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Problem 1.
Part #:1 
	SUMMARY OUTPUT

	Regression Statistics

	Multiple R
	0.982909

	R Square
	0.966111

	Adjusted R Square
	0.953402

	Standard Error
	0.379873

	Observations
	12


This model has an R2 of 0.966111 meaning that 96.71% of the variation in residential electricity is explained by residential natural gas, residential fuel oil, and leaded regular gasoline. However, considering only the significant predictors in the model, the adjusted R2 of 0.953402 indicates that 95% of variation in residential electricity can be explained by only significant predictors. The standard error for this model is 0.379873.

	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	3
	32.91006
	10.97002
	76.02049
	3.2E-06

	Residual
	8
	1.154428
	0.144303
	
	

	Total
	11
	34.06449
	 
	 
	 



According to the findings from ANOVA, the model to predict residential electricity is significant (F = 76.02, p-value <0.0001)

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

	Intercept
	1.198407
	0.447384
	2.678702
	0.027982
	0.166739
	2.230075
	0.166739
	2.230075

	Residential Natural Gas 
(1000 cubic feet)
	0.880628
	0.099662
	8.836167
	2.12E-05
	0.650808
	1.110449
	0.650808
	1.110449

	Residual Fuel 
Oil 
	-5.43712
	1.856728
	-2.92833
	0.019047
	-9.71874
	-1.1555
	-9.71874
	-1.1555

	Leaded Regular Gasoline 
(gal)
	3.921086
	1.413128
	2.774757
	0.024119
	0.662407
	7.179765
	0.662407
	7.179765


The linear regression model above reveals that all predictors are significant since all the p-values are below the threshold alpha of 5%.
Part #:2 
	SUMMARY OUTPUT

	Regression Statistics

	Multiple R
	0.985134

	R Square
	0.970489

	Adjusted R Square
	0.953626

	Standard Error
	0.37896

	Observations
	12


According to this model, 97.05% of the variation in residential electricity is caused by the predictors. As for a model with only significant predictors, 95.36% of this variation is explained by the said explanatory variables. The model has a standard error of 0.37896.
	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	33.05922
	8.264804
	57.55006
	1.94E-05

	Residual
	7
	1.005275
	0.143611
	
	

	Total
	11
	34.06449
	 
	 
	 


The findings from ANOVA indicate that the model is significant in predicting residential electricity using the featured predictor variables (F = 57.55, p-value < 0.0001).
	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	0.340926
	0.952441
	0.35795
	0.730931
	-1.91124
	2.59309
	-1.91124
	2.59309

	Residential Natural Gas 
(1000 cubic feet)
	2.146
	1.245614
	1.722846
	0.128583
	-0.79941
	5.091409
	-0.79941
	5.091409

	Residual Fuel 
Oil 
(gal)
	-2.01484
	3.835063
	-0.52537
	0.615549
	-11.0833
	7.053644
	-11.0833
	7.053644

	Leaded Regular Gasoline 
(gal)
	0.453364
	3.683152
	0.123091
	0.905494
	-8.25591
	9.162634
	-8.25591
	9.162634

	Residential Natural Gas 
(1000 cubic feet)^2
	-0.13988
	0.137255
	-1.01911
	0.342072
	-0.46444
	0.184678
	-0.46444
	0.184678


The particular predictors in this regression model are not significant at 95% level of confidence.  
Part #:3
	SUMMARY OUTPUT

	Regression Statistics

	Multiple R
	0.983527

	R Square
	0.967326

	Adjusted R Square
	0.948655

	Standard Error
	0.398754

	Observations
	12


The variation in this model can be explained by the particular independent variables 96.73% of the times. However, only 94.86% of the variation can be explained by the significant predictors. The standard error in this model is 0.398.
	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	32.95146
	8.237865
	51.80893
	2.77E-05

	Residual
	7
	1.113033
	0.159005
	
	

	Total
	11
	34.06449
	 
	 
	 


It is reveal from ANOVA that the model is significant in predicting residential electricity (F = 51.808, p-value <0.0001). 
	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	1.755196
	1.188008
	1.477428
	0.183083
	-1.054
	4.564389
	-1.054
	4.564389

