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T-test
A t-test is used to calculate the difference between paired observations i.e. before and after. According to Frost, (2016) the t-test performs a sample on the differences. The critical values in a t-test are the mean difference, t-value, p-value and the confidence interval of the difference. The following is a sample data on t-test 
[image: Minitab worksheet with paired t-test example]
The calculations on the paired t-test : before and after
Paired T for before-after
N      Mean    StDev      SE mean
Before                              15      0.003   1.276       0.329
After                                 15      0.998   0.779       0.201
Difference                        15    -0.995   1.575       0.407
95% CI for mean difference is: (-1.867, -0.123)
The t-test mean difference is equal to 0(vs. # 0): T-value = -2.45 P-Values =0.028
One-sample T: Difference
Test of u = 0 vs # 0
Variable        N           Mean   StDev    SE Mean        95% CI             T           P
Difference    15         -0.995    1.575      0.407       (-1.867,-0.123)   -2.45    0.028
One needs to figure out whether it makes sense to calculate the difference between each pair that is being observed. If before and after represent the test scores and an intervention between them happens, it makes sense to calculate the difference between them in fashion especially if the before and after scores in each row of the example worksheet represent a subject which is the same. If the scores in each row represent different subjects and then it will not make sense to calculate the difference.
ANOVA
ANOVA hypothesis is used to test the equality of two or more population through examining the variance of samples that are taken(Edanz, 2014). There are three assumptions concerning ANOVA. The first one is that all populations involved follow a normal distributuion. The second one is that the samples are randomly selected and they should be independent of one another. The last one states that all populations have the same variance or standard deviation. 
For example if  the National Transportation Safety Board  wants to examine the safety of compact cars, midsize cars, and full-size cars, It collects a sample of three for each of the treatments (Frost, 2013) . Using the hypothetical data provided below, we are required to test whether the mean pressure applied to the driver’s head during a crash test is equal for each types of car. (Use α = 5%).
Table ANOVA.1                    
Compact cars midsize cars Full-size cars
643                 469             484
655                 427              456
702	                525              402
x                    666.67              473.67        447.33
S                       31.18              49.17           41.68
	The first step is to state the null and alternative hypothesis which is H0: µ1 = µ 2 = µ 3-. The mean head pressure is equal across the three types of cars based on the assumptions of ANOVA. The other step is to calculate the appropriate test statistic.
Total Sum of Squares (SST) = ∑∑= = − r i c j Xij , where r is the number of rows in the table, c is the number of columns, X is the grand mean, and Xij is the i the observation in the j the column. Using the data in Table ANOVA.1 we may find the grand mean: (643+ 655+ 702 +469 +427+ 525+ 484+ 456+ 402) divided by 9 =529.22 
 ∑ N X X ij SST = (643- 529.22) +(655- 529.22)+ (702- 529.22) +(469 -529.22) ... (402 _529.22)  = 96303.55
Total Mean Squares (MST) −1 = N SST Æ “average total variation in the data” (N is the total number of observations) MST = 12037.94 (9 1) 96303.55 = − Mean Square Treatment (MSTR) = c −1 SSTR Æ “average between variation” (c is the number of columns in the data table) MSTR = 43024.78 (3 1) 86049.55 = − Mean Square Error (MSE) = N c SSE − Æ “average within variation”
MSE = 1709 (9 3) 10254 = − Note: MST ≠ MSTR + MSE
F=25.17 1709 43024.78 = = MSE MSTR .
Chi-Square
To determine how the men's voting preferences differ significantly from the women's preferences through the Chi-square test.
	
	Voting Preferences
	Row total

	
	Republican
	Democrat
	Independent
	

	Male
	200
	150
	50
	400

	Female
	250
	300
	50
	600

	Column total
	450
	450
	100
	1000



	
	
	

	
	
	

	
	
	



One is required to analyze the data as follows
DF = (r - 1) * (c - 1) = (2 - 1) * (3 - 1) = 2 
Er,c = (nr * nc) / n
E1,1 = (400 * 450) / 1000 = 180000/1000 = 180
E1,2 = (400 * 450) / 1000 = 180000/1000 = 180
E1,3 = (400 * 100) / 1000 = 40000/1000 = 40
E2,1 = (600 * 450) / 1000 = 270000/1000 = 270
E2,2 = (600 * 450) / 1000 = 270000/1000 = 270
E2,3 = (600 * 100) / 1000 = 60000/1000 = 60


Χ2 = Σ [ (Or,c - Er,c)2 / Er,c ] 
Χ2 = (200 - 180)2/180 + (150 - 180)2/180 + (50 - 40)2/40
    + (250 - 270)2/270 + (300 - 270)2/270 + (50 - 60)2/60
Χ2 = 400/180 + 900/180 + 100/40 + 400/270 + 900/270 + 100/60
Χ2 = 2.22 + 5.00 + 2.50 + 1.48 + 3.33 + 1.67 = 16.2
The P-value is the probability that a chi-square statistic having 2 degrees of freedom is more extreme than 16.2.The Chi-Square Distribution Calculator is used to find P(Χ2 > 16.2) = 0.0003.
[bookmark: _GoBack]
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