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          	   			      UNIVERSITY OF GHANA 
UGBS 304: SECOND SEMESTER EXAMINATIONS: JUNE, 2019/2020

INSTRUCTIONS:
Answer All Questions in This Section.  Answer Briefly but Clearly Each Part of a Question. Statistical Tables and Formulae Are Provided. Answers Should Be Typed or Handwritten.
THIS IS THE QUANTITATIVE PART OF THE EXAMINATION. MAKE SURE YOU REFER TO SAKAI FOR THE PART 1 UNDER TESTS & QUIZZES.

PART 2: ANSWER ALL QUESTIONS


1. Distinguish between the following:
a. Heteroskedasticity and autocorrelation
b. specified regression model vs estimated regression equation
c. data type vs level of measurement
d. ANOVA and Multiple Regression
e. Outliers vs Influencers 

2. Based on question 1e above, do you think the following scatter plots contain any outliers or any influential data points? Justify your answers on each plot
(i)						(ii)
[image: plot] [image: plot]

(iii)						(iv)
[image: plot] [image: plot]



3. [bookmark: _GoBack]The University Secretary wants to determine how University grade point average, GPA (highest being 4.0) of a sample of students from the University depends on a student’s high school GPA (HS), age of a student (A), achievement test score (AS), average number of lectures skipped each week (S), gender of a student (where M=1 if a student is male or 0 otherwise), computer or PC ownership of a student (where PC=1 if a student owns a computer or 0 otherwise), the means of transport to school (drive, bicycle or walk; where D=1 if a student drives to campus or 0 otherwise, B=1 if a student bicycles to campus or 0 otherwise), and finally, the subject major of the student (finance, human resource, marketing and accounting; where F=1 if a student majors in finance or 0 otherwise, HR=1 if a student majors in human resource or 0 otherwise, MR=1 if a student majors in marketing or 0 otherwise). Use the correlation matrix and dummy regression output to answer the questions. 
	
	GPA
	HS
	A
	AS
	S
	M
	PC
	D
	B
	F
	HR
	MR

	GPA
	1.00
	
	
	
	
	
	
	
	
	
	
	

	HS
	0.41
	1.00
	
	
	
	
	
	
	
	
	
	

	A
	-0.02
	-0.26
	1.00
	
	
	
	
	
	
	
	
	

	AS
	0.21
	0.35
	-0.08
	1.00
	
	
	
	
	
	
	
	

	S
	-0.26
	-0.09
	-0.08
	0.12
	1.00
	
	
	
	
	
	
	

	M
	-0.08
	-0.21
	0.04
	0.18
	0.20
	1.00
	
	
	
	
	
	

	PC
	0.22
	0.04
	-0.09
	0.04
	-0.21
	-0.07
	1.00
	
	
	
	
	

	D
	-0.11
	-0.19
	0.27
	-0.20
	0.26
	-0.08
	0.02
	1.00
	
	
	
	

	B
	0.08
	0.14
	-0.05
	0.16
	-0.13
	0.13
	-0.10
	-0.38
	1.00
	
	
	

	F
	0.08
	0.12
	-0.22
	0.18
	0.06
	0.04
	0.08
	-0.08
	-0.11
	1.00
	
	

	HR
	0.08
	0.17
	-0.49
	0.08
	0.06
	0.05
	-0.04
	-0.11
	0.07
	-0.12
	1.00
	

	MR
	-0.10
	-0.19
	0.37
	-0.11
	-0.05
	0.02
	0.05
	0.08
	0.01
	-0.15
	-0.79
	1.00



a) Which 2 pairs of variables are most correlated with the regressand? 
b) Which 3 pairs of variables are mostly multicollinear? 
c) Identify 3 pairs of variables that are most correlated. 


The estimated equation by OLS is
Residual (df) =129, TSS=19.41, ESS=14.03. 

