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Biometry (BIOL3090) Quiz #7.                   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.  

When you are done, save the file by adding your name to the title: “Quiz7_Sp20_Hyrenbach” 

and email it to khyrenba@gmail.com using “BIOL3090 Quiz7” 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.  NOTE: I do not provide you a file.  You will need to create your own data files in excel.   

 

 

1a) Write down the equation of the dependent (or paired) t –test and explicitly show the 

numerator and the denominator, if your null hypothesis was true (+0.20). NOTE: Use 

“SQRT(something)” for “square root (something)”, and write the pool sample variance as “Sp2” 

 

 

 

NOTE:  

if the null hypothesis is true, µD = 0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1b) Write down the equation of the independent (or regular) t –test and explicitly show the 

numerator and the denominator, if your null hypothesis was true (+0.20). NOTE: Use 

“SQRT(something)” for “square root (something)”, and write the pool sample variance as “Sp2” 

 

 

 

 

 

NOTE:  

if the null hypothesis is true, 

Mean1 = Mean2, and t = 0 
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1c) Explain why we use the sample pooled variance in the independent t-test.  Show the formula 

of the pooled sample variance, and explain what each term means (+0.20).  NOTE: Use 

“SQRT(something)” for “square root (something)”, and write the pool sample variance as “Sp2” 

 

 

The pooled sample variance combines the variances of the two samples into a common 

measurement of the variance in the data, by weighing the two sample variances according fo 

their respectively sample sizes.  The larger the sample size, the larger the weight of that sample 

variance.  Note:  if the sample sizes are equal, the sample pooled variance is the average of the 

two sample variances. In other words, each sample has the same weight (contribution).  

 

n1 = sample size sample 1 

n2 = sample size sample 2 

s21 = variance sample 1 

s22 = variance sample 2 

  

 

 

1d) Imagine we have three different scenarios, involving two different samples with their own 

variances (v1 and v2) and sample sizes (n1 and n2).  For each case, calculate the pooled sample 

variance (Sp2) in the spaces provided. Show your work to get full credit (+0.05 each): 

 

V1 n1 V2 n2 Sp2 

10 11 30 11 

20 = [ (10 * 10) + (30 * 10) / (10 + 10) ]  
= (100 + 300)  / (10 + 10) = 400 / 20  

    

10 31 30 11 

15 = [ (10 * 30) + (30 * 10) / (30 + 10) ]  
= (300 + 300)  / (30 + 10) = 600 / 40  

     

10 11 30 31 

25 = [ (10 * 10) + (30 * 30) / (30 + 10) ]  
= (100 + 900)  / (30 + 10) = 1000 / 40 
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2a) Using the data in the matrix below (12 independent samples), calculate the independent t 

statistic for this test. Hint: Group 1 (real) and group 2 (photo).  Calculate the mean and variance 

of both groups (+0.125 for each of these 4 cells). Enter your answers below and show your 

calculations in the space provided to get full (partial) credit: 

 

real photo 

45 44 

45 44 

45 44 

45 44 

45 44 

45 44 

Mean:  45 

 

Mean: 44 

 

SD: 0 (there is no variance) 

 

SD:  0 (there is no variance) 

 

 

Calculate the pooled variance (+0.25): _0_ 

 

0 = [(5 * 0) + (5 * 0)] / (5 + 5) = 0 / 10 = 0 

 

Calculate independent t statistic (+0.25): infinite = 1 / 0  

 

NOTE: I am calculating “real” – “photo” 

 

Numerator = 45 – 44 

 

Denominator = sqrt (0/6 + 0/6) = sqrt (0) = 0 

 

 

 

Calculate the Effect Size and explain how strong it is: (+0.25):      r =  1   

= sqrt (infinite / infinite)  

= sqrt(1)  

 

Numerator = infinite 

 

Denominator = infinite + 10 (df = 12 – 2) 

 

 

 

What is your conclusion, are the “real” and “photo” data different?  Explain your rationale 

(+0.125): Hint: Consider the effect size result and the t statistic values you calculated: 

 

YES – this is a significant difference. The small difference between the means (1), is significant, 

given the lack of variability in the two samples (so the pooled sample variance = 0).   
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2b) Using the data in the matrix below (6 paired samples), calculate the paired differences and 

the paired t statistic. Enter your answers below and show your calculations in the space provided 

to get full (partial) credit: 

 

real photo difference 

deviations 

from mean 

deviations 

squared 

45 44 1 0 0 

45 44 1 0 0 

45 44 1 0 0 

45 44 1 0 0 

45 44 1 0 0 

45 44 1 0 0 

  Mean = 1 Sum = 0 Sum = 0 

 

Mean difference (+0.25):___1___                  

 

 

S.D. of the difference (+0.25):__0___   (there is no variability, all values are 1) 

 

 

If your null hypothesis states there is no difference between the paired “before” and “after” 

values, what is the expected population level mean difference   (+0.25):___0_____  

 

 

Paired t statistic (Show your work for full credit, +0.25): _infinite_ 

 

Numerator =  1        (Mean Difference = 1,   = 0) 

 

Denominator =  0 

 

SD = 0 

Sqrt(6) = 2.44 

 

 

Calculate the Effect Size and explain how strong it is: (+0.25):____1____ 

 

 

 

Numerator = infinite 

 

Denominator = infinite + 5 (df = 6 – 1) 
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What is your conclusion, are the “real” and “photo” data different?  Explain your rationale 

(+0.125): Hint: Consider the effect size result and the paired t statistic values you calculated.                       

