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The correlation: Test for Association
The hypothesis for this test is:
Ho: Employee annual sick days and particular matter do not associate significantly
H1: Employee annual sick days and particular matter associates significantly
	 
	microns
	mean annual sick days per employee

	microns
	1
	

	mean annual sick days per employee
	-0.71598
	1


The correlation Coefficient.
The correlation coefficient at 95% level of significance is -0.71598. This implies a strong negative association. We therefore reject the null hypothesis and conclude that employee annual sick days and particular matter associates significantly.
Assumptions.
The level of measurement for both the data sets is scale. 
There are no outliers in the data (Andrew, et al, 2013).
The data follows a normal distribution as indicated by the close to equal measures of central tendency. 

	Microns
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Frequency
	8
	7
	7
	10
	13
	9
	15
	18
	10
	6
	0
	0
	0

	Mean annual sick days per employee
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	Frequency
	0
	1
	1
	5
	13
	18
	24
	18
	12
	7
	2
	2
	0


Frequency distributions and histogram representation for both variables


	microns
	 
	mean annual sick days per employee
	 

	Mean
	5.657281553
	Mean
	7.126213592

	Standard Error
	0.255600143
	Standard Error
	0.186483898

	Median
	6
	Median
	7

	Mode
	8
	Mode
	7

	Standard Deviation
	2.59405814
	Standard Deviation
	1.892604864

	Sample Variance
	6.729137636
	Sample Variance
	3.58195317

	Kurtosis
	-0.8521619
	Kurtosis
	0.124922603

	Skewness
	-0.37325713
	Skewness
	0.142249784

	Range
	9.8
	Range
	10

	Minimum
	0.2
	Minimum
	2

	Maximum
	10
	Maximum
	12

	Sum
	582.7
	Sum
	734

	Count
	103
	Count
	103

	Confidence Level (95.0%)
	0.506981673
	Confidence Level (95.0%)
	0.369889928


Descriptive statistics for both variables.
Measures of Central Tendency and Scale of Measure
	The mean, mode and median for microns is 5.657, 8, and 6. This implies a slight variation from equality and thus the data have a slight skewness but close to normal. The measures of central tendency for sick days are 7.126, 7, and 7, implying a perfect normal distribution. The scale of measure for the data is ratio.
Simple Regression: Model Effectiveness in Prediction
Ho: The slope of the model is equal to zero
Ha: The slope of the equation is significantly different from zero
[image: ]
 	The multiple r =0.94, while r2 = 0.88, at α = 0.05, significant F value is 7.66E-105 < 0.05, this indicates that the safety training accounts for 88% of the lost time. The 95% confidence interval for the intercept is (268.196, 278.70) indicating that zero is not include.
The model for prediction is; yi = 273.45 – 0.14Xi
We therefore reject the null hypothesis and conclude that the slope of the equation is significantly different from zero 	
The assumptions for this test is that the all the data are pared and the dependent variable is normally distributed ((Yoo, & Harman, 2012). 
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Frequency distributions and Histogram representation of the variables.
	 training expenditure
	 
	lost time hours
	 

	Mean
	595.9843812
	Mean
	188.0044843

	Standard Error
	31.4770075
	Standard Error
	4.803089447

	Median
	507.772
	Median
	190

	Mode
	234
	Mode
	190

	Standard Deviation
	470.0519613
	Standard Deviation
	71.72542099

	Sample Variance
	220948.8463
	Sample Variance
	5144.536016

	Kurtosis
	0.444080195
	Kurtosis
	-0.501223533

	Skewness
	0.951331922
	Skewness
	-0.081984874

	Range
	2251.404
	Range
	350

	Minimum
	20.456
	Minimum
	10

	Maximum
	2271.86
	Maximum
	360

	Sum
	132904.517
	Sum
	41925

	Count
	223
	Count
	223

	Confidence Level (95.0%)
	62.03197147
	Confidence Level (95.0%)
	9.465483893


Measures of Central Tendency and scale of measure
 The mean mode and median for the training expenditure is 595.98, 234, and 507.77. The data indicates skewness to the right. The mean, mode and median are 188, 190 and 190, implying a negligibly skewed. The data is normally distributed. The histogram representations of the data also show the shapes. The scale of measure for this data is ratio
Multiple Regression to Determine level of Noise in the Workplace
Level of noise in decibel is the dependent variable.
H0: The slope of the model is not significantly different from zero
Ha: The slope of the model is significantly different from zero.
[image: ]
 Multiple Regression excel output	

