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Biometry (BIOL3090) Quiz #5.                   Student name: ________KEY________________ 

 

This 60-minute quiz is worth 5 points and starts at 13:40.  Show all your work to get partial (full) 

credit.  You may use a calculator, and any class notes you may have. However, you may not work with 

anyone else or share your results with anyone else. To complete this quiz you will the attached 

“Quiz5Data.xlsx” dataset, RStudio and Rcmdr… plus any other packages you see fit using. 

When you are done, save the file by adding your name to the title: “Quiz5_Sp20_Hyrenbach” and 

email it to khyrenba@gmail.com using “BIOL3090 Quiz5” as the message title.  The quiz ends at 

14:40.  Late submissions will be penalized 10% of the grade for every 5 minutes they are late.               

 

1A.  Using these results, interpret whether these data distributions are normally distributed: 

 

 NOTE: Need to calculate 95% Confidence Intervals for both skewness and kurtosis. 

 

 

 

 

 

 

 

Skewness:  If 95% C.I. overlaps “0”:  

result is not significantly different from “0”, and the data are normally distributed. 

 

Kurtosis:  If 95% C.I. does not overlap “0”: 

result is significantly different from “0”, and the data are not normally distributed. 

 

 

1B. Is kurtosis significant? _NO_   (Explain) (+0.25)  C.I. overlaps “0” 

95% C.I. Lower Bound = 0.843 – (1.96 * 0.478) = 0.843 – 0.937 = -0.09 

95% C.I. Upper Bound = 0.843 + (1.96 * 0.478) = 0.843 + 0.937 = +1.78 

 

1C. Is skewness significant? _YES_     (Explain) (+0.25) C.I. does not overlap “0” 

95% C.I. Lower Bound = 0.625 – (1.96 * 0.241) = 0.843 – 0.472 = +0.152 

95% C.I. Upper Bound = 0.625 + (1.96 * 0.241) = 0.843 + 0.472 = +1.097 

 

 

2A.  Are these data normally distributed?  Explain reasoning to get full credit (+0.25)  

 

 

 

 

S-W test is significant because p value (0.022) < alpha (0.05).  

 

Therefore, these data are NOT normally distributed  

 

 

 

Shapiro-Wilk normality test data:  

W = 0.970, p-value = 0.022 
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2B. Is this distribution normally distributed?  Explain reasoning to get full credit (+0.25)  

 

 

 

 

Skewness2.SE = Skewness divided by the SE of skewness. 

 

Because a normal distribution has a theoretical skewness = 0, then the calculation of the Z score for the 

skewness is calculated as follows: (observed skewness) / (SE of skewness).  Regardless of the actual 

value of the skewness, the variable skewness2.SE allows us to figure out whether it is significantly 

different from “0”.  How?   Well, we know a Z-score of 1.96 is significant at alpha = 0.05.  Therefore, 

if skweness.2SE > 0.98, it means that Z > 1.96… and therefore significant. 

 

In this particular case, skewness2.SE = 2.309, which means that the skewness is 2.309 /2 times the SE. 

In other words, the skewness is 1.1545 times the skewness SE.  Therefore, skewness IS significantly 

different from “0”, and these data ARE NOT normally distributed.  

 

Kurtosis2.SE = Kurtosis divided by the SE of kurtosis. 

 

Because a normal distribution has a theoretical skewness = 0, then the calculation of the Z score for the 

kurtosis is calculated as follows: (observed kurtosis) / (SE of kurtosis).  Regardless of the actual value 

of the kurtosis, the variable kurtosis2.SE allows us to figure out whether it is significantly different 

from “0”.  How?   Well, we know a Z-score of 1.96 is significant at alpha = 0.05.  Therefore, if 

kurtosis.2SE > 0.98, it means that Z > 1.96… and therefore significant. 

 

In this particular case, kurtosis2.SE = 0.686, which means that the kurtosis is 0.686 /2 times the SE.  

In other words, the kurtosis is 0.343 times the kurtosis SE.  Therefore, kurtosis IS NOT significantly 

different from “0”, and these data ARE normally distributed.  

 

Overall, because skewness was significant, the data are NOT normally distributed.  Remember: it only 

takes one of these two criteria (kurtosis and skewness) to be significantly different from 0, for the 

distribution to NOT be norm ally distributed.   

 

 

3A) You want to compare the variances of three distributions, A (variance = 30), B (variance = 15), and 

C (variance = 10).  Use the “rule of thumb” diagnostic we discussed in class to compare all three 

populations (A and B, A and C, B and C).  For each comparison, report and interpret the result of your 

diagnostic test (does the result seem significant or not) and the conclusion (do the two variances seem 

equal or not) (+0.1 for each cell) 

 

Pair of 

Samples 

Test Result Significant Conclusion 

A and B 

 

A and B 

 

30 / 15 = 2 Borderline.  Rule of 

thumb is a variance 

ratio of 2 

A and C 

 

A and C 

 

30 / 10 = 3 Variance ratio > 3. 