 

YES – this is a significant difference. The small difference between the means (1), is significant, 

given the lack of variability in the two samples (so the pooled sample variance = 0).   
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3) Interpret these analyses:  

 

A) Was this difference between the paired data significant (Y/N)?  Explain Why / Why Not?  

p-value = 0.049 

alternative hypothesis:   difference in means is not equal to 0  

95 percent confidence interval: 0.001  13.231 

Use 2 criteria to determine statistical significance (+0.25 for each) and explain your reasoning: 

- Criterion 1:  SIGNIFICANT, because p (0.049) < alpha (0.05) 

 

 

 

- Criterion 2:  SIGNIFICANT, because “0” (the difference of the two means expected if the null is 

true) cannot fit in the 95% confidence interval, from 0.001 to 13.231   

 

 

 

B) Is the difference between the independent samples significant (Y/N)?  Explain Why / 

Why Not?:   

df = 22, p-value = 0.100                                                                                                   

alternative hypothesis: true difference in means is not equal to 0                                                       

95 percent confidence interval: -1.634 1.634           

Use 2 criteria to determine statistical significance (+0.25 for each) and explain your reasoning: 

 

- Criterion 1: NOT SIGNIFICANT, because p (0.100) > alpha (0.05) 

 

 

 

- Criterion 2:  NOT SIGNIFICANT, because “0” (the difference of the two means expected if the 

null is true) can fit in the 95% confidence interval, from -1.634 to 1.634   
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4A) Explain what happens to individual variability when we perform a paired t test, compared 

with what happens when we perform an independent t test (+0.25). Hint:  Explain your answer in 

terms of changes to the noise and the signal. 

The paired results address unsystematic variability across individuals, by comparing individuals 

against themselves (comparing their response to a “real” and a “photo” spider).  This process 

removes noise, making it easier for the signal to be significant. 

On the other hand, the independent t-test cannot account for that variability, which becomes 

noise.  With added noise, its harder for the signal (difference in the group means) to be 

significant.  

 

4B) In those instances where paired observations cannot be made, what other approach is 

available to avoid biasing the results?  Hint: Explain what is achieved using this approach,             

in terms of the noise and the signal (+0.25) 

When a paired t test cannot be performed because each individual can only experience one 

treatment, it is critical to randomly assign individuals to specific treatments.  This approach 

ensures that individual variability is spread across the treatments and creates “noise”, rather than 

generating a “bias”, which basically is a false pattern caused by the lack of random sampling. 

For instance, assigning people to groups based on how scared they are of insects would likely 

introduce a bias, since the two treatment groups would not be the same.  This bias (or systematic 

error), would lead to the wrong answer: we would either over-estimate or under-estimate the 

difference between the photo and the real spider, depending on what treatment the “afraid” 

people were assigned to.    
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THIS IS THE R SECTION (WORTH 2 EXTRA CREDIT POINTS): 

 

5A)  Create an excel file containing the independent data you analyzed in question 2a.  Copy 

and paste the data below, showing the column headers, so I can check how you formatted the 

information (+0.25).  Explain whether each of the columns in your dataset is “categorical” or 

“numerical” data (+0.125 each). 

period response 

before 44 

before 44 

before 44 

before 44 

before 44 

before 44 

after 45 

after 45 

after 45 

after 45 

after 45 

after 45 

Period = Categorical data column (whether recorded as “before / after” or “0 / 1”) 

Response = Numerical data column 

5B)  Perform a t test using Rcmdr. Copy and paste the output from Rcmdr (+0.25).  Then, 

interpret the result: are these two group means the same ? YES or NO? (+0.125). Explain how 

you can tell (+0.125). 

RcmdrMsg: [8] NOTE: The dataset quiz7 has 12 rows and 2 columns. 
RcmdrMsg: [9] ERROR: 
RcmdrMsg+ data are essentially constant 
 
 
There is no variability in the data: 
Rcmdr>  numSummary(quiz7[, "response", drop = FALSE], groups = quiz7$period, 
statistics = c("mean", "sd", "quantiles"), quantiles = c(0, 0.25, 0.5, 0.75, 
1)) 
       mean sd 0% 25% 50% 75% 100% response:n 
after    45  0 45  45  45  45   45          6 
before   44  0 44  44  44  44   44           

 

Because there is no variability in the data, the t test blows up.  Basically, R cannot report a t 

test with infinite value.  Nevertheless, this should be a significant result, because the mean 

difference (1) is much larger than the variability (0). 
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6A)  Create an excel file containing the paired data you analyzed in question 2b.  Copy and paste 

the data below, showing the column headers, so I can check how you formatted the information 

(+0.25).  Explain whether each of the columns in your dataset is “categorical” or “numerical” 

data (+0.125 each). 

before after 

45 44 

45 44 

45 44 

45 44 

45 44 

45 44 

 

Before: numerical variable 

After: numerical variable 

 

6B)  Perform a t test using Rcmdr. Copy and paste the output from Rcmdr (+0.25).  Then, 

interpret the result: are these two group means the same ? YES or NO? (+0.125). Explain how 

you can tell (+0.125). 

RcmdrMsg: [2] NOTE: The dataset quiz7 has 6 rows and 2 columns. 
RcmdrMsg: [3] ERROR: 
RcmdrMsg+ data are essentially constant 

 

There isno variability in the data: 
Rcmdr>  numSummary(quiz7[, "response", drop = FALSE], groups = quiz7$period, 
statistics = c("mean", "sd", "quantiles"), quantiles = c(0, 0.25, 0.5, 0.75, 
1)) 
       mean sd 0% 25% 50% 75% 100% response:n 
after    45  0 45  45  45  45   45          6 
before   44  0 44  44  44  44   44          6 

 

Because there is no variability in the data, the t test blows up.  Basically, R cannot report a t 

test with infinite value.  Nevertheless, this should be a significant result, because the mean 

difference (1) is much larger than the variability (0). 

 


