Biometry (Biol4090-6090) - Fall 2018          Homework #5              Student name: ____KEY____________

NOTE:  Do not Turn This In. Homeworks will not be graded
Homework in preparation for take-home final.  

Look over this material for October 11th

Use R exercises to start developing your computer skills.
1a)  Load the data file “MusicFestival.xlsx”, containing hygiene data for three days.  Summarize each of these variables, using SPSS and paste a figure (a histogram – with the normal distribution superimposed) and a table including the following statistics:  sample size, mean, median, S.D., variance, minimum, maximum, skewness, kurtosis (+0.125 for each dataset figure / table):

Note:  I am going to use the ”Statistics /  Summaries / Numerical Summaries” Command in RCmdr.

[image: image14.png]



> numSummary(festival[,c("day1", "day2", "day3"), drop=FALSE],statistics=c("mean", "sd", "quantiles"), quantiles=c(0,.25,.5,.75,1))

> library(pastecs);

> stat.desc(festival$day1, basic = FALSE, desc = TRUE, norm = TRUE)

- Day 1 – figure:  (+0.125)
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Day 1 – data summary:  (+0.125)
          mean     sd     0%    25%  50%   75%  100%   n  NA

day1 1.7933580 0.9444949 0.02 1.3125 1.79 2.230 20.02 810  0

 skewness     skew.2SE     kurtosis     kurt.2SE   

8.832504e+00 5.140707e+01 1.689671e+02 4.923139e+02 

 normtest.W 
 normtest.p 

6.539142e-01   1.545986e-37 

- Day 2 – figure:  (+0.125)
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· Day 2 – data summary:  (+0.125)
          mean        sd   0%    25%  50%   75%  100%   n  NA

day2 0.9609091 0.7207801 0.00 0.4100 0.79 1.350  3.44 264 546

   skewness     skew.2SE     kurtosis     kurt.2SE   

 1.082811e+00 3.611574e+00 7.554615e-01 1.264508e+00 

normtest.W    normtest.p 

9.083191e-01 1.281630e-11 

- Day 3 – figure:  (+0.125)
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· Day 3 – data summary:  (+0.125)

        mean        sd     0%   25%  50%   75%  100%   n  NA

day3 0.9765041 0.7102770 0.02 0.4400 0.76 1.525  3.41 123 687

     skewness        skew.2SE        kurtosis        kurt.2SE      

1.0078127349128  2.3090351825270  0.5945454164753  0.6862946257275
  normtest.W      normtest.p 

0.9077516297569 0.0000003804486 

1b)  Use the same data you plotted before to text whether these three distributions are normally distributed using the Shapiro – Wilk test.  For each distribution, report the following: (i) paste Shapiro-Wilk test result table and (ii) explain if result is significant or not (+0.125 for each) 
- Day 1 – test result.  Is this distribution normal?  (+0.125).  Why / why not ?
normtest.W 
 normtest.p 

6.539142e-01   1.545986e-37 

Outcome: The day-1 data are not normally distributed because the p-value from the Shapiro-Wilk test is smaller than 0.001, and is therefore highly significant (p < alpha).  (+0.125)
- Day 2 – test result.  Is this distribution normal?  (+0.125)
normtest.W    normtest.p 

9.083191e-01 1.281630e-11 
Outcome: The day-2 data are not normally distributed because the p-value from the Shapiro-Wilk test is smaller than 0.001, and is therefore highly significant (p < alpha).  (+0.125)
- Day 3 – test result.  Is this distribution normal?  (+0.125)
  normtest.W      normtest.p 

0.9077516297569 0.0000003804486 

Outcome: The day-3 data are not normally distributed because the p-value from the Shapiro-Wilk test is smaller than 0.001, and is therefore highly significant (p < alpha).  (+0.125)
2a) Transform the data from the three distributions using the “Compute New Data” button in RCmdr (see notes from lecture 12).  First, perform the square root transformation and use Shapiro-Wilk tests to determine if the transformation made the distributions normal.  Summarize each of the transformed variables, using R and paste the following information:  a histogram and a table including the following statistics:  mean, median, minimum, maximum, skewness, skewness2.SE, kurtosis, skewness2.SE,  (+0.125  for each dataset figure / table):

- Report the formula you used to create the new variable from the “day1” data using the square root:  

Sqrt.day1 = sqrt(day1)
- Square root (Sqrt.day1) – figure:  (+0.125)
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- Square root (Day 1) – data summary:  (+0.125)
NOTE: Square root transformation made things better: both kurtosis and skewness decreased.