Values in parentheses (under the regression equation) are standard errors and those in square brackets are the variance inflation factors (VIFs).

d) Determine the fitness of the regression model  
e) Determine if the coefficient of high school GPA is statistically different from zero? 
f) Specify the whole regression model and identify 2 relevant error terms. 
g) Interpret the estimate of a student who bicycles to campus. 
h) Using only the variance inflation factor (VIF), which one of the pairs of variables selected to be multicollinear may be dropped from the regression and why? 
i) Suppose that two University students, A and B, of the same age of 20, same achievement test score, same average number of lectures skipped, same gender, both own a PC, both drive, and both major in the same subject, but Student A’s high school GPA score is 2.5 points higher. What is the predicted difference in college GPA for these two students? What is driving this comparative difference? 
j) Interpret the coefficient of age of a student. 
k) What is the predicted difference between a 19 year old male student who bicycles to campus, owns a computer, has a high school GPA of 3.5, an achievement score of 27, skipped 1 lecture, and majors in HR, and a 21 year old female student who walks to campus, has no computer, majors in accounting, but has the same high school GPA of 3.5, an achievement score of 27 and skipped 1 lecture. What is causing the comparative difference? 










Critical Values of the Mann-Whitney U
(One-Tailed Testing)
	n2
	α
	n1

	
	
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	3
	.05
	0
	0
	1
	2
	2
	3
	4
	4
	5
	5
	6
	7
	7
	8
	9
	9
	10
	11

	
	.01
	--
	0
	0
	0
	0
	0
	1
	1
	1
	2
	2
	2
	3
	3
	4
	4
	4
	5

	4
	.05
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	14
	15
	16
	17
	18

	
	.01
	--
	--
	0
	1
	1
	2
	3
	3
	4
	5
	5
	6
	7
	7
	8
	9
	9
	10

	5
	.05
	1
	2
	4
	5
	6
	8
	9
	11
	12
	13
	15
	16
	18
	19
	20
	22
	23
	25

	
	.01
	--
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	6
	.05
	2
	3
	5
	7
	8
	10
	12
	14
	16
	17
	19
	21
	23
	25
	26
	28
	30
	32

	
	.01
	--
	1
	2
	3
	4
	6
	7
	8
	9
	11
	12
	13
	15
	16
	18
	19
	20
	22

	7
	.05
	2
	4
	6
	8
	11
	13
	15
	17
	19
	21
	24
	26
	28
	30
	33
	35
	37
	39

	
	.01
	0
	1
	3
	4
	6
	7
	9
	11
	12
	14
	16
	17
	19
	21
	23
	24
	26
	28

	8
	.05
	3
	5
	8
	10
	13
	15
	18
	20
	23
	26
	28
	31
	33
	36
	39
	41
	44
	47

	
	.01
	0
	2
	4
	6
	7
	9
	11
	13
	15
	17
	20
	22
	24
	26
	28
	30
	32
	34

	9
	.05
	4
	6
	9
	12
	15
	18
	21
	24
	27
	30
	33
	36
	39
	42
	45
	48
	51
	54

	
	.01
	1
	3
	5
	7
	9
	11
	14
	16
	18
	21
	23
	26
	28
	31
	33
	36
	38
	40

	10
	.05
	4
	7
	11
	14
	17
	20
	24
	27
	31
	34
	37
	41
	44
	48
	51
	55
	58
	62

	
	.01
	1
	3
	6
	8
	11
	13
	16
	19
	22
	24
	27
	30
	33
	36
	38
	41
	44
	47

	11
	.05
	5
	8
	12
	16
	19
	23
	27
	31
	34
	38
	42
	46
	50
	54
	57
	61
	65
	69

	
	.01
	1
	4
	7
	9
	12
	15
	18
	22
	25
	28
	31
	34
	37
	41
	44
	47
	50
	53

	12
	.05
	5
	9
	13
	17
	21
	26
	30
	34
	38
	42
	47
	51
	55
	60
	64
	68
	72
	77

	
	.01
	2
	5
	8
	11
	14
	17
	21
	24
	28
	31
	35
	38
	42
	46
	49
	53
	56
	60

	13
	.05
	6
	10
	15
	19
	24
	28
	33
	37
	42
	47
	51
	56
	61
	65
	70
	75
	80
	84

	
	.01
	2
	5
	9
	12
	16
	20
	23
	27
	31
	35
	39
	43
	47
	51
	55
	59
	63
	67

	14
	.05
	7
	11
	16
	21
	26
	31
	36
	41
	46
	51
	56
	61
	66
	71
	77
	82
	87
	92

	
	.01
	2
	6
	10
	13
	17
	22
	26
	30
	34
	38
	43
	47
	51
	56
	60
	65
	69
	73

	15
	.05
	7
	12
	18
	23
	28
	33
	39
	44
	50
	55
	61
	66
	72
	77
	83
	88
	94
	100

	
	.01
	3
	7
	11
	15
	19
	24
	28
	33
	37
	42
	47
	51
	56
	61
	66
	70
	75
	80

	16
	.05
	8
	14
	19
	25
	30
	36
	42
	48
	54
	60
	65
	71
	77
	83
	89
	95
	101
	107

	
	.01
	3
	7
	12
	16
	21
	26
	31
	36
	41
	46
	51
	56
	61
	66
	71
	76
	82
	87

	17
	.05
	9
	15
	20
	26
	33
	39
	45
	51
	57
	64
	70
	77
	83
	89
	96
	102
	109
	115

