Homework   One-way ANOVA

Does exercise frequency have an association with heart rate? 110 students in an introductory statistics course were classified into three groups according to their frequency of exercises: 
High = high frequency, Moderate = moderate frequency, Low = low frequency. Their heart rates were measured. The data are in the dataset “heartrate.csv”.

1. (2 points)  Upload the file (heartrate.csv) to RStudio Cloud. Do this by following these instructions:
(a) Download the file to your computer
(b) Upload to RStudio Cloud using the “Files” tab in the lower right window, click “Upload”.
(c) Browse your computer to find heartrate.csv, then click “OK”
(d) Import the file into RStudio, using:     > hr <- read.csv(“heartrate.csv”)
2. (2 points)  Use R to make a side-by-side boxplot of the three exercise frequency groups, and describe what you find.  Remember to discuss whether there are outliers, the amount of overlap between the boxes, and the general trends present.
[image: ]
The boxplot shows that there are outliers for the low exercise group and moderate. In both cases there is a lower outlier and upper outlier. 
Use the command:		> boxplot(outcomevar~groupvar)

3. (3 points)  Use R to find the sample size, sample mean, and sample standard deviation of each exercise frequency group. 

Use the commands:	> table (groupvar)
				> tapply (outcomevar,groupvar,mean)
				> tapply (outcomevar,groupvar,sd)
[image: ]
4.  (2 points)  State your hypotheses for a one-way ANOVA test for this problem.
H0: there is significant difference in mean for the three groups.
H1: there is no significant difference in mean for the three groups.


5. (3 points)  Run the one-way ANOVA using R.  Report the F test statistic and the p-value. 

Use the commands:	> anova_results <- aov(outcomevar~groupvar,data=hr)
				> summary(anova_results)
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MSE = ___596.0______	F = _____5.355______	p-value = _______0.00607_______

6.  (2 points)  What are your conclusions in terms of the heart rate problem (use a significance level of 0.05)?
We reject the null hypothesis and conclude that there is significant difference in mean among the exercise groups. 


7.  (2 points)  Is it necessary to do the Bonferroni’s multiple comparison procedure? Give your reason why or why not. 

We should carryout Bonferroni comparison since we have rejected the null hypothesis. we should be able to ascertain which groups are significant different. 


8. (2 points) Regardless of your answer to #7 above, if you run the Bonferroni procedure, what would be the modified alpha significance level to compare all possible pairs of means.

The modifies alpha is 0.05.

9. (12 points)  Regardless of your answer to #7 above, run the Bonferroni procedure to compare each pair of group means.  Compute each pair’s difference in means, standard error (using the MSE found above in #5), p-value, and conclusion of significance or non-significance.
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The interaction between high and low is statistically significant since its p-value (0.0053) is less than alpha 0.05. The interaction between high and moderate has a p-value of 0.1312 while that of moderate and low has a p-value of 0.1776. This means that the two interactions are not statistically significant. 

10. For each of the following situations, identify the response variable and the populations to be compared, and give k, the overall n, and each group’s sample size, ni.
a. (5 points) To study the effects of pesticides on birds, an experimenter randomly (and equally) allocated 65 chicks to five diets (a control and four with a different pesticide included). After a month, the calcium content (milligrams) in a 1-centimeter length of bone from each chick was measured.
Solution 
Response variable = effect of pesticide
Population = all birds
K = 5 diets given
n = the 65 chicks
n = 65
b. (5 points) A developer of a virtual-reality (VR) teaching tool for the deaf wants to compare the effectiveness of different navigation methods. A total of 40 children were available for the experiment, of which equal numbers were randomly assigned to use a joystick, wand, dance mat, or gesture-based pinch gloves. The time (in seconds) to complete a designed VR path is recorded for each child.
Solution 
Response variable = effectiveness of different navigating methods.
Population = all deaf people
K = 4
n = 40
n = 40

11. To compare the means of 5 populations, random samples of size 10 are selected from each population. A partial ANOVA table for this data is as follows: 
	Source
	df
	SS
	MS
	F
	P-value

	Group
	4
	38.2192
	9.5548
	13.9599
	1

	Error
	45
	30.8000
	0.6844
	
	

	Total
	49
	69.0192
	
	
	



a. (6 points) Fill in the missing entries in the ANOVA table.

b. (1 point)  Use the R command pf() to find the p-value for this test.

p-value = 1

c. (1 point) State the null and alternative hypotheses in the experiment.
H0: u1=u2=u3=u4=u5.
H1: at least one of the mean is different

d. (2 points) Test the hypotheses in part c). Use α=0.05.
[bookmark: _gjdgxs]We do not reject the null hypothesis since p-value is greater than alpha (0.05). 
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> table(heartratejexercisegrp)

High Low Moderate
14 37 59

> tapply (heartratespulse,heartratesexercisegrp,mean)
High Low Moderate

67.78571 78.40541 74.18644

> tapply (heartratespulse,heartratesexercisegrp,sd)
High Low wmoderate

10.990755 11.422345 9.861934
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> summary(anova_results)

Of sum Sq Mean sq F value Pr(>F)
exercisegrp 2 1192 596.0  5.355 0.00607 **
Residuals 107 11908 111.3

Signif. codes: 0 ‘%*%’ 0.00L ***’ 0.01 ‘*’ 0.05 .7 0.1 ' ' 1
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