skewness     skew.2SE     kurtosis     kurt.2SE   

8.369798e-01 4.871402e+00 1.418176e+01 4.132093e+01 

normtest.W     normtest.p 

9.155029e-01  7.763131e-21 

- Square root (Day 2) – figure:  (+0.125)
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- Square root (Day 2) – data summary:  (+0.125)
NOTE: Square root transformation made things better: both kurtosis and skewness decreased.

skewness     skew.2SE     kurtosis     kurt.2SE   

0.25180368   0.83985794  -0.43725087  -0.73188025   

- Square root (Day 3) – figure:  (+0.125)
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- Square root (Day 1) – data summary:  (+0.125)
NOTE: Square root transformation made things better: both kurtosis and skewness decreased.

skewness     skew.2SE     kurtosis     kurt.2SE   

0.26183746   0.59990500  -0.54978994  -0.63463257   

2b) For each distribution, report the following: (i) paste Shapiro-Wilk test result table and explain if result is significant or not (+0.125 for each).
- square root (Day 1) – test result.  Is this distribution normal?  (+0.125)
normtest.W     normtest.p 

9.155029e-01  7.763131e-21 

Outcome: The day-1 data are still not normally distributed because the p-value from the Shapiro-Wilk test is smaller than 0.001, and its therefore highly significant (p < alpha of 0.05).  Despite the improvement in the skewness and the kurtosis due to the arcsine transformation, the significance of the S-W test did not change.  So, the transformation did not solve the problem of a lack of normality in the data. (+0.125)

- square root (Day 2) – test result.  Is this distribution normal?  (+0.125)
normtest.W    normtest.p 

 0.98800926   0.02715882 

Outcome: The day-2 data are still not normally distributed because the p-value from the Shapiro-Wilk test is 0.0271, and its therefore significant (p < alpha of 0.05).  Despite the improvement in the skewness and the kurtosis due to the arcsine transformation, the result was not normally distributed.  Yet, the significance of the S-W test changed, suggesting the distribution was closer to a normal distribution.  So, the transformation did not solve the problem of a lack of normality in the data.  (+0.125)
- square root (Day 3) – test result.  Is this distribution normal?  (+0.125)
normtest.W    normtest.p 

0.97987823   0.06310859 

Outcome: The day-3 data are normally distributed because the p-value from the Shapiro-Wilk test is larger than alpha (0.063 > 0.05). So, the transformation solved the problem of a lack of normality in the data. Yipee !!!
(+0.125)
3a)  Now, perform the log base 10 transformation for all three distributions using the “Compute New Data” button in RCmdr (see notes from lecture 12). and use Shapiro-Wilk tests to determine if the transformation made the distributions normal.  Summarize each of the transformed variables, using SPSS and paste a figure (a histogram – with the normal distribution superimposed) and a table including the following statistics:  sample size, mean, median, S.D., variance, minimum, maximum, skewness, kurtosis (+0.125  for each dataset figure / table):

Note:   Because you cannot take the log of “0”, you may need to add a small constant to an entire distribution, when you perform the log transformation.

- log(Day 1) – figure:  NOTE:  Adding a constant is not necessary, because minimum value is 0.02

(+0.125)
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- log(Day 1) – data summary:  (+0.125)

skewness      skew.2SE         kurtosis      kurt.2SE    

-1.940245e+00 -1.129264e+01  9.515127e+00  2.772391e+01 
- log(Day 2) – figure:  NOTE:  Adding a constant was necessary, because minimum value is 0.00 
(NOTE:  results may vary – depending on what constant you added)
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 (+0.125)
- log (Day 2) – data summary:  (+0.125)
NOTE: Skewness improved, but Kurtosis did not improve.

skewness         skew.2SE         kurtosis      kurt.2SE      

 0.38735375516  1.29196731078 -0.58771499793  -0.98373045143  

- log(Day 3) – figure:  (+0.125)
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- log (Day 3) – data summary:  (+0.125)

NOTE:  Adding a constant is not necessary, because minimum value is 0.02

NOTE: Skewness and Kurtosis improved. 
(+0.125)
skewness        skew.2SE        kurtosis            kurt.2SE      

-1.093645014665 -2.505688535753  2.30436650435 2.659972314687   

3b) For each distribution, report the following: (i) paste Shapiro-Wilk test result table and explain if result is significant or not (+0.125 for each).
- log (Day 1) – test result.  Is this distribution normal?  (+0.125)
normtest.W      normtest.p 

8.608204e-01   3.706210e-26 

Outcome: The log transformation did not make the day-1 data normally distributed because the p-value from the Shapiro-Wilk test is smaller than 0.001, and its therefore highly significant (p < alpha of 0.05).  (+0.125)

- log (Day 2) – test result.  Is this distribution normal?  (+0.125)
normtest.W      normtest.p 

0.97252915384  0.00005711408 

Outcome: The log transformation did not make the day-2 data normally distributed because the p-value from the Shapiro-Wilk test is smaller than 0.001, and its therefore highly significant (p < alpha of 0.05).  