 The multiple r = 0.6, while r2 = 0.36, therefore the independent variables accounts for 36% of the dependent variable, level of noise. The significance F for the intercept is 2.1E-143 < 0.05, while the p-values for the other variables are, Frequency is 4.1E-104<0.05, Angle is 0.204˃0.05, Chord length is 0.06˃0.05, velocity is, 1.02E-18<0.05, while that for displacement is 5.21E-45<0.05
 The 95% confidence interval for two variables, chord length and angle include zero
Model of predicting level of noise is 
yi = 126.82 – 0.0011x1 + 0.0473x2 – 5.495x3+ 0.083x4 – 240.506x5
 	Since two of the variables have p-value greater than the critical value and the confidence intervals of the two variables includes zero, we therefore fail to reject the null hypothesis and conclude the slope of the model is not significantly different from zero
Assumptions (Yoo, & Harman, 2012).
Data should not be related to the residuals, this assumption is not met 
There is no linearity between the dependent and the independent variables
The population from which the data was draw do not follow normal distributions.
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Frequency distribution for Frequency & Angle variables
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Frequency distribution for Noise level & Displacement variables
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Frequency distribution table for Velocity variable & Chord length Variable



Histograms representing Angle & Frequency variables 

Histograms representing Velocity & Chord Length variables
[image: ]
Histograms representing Noise level & displacement variables
[image: ]
Descriptive statistics for the variables

Measures of central tendency and scale of measure
 	The only data with measures of central tendency implying a normal distribution is the level of noise in decibel. This is indicated by 124.8, 127.3 and 125.7, mean mode and median respectively. The rest of the variables have skewed distributions indicated by large variations in the measures of central tendency. The scale of measure for all the data variables in the test is ratio
T-test for independent samples
H0: The means for the populations from which the data was drawn are not significantly different
H1: The means for the populations from which the data was drawn are significantly different
	t-Test: Two-Sample Assuming Unequal Variances
	

	 
	Group A Prior Training Scores
	Group B Revised Training Scores

	Mean
	69.79032258
	84.77419355

	Variance
	122.004495
	26.96456901

	Observations
	62
	62

	Hypothesized Mean Difference
	0
	

	Df
	87
	

	t Stat
	-9.666557191
	

	P(T<=t) one-tail
	9.69914E-16
	

	t Critical one-tail
	1.662557349
	

	P(T<=t) two-tail
	1.93983E-15
	

	t Critical two-tail
	1.987608282
	 


T-test for difference in mean
 	The sample means X-bar for the two variables are 69.79032 and 84.7742. P-value is 1.93983E-15, 1.93983E-15 < 0.05 therefore we reject the null hypothesis and conclude that the means for the populations from which the data was drawn are significantly different.
Assumptions
 The data scale of measurement is ratio
The technique of drawing the sample was randomized.
The measures of central tendency were drawn from populations following normal distribution as indicated by the plots and the measures of central tendency (Garson, 2012).	
	. Group A Prior Training Scores
	50
	55
	60
	65
	70
	75
	80
	85
	90
	95

	Frequency
	4
	5
	3
	11
	9
	10
	11
	3
	5
	1

	
	
	
	
	
	
	
	
	
	
	

	Group B Revised Training Scores
	74
	76
	78
	80
	82
	84
	86
	88
	90
	92
	94
	96
	98