	
	.01
	4
	8
	13
	18
	23
	28
	33
	38
	44
	49
	55
	60
	66
	71
	77
	82
	88
	93

	18
	.05
	9
	16
	22
	28
	35
	41
	48
	55
	61
	68
	75
	82
	88
	95
	102
	109
	116
	123

	
	.01
	4
	9
	14
	19
	24
	30
	36
	41
	47
	53
	59
	65
	70
	76
	82
	88
	94
	100

	19
	.05
	10
	17
	23
	30
	37
	44
	51
	58
	65
	72
	80
	87
	94
	101
	109
	116
	123
	130

	
	.01
	4
	9
	15
	20
	26
	32
	38
	44
	50
	56
	63
	69
	75
	82
	88
	94
	101
	107

	20
	.05
	11
	18
	25
	32
	39
	47
	54
	62
	69
	77
	84
	92
	100
	107
	115
	123
	130
	138

	
	.01
	5
	10
	16
	22
	28
	34
	40
	47
	53
	60
	67
	73
	80
	87
	93
	100
	107
	114










t Table

	cum. prob
	t .50
	t .75
	t .80
	t .85
	t .90
	t .95
	t .975
	t .99
	t .995
	t .999
	t .9995

	one-tail
	0.50
	0.25
	0.20
	0.15
	0.10
	0.05
	0.025
	0.01
	0.005
	0.001
	0.0005

	two-tails
	1.00
	0.50
	0.40
	0.30
	0.20
	0.10
	0.05
	0.02
	0.01
	0.002
	0.001

	df
	
0.000
	
1.000
	
1.376
	
1.963
	
3.078
	
6.314
	
12.71
	
31.82
	
63.66
	
318.31
	
636.62

	1
	
	
	
	
	
	
	
	
	
	
	