(larger than rule of 

thumb) 

skewness2.SE   kurtosis.2SE   

        2.309            0.686      
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B and C 

 

B and C 

 

15 / 10 = 1.5 Variance ratio < 3. 

(smaller than rule of 

thumb) 

 

Based on the result above, can you perform a parametric test comparing these three samples? (Y / N). 

Briefly Explain Why / Why not? (+0.1) 

 

You cannot make a parametric test because the variances are not equal.  Note: No matter what happens 

with the data normality, we have violated a key assumption.  So we cannot perform a parametric test. 

 

 

3B)  Discuss the results of this Levene’s test:  

Levene’s Test:   Df                    Fvalue     Pr(>F)  

  group  1           2.0886     0.150 

          error   99 

 

Is this a significant result (Yes / No). Briefly explain Why / Why not? (+0.2) 

 

Not significant, because p (0.150) is larger than alpha (0.05) 

 

 

How many samples (or groups) were compared in this test? How can you tell? (+0.2) 

 

 There are two samples, since the “group degrees of freedom” = 1.   

 The number of group degrees of freedom is (k - 1). 

 

What is the total sample size used in this test? How can you tell? (+0.2) 

 

 The total sample size used in this test is the total degrees of freedom + 1 (101).   

The total degrees of freedom, is 99 + 1 = 100. 

 

 

3C) Discuss the results of this F test: 

 

Two sample F-test     F = 0.45281, num df = 49, denom df = 49, p-value = 0.06  

 

Is this a significant result (Y / N). Briefly Explain Why / Why not? (+0.2) 

 

Not significant, because p (0.06) is larger than alpha (0.05) 

 

What is the total sample size used in this test? How can you tell (+0.2) 

 

 The degrees of freedom for each group is 49.  

 Therefore, the sample size for each group is 50. 

 The total sample size is 50 + 50 = 100. 
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NOTE: THIS IS THE END OF THE REGULAR QUIZ (WORTH 3 POINTS). 

THE R PART OF THE QUIZ (QUESTIONS 4 AND 5, WORTH 2 POINTS) IS EXTRA CREDIT. 

 

 

4)  Answer these questions concerning the use of skewness and kurtosis in R: 

 

- How many types (formulas) of Kurtosis are available in R (+0.10):___3_____ 

 

- How many types (formulas) of Skewness are available in R (+0.10):___3_____ 

 

- Which Skewness / Kurtosis type does RCmdr use as a default: (+0.10): ___2______   

 

- Which Skewness types are unbiased under normality (+0.10): __all 3______ 

 

- Which Kurtosis types are unbiased under normality (+0.10): ____2____ 

 

 

 

 

5)  Upload file “Quiz5Data.xlsx” showing a single continuous data variable for two groups (A and B). 

A) Produce two data summaries for these two groups (A and B) using R.  Select summary statistics so 

you can evaluate whether these data are normally distributed.  Copy and paste the summary statistics 

for each group below.   

 

Briefly explain what function and package did you use to generate these summary statistics (+0.125): 

I am using the numerical summaries button, in Rcmdr to generate basic descriptive statistics: 

Mean, SD:  for normally distributed data 

Median, IQR (75% - 25%):  for non-normally distributed data 

range (min – max): to check if there any mistakes in the data (like typos)? 

Group A (+0.125) and Group B (+0.125): 

You can summarize the data by group, using the 

categorical variable (factor) “group” to identify the 

two groups: A and B.  

 

This command will summarize the data for both 

groups, at the same time.  
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Rcmdr>  numSummary(Quiz5Data[, "value", drop = FALSE], groups = Quiz5Data$group, 
statistics = c("mean", "sd", "IQR", "quantiles"), quantiles = c(0, 0.25, 0.5, 
0.75, 1)) 
 
        mean       sd      IQR        0%        25%        50%      75%    100%  n 
A -0.0074232 1.247163 2.426680 -2.422014 -1.019331 -0.1697115 1.407349 1.792912 25 
B  0.1208677 1.219100 2.105084 -2.422014 -0.938519  0.2146954 1.166565 3.006605 50 

 

B)  Next produce two histograms for each group’s data (A and B), and paste them below: 

You can create two histogram for the two data groups at once, using the categorical 

variable (factor) “group” to identify the two groups: A and B.  You can also  create two 

histograms separately, one for group A and one for B, but making them together, 

anesures they are stacked and scaled with the same range, facilitating comparisons.    