	Residential Natural Gas 
(1000 cubic feet)
	0.893279
	0.107513
	8.308544
	7.15E-05
	0.639051
	1.147508
	0.639051
	1.147508

	Residual Fuel 
Oil 
(gal)
	-8.95395
	7.16287
	-1.25005
	0.251451
	-25.8914
	7.983547
	-25.8914
	7.983547

	Leaded Regular Gasoline 
(gal)
	4.209258
	1.587248
	2.651922
	0.03285
	0.456013
	7.962504
	0.456013
	7.962504

	Residual Fuel 
Oil 
(gal)^2
	3.094554
	6.064995
	0.510232
	0.62558
	-11.2469
	17.43599
	-11.2469
	17.43599


From regression analysis, it was found that only Residential Natural Gas (p-value = <0.0001) and Leaded Regular Gasoline (p-value = 0.032) had significant impact in residential electricity at 95% level of confidence. 
Part #:4
	SUMMARY OUTPUT

	Regression Statistics

	Multiple R
	0.983161

	R Square
	0.966605

	Adjusted R Square
	0.947522

	Standard Error
	0.403127

	Observations
	12


As per the summary output of this model, 96.67% of the variation in the residential electricity can be explained by the featured predictor variables. This slightly changes to 94.75% if only significant predictors are used. The model has a standard error of 0.403, slightly higher than in the previous models. 
	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	32.92691
	8.231728
	50.6533
	2.98E-05

	Residual
	7
	1.137578
	0.162511
	
	

	Total
	11
	34.06449
	 
	 
	 


The findings from ANOVA show that the prediction model is significant (F = 50.65, p-value <0.0001)
	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	0.730471
	1.528813
	0.477803
	0.64735
	-2.8846
	4.34554
	-2.8846
	4.34554

	Residential Natural Gas 
(1000 cubic feet)
	0.86122
	0.121733
	7.07467
	0.000198
	0.573367
	1.149072
	0.573367
	1.149072

	Residual Fuel 
Oil 
(gal)
	-4.97009
	2.446652
	-2.03139
	0.081745
	-10.7555
	0.815319
	-10.7555
	0.815319

	Leaded Regular Gasoline 
(gal)
	5.059928
	3.84159
	1.317144
	0.229267
	-4.02399
	14.14385
	-4.02399
	14.14385

	Leaded Regular Gasoline 
(gal)^2
	-0.7784
	2.4174
	-0.322
	0.756857
	-6.49464
	4.937844
	-6.49464
	4.937844


Regression analysis indicate that only Residential Natural Gas (p-value = 0.000198) is a significant predictor of residential electricity in this model. 
Part #:5 
	SUMMARY OUTPUT

	Regression Statistics

	Multiple R
	0.983557

	R Square
	0.967385

	Adjusted R Square
	0.948748

	Standard Error
	0.39839

	Observations
	12


In this model, we find that 96.74% of the variation in residential electricity is accounted by the predictors in the model regardless of their significance. However, this figure drops to 94.87% when the model has only significant predictors. The model has a standard error of 0.398.
	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	32.95349
	8.238372
	51.90681
	2.75E-05

	Residual
	7
	1.111003
	0.158715
	
	

	Total
	11
	34.06449
	 
	 
	 


Findings from ANOVA reveal that the model is significant in predicting residential electricity (F = 51.907, p-value <0.0001)
	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	1.72329
	1.107733
	1.555691
	0.163734
	-0.89608
	4.342662
	-0.89608
	4.342662

	Residential Natural Gas 
(1000 cubic feet)
	0.638344
	0.474841
	1.344333
	0.220773
	-0.48448
	1.761163
	-0.48448
	1.761163

	Residual Fuel 
Oil 
(gal)
	-9.12429
	7.313057
	-1.24767
	0.25227
	-26.4169
	8.168344
	-26.4169
	8.168344

	Leaded Regular Gasoline 
(gal)
	5.213855
	2.881773
	1.809253
	0.113339
	-1.60045
	12.02817
	-1.60045
	12.02817

