STATISTICS

The authors of a paper titled "Age and Violent Content Labels Make Video Games Forbidden Fruits for Youth" carried out an experiment to determine if restrictive labels on video games actually increased the attractiveness of the game for young game players.

Participants read a description of a new video game and were asked how much they wanted to play the game. The description also included an age rating. Some participants read the description with an age restrictive label of 7+, indicating that the game was not appropriate for children under the age of 7. Others read the same description, but with an age restrictive label of 12+, 16+, or 18+. 

The summary data shown below are the ratings of 12- to 13-year-old boys for how much they wanted to play the game on a scale of 1 to 10. You can assume that boys were assigned at random to one of the four age label treatments (7+, 12+, 16+, 18+) and that ratings were normally distributed. 


	Group
	Sample Size
	Sample Mean
	Sample Std Dev

	18+ label
	21 
	7.4 
	1.6 

	16+ label
	21 
	6.1 
	1.65 

	12+ label
	19 
	5.9 
	1.75 

	7+ label
	19 
	5.3 
	2.17 






(a) What is the sum of all the data in the data set? T = ______

Solution
Sum of all data = ∑ n.Xbar
=21*7.4+21*6.1+19*5.9+19*5.3
=496.3

(b) What is the overall sample size for all groups combined? N = ______
Solution

=21+21+19+19
= 80

(c) What is the grand mean? [image: ] = ________
 Solution
Grand mean = Sum of all the data / overall sample size of all groups combined
Grand mean = T / N
= 496.3/80 
=6.204

(d) Calculate the group sum of squares (aka treatment sum of squares), which is a measure of (choose one answer)
---
Within between, or total sample variation. 


SSG = _______
 
Solution
SSG=    [image: ]

=21*(7.4-6.204)^2+21*(6.1-6.204)^2+19*(5.9-6.204)^2+19*(5.3-6.204)^2
=47.549

(e) Calculate the error sum of squares, which is a measure of (choose one answer below)
---
between, total, or within sample variation. 


SSE = _________
(use three decimal places in your answer)
SOLUTION
[image: ]
=1.6^2*(21-1)+1.65^2*(21-1)+1.75^2*(19-1)+(2.17^2)*(19-1)
=245.535
 
(f) Complete the ANOVA table. Note that you've already found two of the three sums of squares. Use three decimals for the sums of squares and means squares, then round the F test statistic to 2 decimals. 


SOLUTION
SS(Total) = SS(Treatment) + SS(Error) = 293.084
DF(Treatment) = (m-1), m is the number of groups = 4-1 = 3
DF(Error) = (N-m) = 80-4 = 76
DF(Total) = N-1 = 80-1 = 79
MST = SS(Treatment)/(m−1) = 47.549/3 = 15.85
MSE = SS(Error)/(n−m) = 245.535/76 = 3.23
F = MST/MSE = 15.85/3.23 =4.91
	source of Variation
	df
	Sum of Squares
	Mean Square
	F

	Treatment
	3
	47.549
	15.850
	4.91

	Error
	76
	245.535
	3.231
	X

	Total
	79
	293.084
	X
	X








(g) Do the data provide convincing evidence that the mean rating associated with the game description by 12- to 13-year-old boys is not the same for all four restrictive rating labels? Test the appropriate hypotheses using a significance level of 0.05.

 

The appropriate hypotheses are: 

· H0: [image: ]
        Ha: all of the population means are different

· H0: [image: ]
        Ha: at least one population mean is different 
   
· H0: [image: ]
        Ha: [image: ]

· H0: [image: ]
        Ha: [image: ]

The test statistic is: ____________
Solution
Test statistic is F = MST/MSE = 15.85/3.23 =4.91
The p-value is associated with this test statistic is 0.0036. Based on this, the statistical decision is to:
---
___Reject Ho
___FTR Ho
___Reject Ha
___FTR Ha 


