Statistical Computing Methods                                                   45 Minutes

Quiz (1)                                                                                     2 Nov. 2011
1. 3 different methods of instruction are compared by assigning fifth-grade students at random to three different classrooms. The grade-level attainment (as measured by a standardized exam) of each student is measured at the beginning of the year and again at the end of the year, and the increase for each student is noted.
Method of Instruction

	Structured Classes
	Individual Studies
	No Walls Classroom

	5
	2
	8

	6
	6
	9

	7
	4
	11

	
	
	12


(a) What is the dependent variable here?

(b)  Identify the factor studied and the factor levels?
(c)  On the basis of these data, check if there is a sufficient evidence to conclude that there is a difference in grade-level attainment of the three methods? Use (= .05. 

(d) If the hypothesis is rejected, apply Tukey's pairwise comparisons method to find out which method of instruction differs? Don't forget to compute the missing confidence interval. 

Tukey's pairwise comparisons

    Family error rate = 0.0500

Critical value = 4.17

Intervals for (column level mean) - (row level mean)

                 1           2

       2      -2.070

               6.070

       3      -7.807      -9.807

              -0.193      -2.193

Statistical Computing Methods                                   Answers of Quiz (1) Fall 2011
a. The dependent variable is grade-level attainment
b. The factor studied is the method of instruction. The factor has 3 levels: Structured Classes, Individual Studies, and No Walls Classroom.
c. 1-  H0 :  There is no difference in grade-level attainment of the three methods  Ha : There is a difference in grade-level attainment of the three methods
2-  Ho :  (1 = (2 = (3   versus  Ha : not all means are equal 
where 
(1 is mean grade-level attainment when the method of instruction is Structured Classes.
(2 is mean grade-level attainment when the method of instruction is Individual Studies.
(3 is mean grade-level attainment when the method of instruction is No Walls Classroom.
2- Level of significance α = 0.05

3- Calculating the test statistic
	Squared deviation
	Deviation from the mean
	Grades for Individual Studies
	Squared deviation
	Deviation from the mean
	Grades for Structured Classes

	4
	2 - 4 = -2
	2
	1
	5 - 6 = -1
	5

	4
	6 - 4 = 2
	6
	1
	6 - 6 = 0
	6

	0
	4 - 4 = 0
	4
	0
	7 - 6 = 1
	7

	SSW2 = 8
	0
	2nd group mean
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	Squared deviation
	Deviation from the mean
	Grades for No Walls Classroom

	4
	8 - 10 = -2
	8

	1
	9 - 10 = -1
	9

	1
	11 - 10 = 1
	11

	4
	12 – 10 = 2
	12

	SSW3 = 10
	0
	3rd group mean 
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Within sum of squares SSW = SSW1 + SSW2 + SSW3 = 2 + 8 + 10 = 20
	Squared deviation
	Deviation from the mean
	PI (for all data)

	4
	5-7 = -2
	5

	1
	6-7 = -1
	6

	0
	7-7 = 0
	7

	25
	2-7 = -5
	2

	1
	6-7 = -1
	6

	9
	4-7 = -3
	4

	1
	8-7 = 1
	8

	4
	9-7 = 2
	9

	16
	11-7 = 4
	11

	25
	12-7 = 5
	12

	SSTO = 86
	0
	Grand mean
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Total sum of squares SSTO  = 86
Between sum of squares SSB = SSTO – SSW = 86 – 20 = 66 
Test Statistics  
Fcalculated  = MSB/MSW = SSB/(k-1)/SSW/(N-k) = 66/(3-1)/20/(10-3) = 11.55
Analysis of Variance Table

	P- value
	F
	Mean Sum of Squares MS
	Sum of Squares SS
	Degrees of Freedom DF
	Source

	< α = 0.05
	Fcal = MSB/MSW 
= 33/2.86 
= 11.55
	MSB = SSB/k-1  
= 66/2 = 33
	SSB = 66
	k-1 = 3-1 = 2
	Between (Factor)

	
	
	MSW = SSW/(N-k) = 20/7 = 2.86
	SSW = 20
	N–k= 10–3 = 7
	Within (Error)

	
	
	
	SSTO = 86
	N–1 = 10–1 = 9
	Total


5- Calculating the P-value

    Ftabulated  = F2,7, 0.05 = 4.737 

    Since Ftabulated  = 4.737 < 11.55 = Fcalculated  ( p-value < α = 0.05
6- Decision Rule: 

     If p-value < α    reject H0 otherwise don’t reject  H0
7- Conclusion: Since p-value < 0.05, we reject H0. This means there is evidence to support that the mean grade-level attainment differ according to the method of instruction at α = 0.05. 
d) Since we did reject H0, we apply Tukey's pairwise comparisons method to find out which method of instruction differs.

     Using the given Minitab printout
Tukey's pairwise comparisons

    Family error rate = 0.0500

Individual error rate = 0.0214

Critical value = 4.17

Intervals for (column level mean) - (row level mean)

                 1           2

       2      -2.070

               6.070

       3        ...       -9.807

                ...       -2.193

         One can conclude that a 95% familywise confidence interval for (1 - (2 is given by
-2.070 <  (1 - (2  < 6.070
         Since zero is inside the interval, there is no evidence to support a significant difference in the mean grade-level attainment between the Structured Classes method and Individual Studies method at α = 0.05.

        Similarly, a 95% familywise confidence interval for (2 - (3 is given by

-9.807  <  (2 - (3  < -2.193
     Since zero is not inside the interval, there is evidence to support a significant difference in the mean grade-level attainment between the Individual Studies method and No Walls Classroom method at α = 0.05. In fact, for No Walls Classroom method offer higher mean grade-level attainment than the Individual Studies method (
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     A (1-α) 100% confidence interval for (i - (j  is given by:
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     Then, for the low group versus high group comparison,
n1 = 3, n3 = 4, 
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= 10, q1-α,k,N-k = q0.95,3,7 = 4.16 , MSW = 2.86
     Substituting in the above inequality, we get :
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     Therefore,                          

-7.807  <  (1 - (3  < -0.193
     Since zero is not inside the interval, there is evidence to support a significant difference in the mean grade-level attainment between the Structured Classes method and No Walls Classroom method at α = 0.05. In fact, for No Walls Classroom method offer higher mean grade-level attainment than the Structured Classes method (
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     Therefore, No Walls Classroom method is the recommended method of instruction. 
� EMBED Equation.3  ���





� EMBED Equation.3  ���
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