	2
	0.000
	0.816
	1.061
	1.386
	1.886
	2.920
	4.303
	6.965
	9.925
	22.327
	31.599

	3
	0.000
	0.765
	0.978
	1.250
	1.638
	2.353
	3.182
	4.541
	5.841
	10.215
	12.924

	4
	0.000
	0.741
	0.941
	1.190
	1.533
	2.132
	2.776
	3.747
	4.604
	7.173
	8.610

	5
	0.000
	0.727
	0.920
	1.156
	1.476
	2.015
	2.571
	3.365
	4.032
	5.893
	6.869

	6
	0.000
	0.718
	0.906
	1.134
	1.440
	1.943
	2.447
	3.143
	3.707
	5.208
	5.959

	7
	0.000
	0.711
	0.896
	1.119
	1.415
	1.895
	2.365
	2.998
	3.499
	4.785
	5.408

	8
	0.000
	0.706
	0.889
	1.108
	1.397
	1.860
	2.306
	2.896
	3.355
	4.501
	5.041

	9
	0.000
	0.703
	0.883
	1.100
	1.383
	1.833
	2.262
	2.821
	3.250
	4.297
	4.781

	10
	0.000
	0.700
	0.879
	1.093
	1.372
	1.812
	2.228
	2.764
	3.169
	4.144
	4.587

	11
	0.000
	0.697
	0.876
	1.088
	1.363
	1.796
	2.201
	2.718
	3.106
	4.025
	4.437

	12
	0.000
	0.695
	0.873
	1.083
	1.356
	1.782
	2.179
	2.681
	3.055
	3.930
	4.318

	13
	0.000
	0.694
	0.870
	1.079
	1.350
	1.771
	2.160
	2.650
	3.012
	3.852
	4.221

	14
	0.000
	0.692
	0.868
	1.076
	1.345
	1.761
	2.145
	2.624
	2.977
	3.787
	4.140

	15
	0.000
	0.691
	0.866
	1.074
	1.341
	1.753
	2.131
	2.602
	2.947
	3.733
	4.073

	16
	0.000
	0.690
	0.865
	1.071
	1.337
	1.746
	2.120
	2.583
	2.921
	3.686
	4.015

	17
	0.000
	0.689
	0.863
	1.069
	1.333
	1.740
	2.110
	2.567
	2.898
	3.646
	3.965

	18
	0.000
	0.688
	0.862
	1.067
	1.330
	1.734
	2.101
	2.552
	2.878
	3.610
	3.922

	19
	0.000
	0.688
	0.861
	1.066
	1.328
	1.729
	2.093
	2.539
	2.861
	3.579
	3.883

	20
	0.000
	0.687
	0.860
	1.064
	1.325
	1.725
	2.086
	2.528
	2.845
	3.552
	3.850

	21
	0.000
	0.686
	0.859
	1.063
	1.323
	1.721
	2.080
	2.518
	2.831
	3.527
	3.819

	22
	0.000
	0.686
	0.858
	1.061
	1.321
	1.717
	2.074
	2.508
	2.819
	3.505
	3.792

	23
	0.000
	0.685
	0.858
	1.060
	1.319
	1.714
	2.069
	2.500
	2.807
	3.485
	3.768

	24
	0.000
	0.685
	0.857
	1.059
	1.318
	1.711
	2.064
	2.492
	2.797
	3.467
	3.745

	25
	0.000
	0.684
	0.856
	1.058
	1.316
	1.708
	2.060
	2.485
	2.787
	3.450
	3.725

	26
	0.000
	0.684
	0.856
	1.058
	1.315
	1.706
	2.056
	2.479
	2.779
	3.435
	3.707

	27
	0.000
	0.684
	0.855
	1.057
	1.314
	1.703
	2.052
	2.473
	2.771
	3.421
	3.690

	28
	0.000
	0.683
	0.855
	1.056
	1.313
	1.701
	2.048
	2.467
	2.763
	3.408
	3.674

	29
	0.000
	0.683
	0.854
	1.055
	1.311
	1.699
	2.045
	2.462
	2.756
	3.396
	3.659

	30
	0.000
	0.683
	0.854
	1.055
	1.310
	1.697
	2.042
	2.457
	2.750
	3.385
	3.646

	40
	0.000
	0.681
	0.851
	1.050
	1.303
	1.684
	2.021
	2.423
	2.704
	3.307
	3.551

	60
	0.000
	0.679
	0.848
	1.045
	1.296
	1.671
	2.000
	2.390
	2.660
	3.232
	3.460

	80
	0.000
	0.678
	0.846
	1.043
	1.292
	1.664
	1.990
	2.374
	2.639
	3.195
	3.416

	100
	0.000
	0.677
	0.845
	1.042
	1.290
	1.660
	1.984
	2.364
	2.626
	3.174
	3.390

	1000
	0.000
	0.675
	0.842
	1.037
	1.282
	1.646
	1.962
	2.330
	2.581
	3.098
	3.300

	z
	0.000
	0.674
	0.842
	1.036
	1.282
	1.645
	1.960
	2.326
	2.576
	3.090
	3.291

	
	0%
	50%
	60%
	70%
	80%
	90%
	95%
	98%
	99%
	99.8%
	99.9%

	
	Confidence Level
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Table of critical values for the F distribution (for use with ANOVA):
How to use this table:

There are two tables here. The first one gives critical values of F at the p = 0.05 level of significance. The second table gives critical values of F at the p = 0.01 level of significance.

1. Obtain your F-ratio. This has (x,y) degrees of freedom associated with it. 

2. Go along x columns, and down y rows. The point of intersection is your critical F-ratio. 

3. If your obtained value of F is equal to or larger than this critical F-value, then your result is significant at that level of probability. 

An example: I obtain an F ratio of 3.96 with (2, 24) degrees of freedom. 

I go along 2 columns and down 24 rows. The critical value of F is 3.40. My obtained F-ratio 

is larger than this, and so I conclude that my obtained F-ratio is likely to occur by chance with a p<.05. 