	Frequency
	0
	4
	3
	7
	6
	9
	11
	7
	7
	4
	1
	2
	1


Frequency Distributions tables


Histogram representations
	Group A Prior Training Scores
	 
	Group B Revised Training Scores
	 

	Mean
	69.79032258
	Mean
	84.77419355

	Standard Error
	1.402788093
	Standard Error
	0.659478888

	Median
	70
	Median
	85

	Mode
	80
	Mode
	85

	Standard Deviation
	11.04556449
	Standard Deviation
	5.192741955

	Sample Variance
	122.004495
	Sample Variance
	26.96456901

	Kurtosis
	-0.77667598
	Kurtosis
	-0.352537913

	Skewness
	-0.086798138
	Skewness
	0.144084526

	Range
	41
	Range
	22

	Minimum
	50
	Minimum
	75

	Maximum
	91
	Maximum
	97

	Sum
	4327
	Sum
	5256

	Count
	62
	Count
	62

	Confidence Level (95.0%)
	2.805048156
	Confidence Level (95.0%)
	1.318709538


Descriptive statistics table
Measures of central Tendency and scale of measure
  	Group B measures of central tendency indicates a perfect normal distribution since the variation is very slight. While on the other hand, that for group A training follows a slightly skewed distribution because the variation from the mean is higher.	
The scale of measurement for these data is ratio because it represents results in figures.
Paired Samples T-test 
H0: The average blood lead level for the group before exposure and after exposure to lead are not significantly different
H1: The average blood lead level for the group before exposure and after exposure to lead are significantly different
	t-Test: Paired Two Sample for Means
	

	 
	Pre-Exposure μg/dL
	Post-Exposure μg/dL

	Mean
	32.85714286
	33.28571429

	Variance
	150.4583333
	155.5

	Observations
	49
	49

	Pearson Correlation
	0.992236043
	

	Hypothesized Mean Difference
	0
	

	df
	48
	

	t Stat
	-1.929802563
	

	P(T<=t) one-tail
	0.029776357
	

	t Critical one-tail
	1.677224196
	

	P(T<=t) two-tail
	0.059552714
	

	t Critical two-tail
	2.010634758
	 


T-test for to paired samples.
  	At 95% level of significance, the critical value is -1.92980, while the p-value for the one tailed test is 0.029776. Thus, 0.029776< 0.05 and therefore we reject the null hypothesis and conclude that the average blood lead level for the group before exposure and after exposure to lead are significantly different
Assumptions:
The data are independent (Garson, 2012).
The populations from which the data was drawn follows a normal distribution. 
The scale of measure for both variables is ratio/interval
	Pre-Exposure μg/dL
	4
	8
	12
	16
	20
	24
	28
	32
	36
	40
	44
	48
	52
	56
	60

	Frequency
	0
	2
	2
	2
	3
	4
	3
	4
	9
	4
	8
	4
	3
	1
	0

	Post-Exposure μg/dL
	4
	8
	12
	16
	20
	24
	28
	32
	36
	40
	44
	48
	52
	56
	60

	Frequency
	0
	2
	2
	2
	3
	4
	3
	4
	5
	6
	10
	4
	3
	1
	0


Frequency distribution tables


        Histogram representations
	Pre-Exposure μg/dL
	
	Post-Exposure μg/dL
	

	
	
	
	

	Mean
	32.8571429
	Mean
	33.28571429

	Standard Error
	1.75230655
	Standard Error
	1.781423416

	Median
	35
	Median
	36

	Mode
	36
	Mode
	38

	Standard Deviation
	12.2661458
	Standard Deviation
	12.46996391

	Sample Variance
	150.458333
	Sample Variance
	155.5

	Kurtosis
	-0.5760371
	Kurtosis
	-0.654212507

	Skewness
	-0.4251097
	Skewness
	-0.483629097

	Range
	50
	Range
	50

	Minimum
	6
	Minimum
	6

	Maximum
	56
	Maximum
	56

	Sum
	1610
	Sum
	1631

	Count
	49
	Count
	49

	Confidence Level (95%)
	3.52324845
	Confidence Level (95%)
	3.581791839


Descriptive statistics table
Measures of Central tendency and scale of measurement
 Both data indicate a slight skewness to the left as indicated by the smaller means as compared to both medians and modes. The data is thus approximately normally distributed. The shapes of the histogram plots are both bell-shaped, confirming the distribution. The scale of measurement for the data is interval
ANOVA One-Way test 
H0: µA = µB = µC = µD
H1: µA ≠ µB≠ µC≠ µD
	ANOVA: Single Factor
	