At the 0.05 level, we… (choose the right answer)
---
 ___ have enough evidence to conclude
___ do not have enough evidence to conclude
___ have proven beyond doubt
___ have disproven beyond doubt that at least one mean rating differs significantly from the rest. 
Now we can test each mean against each other mean, and use a Bonferroni correction to control the family-wise error rate at α=0.05. Recall from above that: 

	[image: ]18+ = 7.4
	[image: ]16+ = 6.1
	[image: ]12+ = 5.9
	[image: ]7+ = 5.3









For each comparison, calculate the difference in sample means, the t-test statistic (rounded to three decimal places), and the p-value. The standard error and degrees of freedom for each comparison are provided.

SOLUTION

· We first get difference in sample means
· Then t-test statistic =(difference in sample means)/(std.error of difference)
· And lastly,for the 2 sided p value, we use technology for the t statistic and degrees of freedom 



	Parameter
	difference in sample means
	standard error of difference 
	t-test statistic
	degrees of freedom
	two sided p-value

	μ18+−μ16+
	1.3
	0.55
	2.364
	40 
	0.0230

	μ18+−μ12+
	1.5
	0.57 
	2.632
	38 
	0.0122

	μ18+−μ7+
	2.1
	0.57 
	3.684
	38 
	0.0007

	μ16+−μ12+
	0.2
	0.57 
	0.351
	38 
	0.7275

	μ16+−μ7+
	0.8
	0.57 
	1.404
	38 
	0.1684

	μ12+−μ7+
	0.6
	0.58 
	1.034
	36 
	0.3080






According to these p-values, which differences in means are statistically significant using a comparison-wise error rate of α=0.05 (i.e. no multiple comparisons correction)? You have just one attempt per group, and you may submit attempts one at a time. You should wait until you know you have the correct answers for the p-values above before answering these. 

μ18+− μ16+v--- 
Not significant 
Significant 

μ18+− μ12+
---
Not significant 
Significant 

μ18+− μ7+
---
Not significant 
Significant 

μ16+− μ12+
---
Not significant 
Significant 

μ16+− μ7+
---
Not significant 
Significant 

μ12+− μ7+
---
Not significant 
Significant 

According to these p-values, which differences in means are statistically significant using a family-wise error rate of α=0.05 and a Bonferroni multiple comparisons correction? 

μ18+− μ16+
---
Not significant 
Significant 

μ18+− μ12+
---
Not significant 
Significant 


μ18+− μ7+
---
Not significant 
Significant 

μ16+− μ12+
---
Not significant 
Significant 

μ16+− μ7+
---
Not significant 
Significant 

μ12+− μ7+
---
Not significant 
Significant



An article in the Journal of the American Medical Assocation described an experiment to investigate the effect of four treatments on various body characteristics. In this double-blind experiment, each of 57 female subjects age 65 or older was assigned at random to one of the following four treatments: 

1) P + P: placebo "growth hormone" and placebo "steroid" 
2) P + S: placebo "growth hormone" and the steroid estradiol 
3) G + P: growth hormone and placebo "steroid" 
4) G + S: growth hormone and the steroid estradiol 

The change in body fat mass was measured over the 26-week period following the treatments. Using the information provided above and in the partial table below, complete the ANOVA table


Solution
We are provided with SST = 209.73 AND MSE = 1.04

Now,
No. of observations n= 57
Treatments r = 4
Df total= n-1 = 57-1 = 56
Df treatment= r-1 = 4-1 = 3
Df error = n-r = 57-4 = 53

Error sum of squares 
SSE= DFE *MSE = 53*1.04 = 55.12
SStreatment = SST – SSE =  209.73- 55.12 = 154.61
MStreatment = 
F= 49.554

[bookmark: _GoBack]
	Source of Variation
	df
	Sum of Squares
	Mean Square
	F

	Treatment          
	3
	154.61
	 51.537
	49.554

	Error
	53
	55.12
	1.04 
	X

	Total
	56
	209.73
	X
	X
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