Critical values of F for the 0.05 significance level:
[image: ]
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1
	161.45
	199.50
	215.71
	224.58
	230.16
	233.99
	236.77
	238.88
	240.54
	241.88

	2
	18.51
	19.00
	19.16
	19.25
	19.30
	19.33
	19.35
	19.37
	19.39
	19.40

	3
	10.13
	9.55
	9.28
	9.12
	9.01
	8.94
	8.89
	8.85
	8.81
	8.79

	4
	7.71
	6.94
	6.59
	6.39
	6.26
	6.16
	6.09
	6.04
	6.00
	5.96

	5
	6.61
	5.79
	5.41
	5.19
	5.05
	4.95
	4.88
	4.82
	4.77
	4.74

	6
	5.99
	5.14
	4.76
	4.53
	4.39
	4.28
	4.21
	4.15
	4.10
	4.06

	7
	5.59
	4.74
	4.35
	4.12
	3.97
	3.87
	3.79
	3.73
	3.68
	3.64

	8
	5.32
	4.46
	4.07
	3.84
	3.69
	3.58
	3.50
	3.44
	3.39
	3.35

	9
	5.12
	4.26
	3.86
	3.63
	3.48
	3.37
	3.29
	3.23
	3.18
	3.14

	10
	4.97
	4.10
	3.71
	3.48
	3.33
	3.22
	3.14
	3.07
	3.02
	2.98

	11
	4.84
	3.98
	3.59
	3.36
	3.20
	3.10
	3.01
	2.95
	2.90
	2.85

	12
	4.75
	3.89
	3.49
	3.26
	3.11
	3.00
	2.91
	2.85
	2.80
	2.75

	13
	4.67
	3.81
	3.41
	3.18
	3.03
	2.92
	2.83
	2.77
	2.71
	2.67

	14
	4.60
	3.74
	3.34
	3.11
	2.96
	2.85
	2.76
	2.70
	2.65
	2.60

	15
	4.54
	3.68
	3.29
	3.06
	2.90
	2.79
	2.71
	2.64
	2.59
	2.54

	16
	4.49
	3.63
	3.24
	3.01
	2.85
	2.74
	2.66
	2.59
	2.54
	2.49

	17
	4.45
	3.59
	3.20
	2.97
	2.81
	2.70
	2.61
	2.55
	2.49
	2.45

	18
	4.41
	3.56
	3.16
	2.93
	2.77
	2.66
	2.58
	2.51
	2.46
	2.41

	19
	4.38
	3.52
	3.13
	2.90
	2.74
	2.63
	2.54
	2.48
	2.42
	2.38

	20
	4.35
	3.49
	3.10
	2.87
	2.71
	2.60
	2.51
	2.45
	2.39
	2.35

	21
	4.33
	3.47
	3.07
	2.84
	2.69
	2.57
	2.49
	2.42
	2.37
	2.32

	22
	4.30
	3.44
	3.05
	2.82
	2.66
	2.55
	2.46
	2.40
	2.34
	2.30

	23
	4.28
	3.42
	3.03
	2.80
	2.64
	2.53
	2.44
	2.38
	2.32
	2.28

	24
	4.26
	3.40
	3.01
	2.78
	2.62
	2.51
	2.42
	2.36
	2.30
	2.26

	25
	4.24
	3.39
	2.99
	2.76
	2.60
	2.49
	2.41
	2.34
	2.28
	2.24

	26
	4.23
	3.37
	2.98
	2.74
	2.59
	2.47
	2.39
	2.32
	2.27
	2.22

	27
	4.21
	3.35
	2.96
	2.73
	2.57
	2.46
	2.37
	2.31
	2.25
	2.20

	28
	4.20
	3.34
	2.95
	2.71
	2.56
	2.45
	2.36
	2.29
	2.24
	2.19

	29
	4.18
	3.33
	2.93
	2.70
	2.55
	2.43
	2.35
	2.28
	2.22
	2.18

	30
	4.17
	3.32
	2.92
	2.69
	2.53
	2.42
	2.33
	2.27
	2.21
	2.17

	31
	4.16
	3.31
	2.91
	2.68
	2.52
	2.41
	2.32
	2.26
	2.20
	2.15

	32
	4.15
	3.30
	2.90
	2.67
	2.51
	2.40
	2.31
	2.24
	2.19
	2.14

	33
	4.14
	3.29
	2.89
	2.66
	2.50
	2.39
	2.30
	2.24
	2.18
	2.13

	34
	4.13
	3.28
	2.88
	2.65
	2.49
	2.38
	2.29
	2.23
	2.17
	2.12

	35
	4.12
	3.27
	2.87
	2.64
	2.49
	2.37
	2.29
	2.22
	2.16
	2.11
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