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1. Is the weight value—a measure of growth—normally distributed? Use graphical and analytical methods to test this assumption.
Solution
Graph to illustrate normality test

[image: ]
The graph shows that the data follows a normal distribution since the curve is bell-shaped. 

> shapiro.test(p.growth$weight)

	Shapiro-Wilk normality test

data:  p.growth$weight
W = 0.98268, p-value = 0.8915

According to Shapiro-Wilk test, W = 0.98, p = 0.89. Since the p-value was greater than 0.05, we conclude that there was no evidence to reject the null hypothesis that the distribution is not different from normal. In other words, the assumption of normality was not violated. 


2. Does the weight exhibit equal variance among the three groups? Use graphical and analytical methods to test this assumption.
Solution
Equality of variance
[image: ]

The visual representation showed that fitted values are not much different from the residuals with exception of values like 17, 15 and 4.  

> homtest<-leveneTest(weight ~ group, data = p.growth)
> homtest
Levene's Test for Homogeneity of Variance (center = median)
      Df F value Pr(>F)
group  2  1.1192 0.3412
      27

According to Leven’s test, F (2, 27) = 1.12, p = 0.34. This implies that we fail to reject the null hypothesis at 0.05 level of significance and conclude the variances are equal in all the groups. The assumption of equal variances was met in this case. 



3. Use an appropriate statistical test to determine whether the groups have different weights. 
a) What is the null hypothesis of the test you will use? 
Solution
H0: µ0 = µ1 = µ2. There is no statistical significant difference in means for weights between the groups. 

b) Report the test result; do you reject the null hypothesis?
Solution
> stattest1<-aov(weight ~ group, data = p.growth)
> summary(stattest1)
            Df Sum Sq Mean Sq F value Pr(>F)  
Group        2  3.766  1.8832   4.846 0.0159 *
Residuals   27 10.492 0.3886                 
---
Signif. Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Analysis shows that F (2, 27) = 4.85, p = 0.02. Since the p-value is less than the significant value of 0.05, we reject the null hypothesis and conclude that there was a statistical significant difference in means for weights between the groups. 


4. If you rejected the null hypothesis in #3, choose an appropriate method to complete a post-hoc test. 
a) What is the null hypothesis of this test? 
Solution
H0: µ0 - µ1 = 0. The difference in means between the three groups is not statistically significant. 

b) Which groups differ from one another? 
Solution
> TukeyHSD(stattest1)
  Tukey multiple comparisons of means
    95% family-wise confidence level

Fit: aov(formula = weight ~ group, data = p.growth)

$group
            diff        lwr       upr     p adj
trt1-ctrl -0.371 -1.0622161 0.3202161 0.3908711
trt2-ctrl  0.494 -0.1972161 1.1852161 0.1979960
trt2-trt1  0.865  0.1737839 1.5562161 0.0120064

The only significant difference was between trt2 and trt1 (0.865) where p = 0.012 implying we reject the null hypothesis and conclude that treatment 1 is different from treatment 2. 

c) How would lettering be assigned to illustrate these comparisons?
Solution
The largest mean was for trt2, followed by ctrl and finally trt1
A = trt2
B = ctrl
C = trt1



5. Use the reported Sums of Squares values from #3 to compute an R2 value. What does this value tell us?
Solution
SSE = 10.492
SST = 10.492+3.766 = 14.258
R2 = SSE/ SST =1- (10.492/14.258) = 0.2641
This implies that 26.41% of the data fits this model. 



6. What alternative approach in R can we use to get an R2 value?
Solution
The lm () function can be used to get the R2 value.
> opt2<-lm(weight ~ group, data = p.growth)
> summary(opt2)

Call:
[bookmark: _GoBack]lm(formula = weight ~ group, data = p.growth)

Residuals:
    Min      1Q Median      3Q     Max 
-1.0710 -0.4180 -0.0060 0.2627  1.3690 

Coefficients:
            Estimate Std. Error t value Pr(>|t|)    
(Intercept)   5.0320     0.1971  25.527   <2e-16 ***
grouptrt1    -0.3710     0.2788  -1.331   0.1944    
grouptrt2     0.4940     0.2788   1.772   0.0877 .  
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

Residual standard error: 0.6234 on 27 degrees of freedom
Multiple R-squared:  0.2641,	Adjusted R-squared:  0.2096 
F-statistic: 4.846 on 2 and 27 DF,  p-value: 0.01591

This indicates that the R2 = 0.2641. 
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