(+0.125)
- log (Day 3) – test result.  Is this distribution normal?  (+0.125)
   normtest.W      normtest.p 

 0.930989524150  0.000008772062
Outcome: The log transformation did not make the day-1 data normally distributed because the p-value from the Shapiro-Wilk test is smaller than 0.001, and its therefore highly significant (p < alpha of 0.05).  
NOTE:  Some datasets cannot be transformed into a normal distribution… no matter how much we try!!!

4a) Briefly discuss whether the square root and the log transformations achieved normality in each of the three distributions you attempted to transform into normal distributions.  Specifically, compare how the kurtosis and skewness changed from the original to the transformed distributions (+0.10 for each distribution):

· Day 1 distribution:  Neither the square root nor the log transformation was able to achieve normality for this distribution. Even though the positive skew and positive kurtosis were greatly reduced by the square root transformation,  the distribution was not normal. The log transformation also failed to produce a normal distribution, but the skewness and kurtosis were reduced.  The skewness changed from positive to negative, suggesting the transformation changed the symmetry of the distribution.  The kurtosis was reduced but remained positive.  NOTE: Sometimes, data transformations do not achieve normality, even though they improve the shape of the distribution. (+0.10)
· Day 2 distribution:  Neither the square root nor the log transformation was able to achieve normality. While the square root transformation reduced the positive skewness and kurtosis, the distribution remained to be not normal.  The log transformation produced a distribution with a negative skew and a larger positive kurtosis, which was not normally distributed.  Thus, the log transformation improved the skew but worsened the kurtosis.  NOTE: Sometimes, data transformations improve the symmetry of the distribution, but worsen the tails… or vice-versa.  Thus, the distribution remains significantly different from a normal distribution. (+0.10)
· Day 3 distribution:   The square root transformation failed succeeded in achieving normality  – It finally worked !!!  The skewness and kurtosis were greatly reduced: skewness decreased from 1.033 to -0.480 and kurtosis decreased from 0.732 to 0.268.  The log transformation, on the other hand, failed to achieve normality.  Skewness increased (-2.253) and kurtosis became even larger (increased 7.940).  NOTE: Some transformation can worsen both key features we use to assess normality for a distribution.  (+0.10)
4b) How would you proceed, for the first distribution (Day 1) if you wanted to use a parametric test?  Hint:  if the lack of normality is caused by an outlier, remove it and re-calculate the Shapiro – Wilk test without it.  Is the distributions normal (report test result table)  (+0.20).
I used RCmdr to calculate the summary statistics for the Day1 dataset, and there is a large outlier (with a value of 20.02).  :

    mean        sd    IQR skewness kurtosis   0%    25%  50%  75%  100%   n

 1.793358 0.9444949 0.9175 8.865312 170.4503 0.02 1.3125 1.79 2.23 20.02 810
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Note that the boxplot in RCmdr identified this point as an outlier automatically.  The outlier is data point number 611 of 810 data points.  Thus, I can go the that line    in the dataset and edit the value or erase it to remove that outlier. 

I edit the dataset to remove that outlier, by erasing the row, and thus decrease the sample size to 809.
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I recalculate the summary statistics, to verify that I did remove that data point, and to see what the data look like without it.

    mean        sd    skewness   kurtosis    0%    25%   50%   75%  100%   n

 1.793358 0.9444949 +8.865312   170.4503    0.02 1.3125 1.79  2.23 20.02  810
 1.770828 0.6939127 -0.003167    -0.4127    0.02 1.31   1.79  2.23  3.69  809

Removing the outlier, decreases the sample size by 1 (from 810 to 809) and decreases the maximum (100% quantile of the distribution) from 20.02 to 3.69. 
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More importantly, notice the changes in the kurtosis and the skewness…  

	  skewness     skew.2SE     kurtosis     kurt.2SE   

 0.391857702 -0.003155393 -0.018353763 -0.423991408 

	

	normtest.W  normtest.p



0.995907065 0.031838626 

Yet, even without the outlier, the distribution remains not normal. The S-W test produced a significant result, since the p value (0.032) is smaller than the alpha level (0.05). NOTE: Outliers can cause a lack of normality. In this case, the lack of normality was related to both the presence of an outlier and the overall shape of the distribution.  In fact, there seems to be another outlier (data point 574), with a value of 3.69.