	
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	A = Air
	20
	178
	8.9
	9.357895
	
	

	B = Soil
	20
	182
	9.1
	3.042105
	
	

	C = Water
	20
	140
	7
	6.631579
	
	

	D = Training
	20
	108
	5.4
	1.410526
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	182.8
	3
	60.93333333
	11.9231
	1.76E-06
	 2.724944

	Within Groups
	388.4
	76
	5.110526316
	
	
	

	Total
	571.2
	79
	 
	 
	
	


One-ANOVA test table
 	
The sample means X-bar for A, B, C, D are 8.9, 9.1, 7 and 5.4. The significance value is α = 0.05. The critical value, F = 2.7249, while the P-value is 1.76E-06< 2.7249. We fail to reject null hypothesis and the mean returns on investment for A, B, C, and D are not significantly different.
Assumptions
The scale of measure for the data is interval (Cardinal, & Aitken, 2013)
The population from which the data was drawn follows normal distribution.
	A = Air
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Frequency
	0
	1
	1
	2
	1
	0
	3
	3
	2
	3
	2
	1
	1

	B = Soil
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Frequency
	0
	0
	0
	0
	1
	2
	5
	5
	3
	2
	1
	1
	0

	C = Water
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Frequency
	0
	1
	1
	4
	5
	3
	1
	1
	1
	1
	2
	0
	0

	D = Training
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Frequency
	0
	1
	3
	7
	6
	2
	1
	0
	0
	0
	0
	0
	0


Frequency distribution tables

Histogram representations

Histogram representations
[image: ]
The descriptive statistics table
Measures of central tendency and measures of scale
 	The measures of central tendency for the training, water, and soil are slightly skewed to the right but approximately follow normal populations. This is indicated by slightly greater mean than the mode and median. The air variable has a skewness to the left as the mean is less than the median and the mode.  The scale of measure for all the data sets is interval
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Lost Time
Frequency	15	30	45	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	More	1	1	3	19	8	15	8	21	3	15	29	20	6	25	11	6	12	12	0	4	3	1	0	0	lost time hours
Frequency
Frequency (Hz)
Frequency	1000	2000	4000	3000	5000	7000	8000	10000	13000	16000	20000	6000	9000	11000	12000	14000	15000	17000	18000	19000	More	564	308	205	104	95	89	52	42	25	13	6	0	0	0	0	0	0	0	0	0	0	Frequency (Hz)
Frequency
Angle
Frequency	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	More	329	87	89	143	71	85	33	97	75	120	0	28	130	0	0	95	0	63	0	28	0	0	30	0	Angle in Degrees
Frequency
Chord Length
Frequency	0.01	0.02	0.03	0.04	0.05	0.06	0.07	0.08	0.09	0.1	0.11	0.12	0.13	0.14	0.15	0.16	0.17	0.18	0.19	0.2	More	0	0	1	85	82	79	85	98	86	94	74	93	99	89	87	95	91	95	73	97	0	Chord Length
Frequency
Velocity
Frequency	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	68	70	72	More	0	281	0	0	0	480	0	0	0	0	0	0	0	277	0	0	0	0	0	0	465	0	Velocity (Meters per Second)
Frequency
Level of Noise
Frequency	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	More	0	0	1	3	11	21	29	51	65	80	99	125	136	156	171	180	158	106	68	28	13	2	0	Decibel
Frequency
Group A
Frequency	74	76	78	80	82	84	86	88	90	92	94	96	98	More	0	4	3	7	6	9	11	7	7	4	1	2	1	0	Group B Revised Training Scores
Frequency
Group B
Frequency	50	55	60	65	70	75	80	85	90	95	More	4	5	3	11	9	10	11	3	5	1	0	Group A Prior Training Scores
Frequency
Pre-exposure
Frequency	4	8	12	16	20	24	28	32	36	40	44	48	52	56	60	More	0	2	2	2	3	4	3	4	9	4	8	4	3	1	0	0	Pre-Exposure μg/dL
Frequency
post-exposure
Frequency	4	8	12	16	20	24	28	32	36	40	44	48	52	56	60	More	0	2	2	2	3	4	3	4	5	6	10	4	3	1	0	0	Post-Exposure μg/dL
Frequency
Air
Frequency	2	3	4	5	6	7	8	9	10	11	12	13	14	More	0	1	1	2	1	0	3	3	2	3	2	1	1	0	A = Air
Frequency
Soil
Frequency	2	3	4	5	6	7	8	9	10	11	12	13	14	More	0	0	0	0	1	2	5	5	3	2	1	1	0	0	B = Soil
Frequency
Water
Frequency	2	3	4	5	6	7	8	9	10	11	12	13	14	More	0	1	1	4	5	3	1	1	1	1	2	0	0	0	C = Water
Frequency
Training
Frequency	2	3	4	5	6	7	8	9	10	11	12	13	14	More	0	1	3	7	6	2	1	0	0	0	0	0	0	0	D = Training
Frequency
Micros
Frequency	1	2	3	4	5	6	7	8	9	10	11	More	0	1	1	5	13	18	24	18	12	7	2	2	Micros
Frequency
Sick days leave
Frequency	1	2	3	4	5	6	7	8	9	10	11	12	More	8	7	7	10	13	9	15	18	10	6	0	0	0	mean annual sick days per employee
Frequency
image1.emf
SUMMARY OUTPUT

