Biometry (Biol6090_4090)  - Fall 2018                  Homework #7    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 Quiz #7 on November 6th

Use R exercises to start developing your computer skills.
1a) Write down the equation of the dependent (or paired) t –test  ( t) and explicitly show how the numerator and the denominator are calculated  (+0.250). 
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1b) Write down the equation of the independent (or regular) t –test  ( t) and explicitly show how the numerator and the denominator are calculated  (+0.250). 
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Where:  

2a) Using the data in the matrix below (12 paired samples), calculate the paired difference and then, use the formula from 1a to calculate the paired t statistic for this test. Hint: show the mean difference and the S.D. of the difference.  Hint:  N is the number of paired observations (12). Show your calculations in the space provided below to get full (partial) credit and enter your answers below:

	Real
	Picture
	difference

	40
	30
	10

	35
	35
	0

	50
	45
	5

	55
	40
	15

	65
	50
	15

	55
	35
	20

	50
	55
	-5

	35
	25
	10

	30
	30
	0

	50
	45
	5

	60
	40
	20

	39
	50
	-11


Mean difference (+0.25):______7_______  
	Observation
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	SUM

	Differences
	10
	0
	5
	15
	15
	20
	-5
	10
	0
	5
	20
	-11
	 

	Deviations
	3
	-7
	-2
	8
	8
	13
	-12
	3
	-7
	-2
	13
	-18
	0

	Squared Deviations
	9
	49
	4
	64
	64
	169
	144
	9
	49
	4
	169
	324
	1058


Variance = (Sum Squares) / (n-1) = 1058 / 11 = 96.181    

S.D. = sqrt (variance) = 9.807
If your null hypothesis states there is no difference between the paired “real” and “Picture” values from each individual, what is the expected population level mean difference  [image: image1.png].
)



 (+0.25):_____0________ 
S.D. of the difference (+0.25):____9.807__  (SE = SD / Sqrt (N) = 9.81 / sqrt(12) = 9.807 / 3.46 = 2.831
Paired t statistic (+0.25): ____(7 – 0) / 2.83 = 2.47_____________

2b) Using the data in the matrix below (24 independent samples), use the formula from 1b to calculate the independent t statistic for this test. Hint: Group 1 (real) and group 2 (Picture).  Calculate the mean and variance of both groups (+0.125 for each pair).  Hint:  n1 = 12 and n2 = 12.  Show your calculations in the space provided below to get full (partial) credit and enter your answers below:
	
	Real
	Picture

	
	40
	30

	
	35
	35

	
	50
	45

	
	55
	40

	
	65
	50

	
	55
	35

	
	50
	55

	
	35
	25

	
	30
	30

	
	50
	45

	
	60
	40

	
	39
	50

	Mean
	47
	40

	Variance
	121.6
	86.4


Calculate the pooled variance (+0.25):______104____________
Pooled Variance = [ (11*121.6) + (11*86.4) ] / (12+12-2) = (1338+950) / 22 = 2288 / 22 = 104
Calculate the independent t statistic (+0.25):_______1.68________

(47 – 40) / sqrt (104/12 + 104/12) = 7 / sqrt(17.3) =  
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Calculate the effect size (+0.25):______0.34____________
Effect Size = r = sqrt [ (2.82) / (2.82 +22) ] = sqrt [ 2.82 / 24.82] = 0.34
3a) Load the data file “SpiderWide.xlsx”, containing the same paired data comparing the anxiety response to “real” and “Pictures” of spiders by the same 12 people.  Perform a paired t-test and report the following:
· [image: image8.png]


First, calculate the “difference” values (Real – Picture) and then perform a test of normality to see if these data are, in fact, normally distributed.  Are these data normally distributed? Explain how you can tell (+0.25)
NOTE: These are the “difference” data calculated as “Real” – “Picture”

These data are normally distributed, according to a             S-W test:  p value > alpha (0.7225 > 0.05)
Shapiro-Wilk normality test

data:  difference

W = 0.95579, p-value = 0.7225

· Was the difference between the paired data significant (Y/N)?  Explain Why / Why Not? (+0.25):
YES – there was a significant difference between the two group means, as shown in the R table below.  Note that the t statistic is 2.473 and the p value (0.031) < alpha (0.05).  
Paired t-test data: real and picture 
t = 2.4725, df = 11, p-value = 0.03098
alternative hypothesis: 
difference in means is not equal to 0 
95 percent confidence interval: 0.7687815 13.2312185
sample estimates: mean of the differences 7
· If you look at the 95% Confidence Interval, how can you deter mine whether the mean paired difference is significantly different from 0? Explain (+0.25):
YES – the 95% confidence interval does not overlap 0.  It ranges from 0.7687 to 13.2312.
3b) Load the data file “SpiderLong.xlsx”, containing the same independent data comparing the anxiety response to “real” and “Pictures” of spiders by 12 different people.  Perform an independent t-test and report the following:

