholds (skew.2SE> 1 and kurtosis.2SE> 1).  Overall, this is a normally distributed dataset.
4) Compare each distribution to a normal distribution with the same mean / S.D. (use parameters estimated in question #2, above (+0.50 for each distribution):
·   Distribution_1:

Paste results table here, and interpret the S-W test result:

· was this result significant: (Y / N), why?  Yes, p = 0.022 is < 0.05
· is distribution 1 normally distributed: (Y / N), why? No – because the null was rejected
· using the Q-Q plot, are there more observations than expected in the tails or on the center of mass of the observed distribution? Does this agree with the sign (+/-) of the kurtosis of this distribution you calculated in question #3? Why / why not?   

Paste the detrended normal Q-Q plot here  – for reference:
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The Q-Q plot agrees with the answer in question 3 because it shows an excess of observations (positive values) from the two tails of the distribution (the smallest and the largest values), with a larger deviation for the largest values (around quantile 2).  This suggests that the observed distribution has less observations in the center (leptokurtic).  The asymmetry of the deviations around the mean, with smaller left deviations (smaller values), suggests that the distribution has a positive skew, with a longer right tail and more excess observations to the right.
·   Distribution_2:

Paste results table here, and interpret the S-W test result:

· was this result significant:  (Y / N), why?  No,  p = 0.154 is > 0.05
· is distribution 2 normally distributed: (Y / N), why? Yes - because the null was not rejected
· using the Q-Q plot, are there more observations than expected in the tails or on the center of mass of the observed distribution? Does this agree with the sign (+/-) of the kurtosis of this distribution you calculated in question #3? Why / why not?   
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Paste the detrended normal  Q-Q plot here  – for reference:

This Q-Q plot agrees with the answers in question 3. Because it shows an excess of observations (smallest values) from left tail of the distribution and a deficit of values (largest values) in the right tail of the distribution. The asymmetry of the deviations about the normal distribution suggests that the distribution has a left skew (positive skew) with a longer right tail.
·   Distribution_3:

Paste results table here, and interpret the S-W test result:

· was this result significant:  (Y / N), why?  No,  p = 0.968 is > 0.05  
· using the Q-Q plot, are there more observations than expected in the tails or on the center of mass of the observed distribution? Does this agree with the sign (+/-) of the kurtosis of this distribution you calculated in question #3? Why / why not?   

Paste the Normal Q-Q plot here (not the detrended plot) – for reference:
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This Q-Q plot agrees with the answers in question 3, since the skewness is less clear, because the Q-Q plot shows a scatter of positive and negative points, with an excess of observations (positive values) along the right tail of the distribution (the larger values), and a deficit of values (negative values) in the left tail.  This suggests that the skewness is very small, since large asymmetries in the distribution are not clearly visible.  Similarly, the kurtosis is also hard to evaluate visually, since the positive and negative deviations are spread throughout the range of observed values.  These graphs reinforce the notion that the skew and kurtosis quantified in question 3 are very small.

5)  Given that distribution_1 was log normal, distribution_2 was Poisson, and distribution_3 was normal, answer the following questions (+0.25 each).  Note:  Re-read the notes from lecture 5:
-  What is the only parameter of the Poisson distribution (Lambda) and what does it quantify?

The Poisson distribution only has one parameter (Lambda), which quantified its mean and the variance.
In the Poisson distribution, the mean = the variance.

- Briefly describe how the shape of the Poisson distribution changes as the parameter Lambda increases from 0.1 to 10 (range of values from lecture and this example)?  Specifically, describe what happens to the skewness and the kurtosis of the distribution.

 The Poisson distribution changes shape as lambda increases from a value of 0.1 to a value of 10 (the current value in this example).  Please consult the following figure from your class notes (taken from the Gotelli book), showing that the distribution starts as being highly asymmetrical, and then becomes increasingly symmetrical.  Thus, the skewness ranges from a large positive value (when Lambda = 0.1) to a very small positive value (when Lambda = 10).     Please check out this slide from lecture 9.
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Poisson Probability Distribution

X ~ Poisson (Lambda)
Poisson Random Variable

Number of events recorded in
a sample of fixed area or time

Usually applied to rare events
e.g., stepping on ants)

A single parameter: Lambda

Pl = x—e"‘
!

. rcor 06
1
ot
03] oz i
o 001N oo Ll
ol A=io 03 A=20
03
02
02
01 1 j
o -
IRERR R AR A A
X
Aman
Lambda = 0 s
Mean =
. ul m
Variance
o001
0346 s 08
X

Figure2:3 Tamily of osson curves, Exc hisogamrepresents probablydsi
tlon it diffeent e paramte s, The vlusof X s the ramiberofpoive st
comesand PX) s he probabiny ofthat ovtcore, el o Equion 55, n s
551 the binomial ditrburions shown n gt 5.1 and 2.2, he Poson disribtion
specified b onlya il prsmetes o whic s h e ofovcertence f dependent
vents(or e umber thatocur durng some speciied e el A st o 1
incesocs,he Posson distcbution becomesmore eymimetrc When % vry g e
Foison distibution s imot indisingubable rom 3 ormaldisboion

(=}l

WA

> (3 Other bookmarks

i

] giooso_HwaD...doc  ~| ] Biokoso_Hwa (..doc | ] Biokoso_Hwa_..doc | B Biokooo_rwa ..doc | B Biok0o0_Hwa (.doc  ~ ¥ show all dowrloads... %





8