Regression Statistics

Multiple R 0.939559324

Regression Statistics

R Square 0.882771723

Adjusted R Square0.882241279

Standard Error24.61328875

Observations 223

ANOVA

df SS MS F Significance F

Regression 1 1008202.11 1008202.111664.21069 7.659E-105

Residual 221 133884.89 605.813983

Total 222 1142087

CoefficientsStandard Error t Stat P-value Lower 95% Upper 95%Lower 95.0%Upper 95.0%

Intercept 273.449419 2.66526196 102.597577 2.141E-188 268.196837 278.702001 268.196837 278.7020007

safety training expenditure-0.14336774 0.00351437 -40.794738 7.659E-105-0.15029371-0.13644178 -0.1502937 -0.136441778
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lost time hours 15 30 45 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300315330345360375

Frequency 1 1 3 19 8 15 8 21 3 15 29 20 6 25 11 6 12 12 0 4 3 1 0
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safety training expenditure 100 200 300 40050060070080090010001100120013001400150016001700180019002000210022002300

Frequency 23 20 47 10 8 17 14 16 11 18 8 8 1 4 6 6 0 2 1 2 0 0 1
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SUMMARY OUTPUT

Regression Statistics

Multiple R 0.601841822

R Square 0.362213579

Adjusted R Square 0.360083364

Standard Error 5.51856585

Observations 1503

ANOVA

df SS MS F Significance F

Regression 5 25891.88784 5178.377569 170.0361 2.1E-143

Residual 1497 45590.48986 30.45456904

Total 1502 71482.3777

Coefficients Standard Error t Stat P-value Lower 95%Upper 95%Lower 95.0%Upper 95.0%

Intercept 126.8224555 0.623820253 203.2996763 0 125.5988 128.0461 125.5988 128.04611

Frequency (Hz) -0.0011169 4.7551E-05 -23.48846042 4.1E-104 -0.00121 -0.00102-0.0012102 -0.0010236

Angle in Degrees 0.047342353 0.037308069 1.268957462 0.204654 -0.02584 0.120524-0.0258393 0.12052399

Chord Length -5.495318335 2.927962181 -1.876840613 0.060734 -11.2387 0.248026-11.238662 0.24802567

Velocity (Meters per Second) 0.083239634 0.009300188 8.950317436 1.02E-18 0.064997 0.101482 0.0649969 0.10148242