In either case, go to “Plots / Histograms” in Rcmdr. 

 

Group A histogram (+0.125) and Group B histogram 

(+0.125): 
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C) Next, test these two groups (A and B) for normality using R.  Copy and paste the output below. 

Briefly explain what function and package did you use to generate these normality tests (+0.125): 

I used the normalityTest function in the Rcmdr package, to perform a S-W normality test. 

 

 You can also perform the two tests at once, by groups, using the “group” categorical variable. 
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Rcmdr>  normalityTest(value ~ group, test = "shapiro.test", data = Quiz5Data) 

 

Group A test results.  Are these data normally distributed?  Explain how you can tell  (+0.125):  

-------- 
 group = A  
 
 Shapiro-Wilk normality test 
 
data:  value 
W = 0.92733, p-value = 0.07541   
 
(0.05 < 0.07)  Not Significant, Therefore, the data are normally distributed 
 
 -------- 
 

Group B test results.  Are these data normally distributed?  Explain how you can tell  (+0.125):  

-------- 
 group = B  
 
 Shapiro-Wilk normality test 
 
data:  value 
W = 0.97305, p-value = 0.3066 
 
 -------- 
(0.05 < 0.07)  Not Significant. Therefore, the data are normally distributed 

D) Finally, compare the variances of both groups.   

The variance is not part of the standard summary statistics provided by Rcmdr, but can be easily 

calculated.  Remember:  S.D. = squareroot (variance).  

So, you could use the S.D. you calculated before and calculate two variancesd using these commands:   

> variance_A <- (1.247163)^2 = 1.555416 

> variance_B <- (1.219100)^2 = 1.486205 

 

You could also look for a function that calculates the variance of a dataset in google. 

http://www.r-tutor.com/elementary-statistics/numerical-measures/variance 

http://www.r-tutor.com/elementary-statistics/numerical-measures/variance
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The function var, in the basic R statistics tools, 

does that. 

At this point, you would need to subset the data 

in the column “var” according to the values in 

the column “group”.  You can use the function 

subset to do this, using the Rcmdr menu: 

 

Use the menu button:  

Data \ Active data set \ Subset active data set 

 

 

 

 

 

 

 

 

>  DatasetA <- subset(Quiz5Data, subset = group == "A")   

>  DatasetB <- subset(Quiz5Data, subset = group == "B") 

> VarA <- var(DatasetA$value) 1.555416                                                                

> VarB <- var(DatasetA$value) 1.486204 

First, use the rule of thumb to determine whether the variances of group A and group B are different. 

Show the variances of both groups and compare their ratio to the rule of thumb. (+0.125). Report your 

decision: do the two variances seem different?  How can you tell? (+0.125)    

The variance ratio is calculated as the largest variance divided by the smallest variance: 

> VarRatio <- VarA / VarB 

 1.04657 

 

The variances do not seem different, since the VarRatio is < 2. 

This rule of thumb (2), means that the largest variance is twice as large as the smallest variance.  
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Second, perform a test of equality of variances to determine whether the variances of group A and 

group B are different. Paste what test you selected and what was the output from R. (+0.125).                  

Report your decision: are the two variances different?  How can you tell? (+0.125)    

You can perform the equality of variances test with Rcmdr, using the menu button:  

Statistics \ Variances \ Bartlett’s test 

 

Remember from Lecture 11:  The Bartlett's test is sensitive to departures from normality. That is, if 

your samples come from non-normal distributions, then a significant Bartlett's test may simply reflect 

the lack of normality (typeI error).  Because we know that these two data distributionsare normally 

distributed, it makes sense to use the Bartlett’s test of equality of variances. 

  

>  bartlett.test(value ~ group, data = Quiz5Data) 

 

 Bartlett test of homogeneity of variances 

 

data:  value by group 

Bartlett's K-squared = 0.016508, df = 1, p-value = 0.8978 

 

p value (0.8978) > 0.05, so the test is not significant. Thus, the variances are equal.  

 

 

You can also perform the Levene’s test, if you are unsure about whether the data distributions follow 

normality.   

Remember from Lecture 11:  The Levene’s test is less sensitive than the Bartlett’s test to departures 

from normality. If you have strong evidence that your data do in fact come from a normal, distribution, 

then Bartlett's test has more power. 

You can perform the equality of variances test with Rcmdr, using the menu button:  

Statistics \ Variances \ Levene’s test 
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>  leveneTest(value ~ group, data = Quiz5Data, center = "median") 
 

Levene's Test for Homogeneity of Variance (center = "median") 

      Df F value Pr(>F) 

group  1  0.3532 0.5541 

      73 

 

p value (0.5541) > 0.05, so the test is not significant. Thus, the variances are equal.  

 

 