· First, copy and paste the results of a Levene’s Test, performed using R.  Are the group variances equal or different? Explain how you can tell? (+0.25)

      NOTE:   I calculated two different tests, to make sure the result was robust:

1) Levene Test (using the median):

leveneTest(Anxiety ~ Group, data=independent, center="median")

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

      Df F value Pr(>F)

group  1  0.2991   0.59

      22  
OUTCOME:  YES – the group variances are equal, because the null hypothesis was not rejected.  This is evident by the R table result, where the Levene’s test comparing the two group variances is 0.2991 and the p value (0.59) is larger than the alpha level (0.05).
2) F test comparing two variances:

F test to compare two variances

data:  Anxiety by Group
F = 0.71001, num df = 11, denom df = 11, p-value = 0.5797

alternative hypothesis: ratio of variances not equal to 1

95 percent confidence interval:

 0.2043974 2.4663783

sample estimates:

ratio of variances = 0.7100149 

OUTCOME:  YES – the group variances are equal, because the null hypothesis was not rejected.  This is evident by the R table result, where the F test comparing the two group variances is 0.71001 and the p value (0.7100149) is larger than the alpha level (0.05).

· Perform an independent t test and either assume / do not assume equal variances, based on the results of the Levene’s Test, you just performed.   Copy and paste output results of t test: 

NOTE: I am assuming the variances ARE equal

Two Sample t-test

data:  Anxiety by Group
t = -1.6813, df = 22, p-value = 0.1068
alternative hypothesis: true difference in means not equal to 0

95 percent confidence interval:  -15.634222   1.634222

sample estimates:
    mean in group Picture    mean in group Real Spider 

              40                        47 

· Are the group means different? Explain how you can tell? (+0.25)
NO  –  there was not a significant difference between the two group means, as shown in the R table below.  Note that the t statistic is -1.681 and the p value (0.1068) > alpha (0.05).  

· Finally, explain why the result of the paired and the independent t-test varied (why one was significant and the other was not significant, if these were basically the same data?) (+0.25)

The paired t-test was able to control the unsystematic (individual-level) variability, by exposing every subject to both treatments and comparing the same individuals against themselves.  On the other hand, the independent test only exposed each subject to one treatment.  This means that – by chance – people who were especially afraid or unafraid of spiders were compared to each other and this increased the variability within the two treatment groups.  The increasing variance in the two groups makes the difference between the two group means insignificant.  On the other hand, the paired t-test compared each person’s “Picture” and “spider” scores, and was able to factor out these anomalously high or low fear responses of some of the individuals.
4) Use file “SpiderLong.xlsx”, containing the same independent data comparing the anxiety response to “real” and “Pictures” of spiders by 12 different people and perform a one –way ANOVA (without contrasts ) and request Descriptive Statistics, Mean Plots and Post-Hoc tests.

  - State the null hypothesis (+0.2):

The null hypothesis states that the two groups means are not different:  µ1 = µ2
- What is the grand mean in this comparison (Hint: this is the population mean for all the samples, if the null hypothesis was true)? (+0.2) (show your calculations):

Grand mean =  43.5 (sum all 24 values from group1 and group 2 and divide by 24)

Group 1 (“Picture”) values:

	Group
	Anxiety

	1
	40

	1
	35

	1
	50

	1
	55

	1
	65

	1
	55

	1
	50

	1
	35

	1
	30

	1
	50

	1
	60

	1
	39


Mean =   47  STD =  11.0

Group 2 (“spider”) values:

	Group
	Anxiety

	2
	30

	2
	35

	2
	45

	2
	40

	2
	50

	2
	35

	2
	55

	2
	25

	2
	30

	2
	45

	2
	40

	2
	50


Mean =   40  STD =  9.3
- Were the group means significantly different? – Explain (+0.2).  (Paste the ANOVA output  table from R for evidence).

Rcmdr>  AnovaModel.1 <- aov(Anxiety ~ Group, data=independent)

Rcmdr>  summary(AnovaModel.1)

            Df Sum Sq Mean Sq F value Pr(>F)

Group        1    294     294   2.827  0.107
Residuals   22   2288     104               

Rcmdr>  with(independent, numSummary(Anxiety, groups=Group, statistics=c("mean", "sd")))

            mean        sd data:n

Picture       40  9.293204     12

Real Spider   47 11.028888     12

-  What treatment caused higher anxiety (the “real” spider or the “Picture”)? How can you tell?  (Paste tabular or graphical R output to show the group means). (+0.2).

The “picture” group mean is lower (40) than the “spider” group mean (40) 
Rcmdr>  with(independent, numSummary(Anxiety, groups=Group, statistics=c("mean", "sd")))

            mean        sd data    n

Picture       40      9.293204     12

Real Spider   47     11.028888     12

- Did R calculate Post-Hoc tests?  Why Not? (+0.2)  There are only two groups, so a significant ANOVA implies that these two group means are different. A post-hoc test is not needed.
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