Displacement -240.5059086 16.51902666 -14.55932686 5.21E-45 -272.909 -208.103 -272.9088 -208.10301
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Frequency 

(Hz)

1000 2000 3000 4000 5000 6000 7000 8000 90001000011000120001300014000150001600017000180001900020000More

Frequency 564 308 104 205 95 0 89 52 0 42 0 0 25 0 0 13 0 0 0 6 0
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Angle in Degrees 1 2 3 4 5 6 7 8 9 101112 1314151617181920212223
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Displacement 0.0001 0.0051 0.01010.0150.02010.0251 0.0301 0.04 0.04 0.050.05010.055 0.0601
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Decibel 100 102 104 106 108 110 112 114 116 118 120 122 124 126 128 130 132 134 136 138 140 142

Frequency 0 0 1 3 11 21 29 51 65 80 99 125 136 156 171 180 158 106 68 28 13 2
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Velocity (Meters per 

Second)

30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 68 70 72

Frequency 0 281 0 0 0 480 0 0 0 0 0 0 0 277 0 0 0 0 0 0 465
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Chord Length 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.10.12 0.13 0.140.15 0.160.17 0.18 0.2 0.2

Frequency 0 0 1 85 82 79 85 98 86 94 74 93 99 89 87 95 91 95 73 97
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Frequency (Hz) Frequency (Hz) Angles (degrees) Chord Length Velocity Displacement Decibel

Mean 2886.380572 6.782302063 0.116140053 50.86074518 0.01113988 124.8359428

Standard Error 81.31781119 0.152652835 0.001256368 0.401686079 0.000339199 0.177944692

Median 1600 5.4 0.1176 39.6 0.00495741 125.721

Mode 2000 0 0.0917 39.6 0.00529514 127.315

Standard Deviation 3152.573137 5.918128125 0.048707555 15.5727844 0.013150234 6.898656622

Sample Variance 9938717.384 35.0242405 0.002372426 242.5116138 0.000172929 47.59146318

Kurtosis 5.708685077 -0.412950793 -1.178196484 -1.563951274 2.218903124 -0.3141873

Skewness 2.137084337 0.689164402 -0.027537436 0.235852414 1.702164556 -0.41895219

Range 19800 22.2 0.1697 39.6 0.058010618 37.607

Minimum 200 0 0.03 31.7 0.000400682 103.38

Maximum 20000 22.2 0.1997 71.3 0.0584113 140.987

Sum 4338230 10193.8 174.5585 76443.7 16.74324023 187628.422

Count 1503 1503 1503 1503 1503 1503

Confidence Level(95.0%) 159.5085171 0.29943535 0.002464422 0.787925176 0.000665353 0.349046458


image14.emf
A = Air B = Soil C = Water D = Training

Mean 8.9Mean 9.1Mean 7Mean 5.4

Standard Error 0.684028316Standard Error 0.39000675Standard Error 0.575829Standard Error 0.265567912

Median 9Median 9Median 6Median 5

Mode 11Mode 8Mode 6Mode 5

Standard Deviation3.059067625Standard Deviation 1.7441632Standard Deviation2.575185Standard Deviation 1.187655807

Sample Variance 9.357894737Sample Variance 3.04210526Sample Variance 6.631579Sample Variance 1.410526316

Kurtosis -0.62830092Kurtosis 0.11923032Kurtosis -0.23752Kurtosis 0.253746631

Skewness -0.36084917Skewness 0.49200183Skewness 0.760206Skewness 0.159183094

Range 11Range 7Range 9Range 5

Minimum 3Minimum 6Minimum 3Minimum 3

Maximum 14Maximum 13Maximum 12Maximum 8

Sum 178Sum 182Sum 140Sum 108

Count 20Count 20Count 20Count 20

Confidence 

Level(95.0%)

1.431687719

Confidence 

Level(95.0%)

0.8162935

Confidence 

Level(95.0%)

1.205224

Confidence 

Level(95.0%)

0.555840028