	X1.X2
	0.482625
	0.922673
	0.523073
	0.617067
	-1.69915
	2.664401
	-1.69915
	2.664401


Results from the above regression table show that none of the predictor sin this model is significant in predicting residential electricity at 95% level of confidence. 
Part #:6
	SUMMARY OUTPUT

	Regression Statistics

	Multiple R
	0.982953

	R Square
	0.966196

	Adjusted R Square
	0.946879

	Standard Error
	0.405591

	Observations
	12


As for this model, 96.67% of the variation in residential electricity is accounted for by the predictors. On the other hand, only 94.69% of the said variation in explained by significant predictors. The model has a standard error of 0.4055.
	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	32.91296
	8.228241
	50.01853
	3.11E-05

	Residual
	7
	1.151527
	0.164504
	
	

	Total
	11
	34.06449
	 
	 
	 


Findings from ANOVA indicate that this model is significant in predicting the intended outcome, the residential electricity (F = 50.02, p-value <0.0001.) 
	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	1.355185
	1.273585
	1.064071
	0.322619
	-1.65637
	4.366735
	-1.65637
	4.366735

	Residential Natural Gas 
(1000 cubic feet)
	0.806659
	0.567099
	1.422431
	0.197896
	-0.53432
	2.147635
	-0.53432
	2.147635

	Residual Fuel 
Oil 
(gal)
	-5.80741
	3.421361
	-1.6974
	0.133432
	-13.8976
	2.28282
	-13.8976
	2.28282

	Leaded Regular Gasoline 
(gal)
	3.919332
	1.508856
	2.597552
	0.035552
	0.351455
	7.487209
	0.351455
	7.487209

	X1.X3
	0.078286
	0.589531
	0.132793
	0.898094
	-1.31573
	1.472306
	-1.31573
	1.472306


Results from regression analysis show that Leaded Regular Gasoline (p-value = 0.035552) is the only significant predictor of residential electricity. 
Part #:7
The best model is in Part 1:
ŷ = 1.198407+ 0.880628X1-5.43712X2+ 3.921086X3
Where: -
ŷ = residential electricity 
X1 = Residential Natural Gas (1000 cubic feet)
X2 = Residual Fuel Oil (gal)
X3 = Leaded Regular Gasoline (gal)
This is because the mode has a relatively high adjusted R2, relatively lower standard error, and yet all the predictors in the model are significant. This is not the case for the rest pf the models. 
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Problem 2.
Part #: 1
	Linear Regression Analysis

	Regression Statistics

	R Square
	97.5%

	Adjusted R Square
	97.5%

	Standard Error
	309.79

	LLF
	-1677.89

	AIC
	3368.14

	SBIC
	3388.53

	Observations
	235



	ANOVA
	
	
	
	
	
	5.0%

	 
	df
	SS
	MS
	F
	P-Value
	SIG?

	Regression
	6
	864995509
	144165918.2
	1502.20
	0.0%
	TRUE

	Residuals
	228
	21881130
	95969.9
	
	
	

	Total
	234
	886876639
	 
	 
	 
	 



	Regression Coefficients
	
	
	
	
	5.0%

	 
	Value
	std. Error
	t-stat
	P-Value
	LL
	UL
	SIG?

	Intercept
	379.81
	421.99
	0.90
	18.5%
	-451.70
	1211.32
	FALSE

	DOTEST
	0.90
	0.02
	54.76
	0.0%
	0.87
	0.94
	TRUE

	B2B1RAT
	-121.22
	420.96
	-0.29
	38.7%
	-950.70
	708.25
	FALSE

	B3B1RAT
	-231.97
	244.88
	-0.95
	17.2%
	-714.49
	250.55
	FALSE

	BHB1RAT
	-80.60
	55.16
	-1.46
	7.3%
	-189.29
	28.08
	FALSE

	BTPRATIO
	163.47
	140.90
	1.16
	12.4%
	-114.16
	441.09
	FALSE

	DAYSEST
	0.33
	0.18
	1.79
	3.8%
	-0.03
	0.69
	FALSE



	Stepwise Regression
	5.0%

	 
	FWD
	BKWD
	BIDI

	Intercept
	1
	1
	1

	DOTEST
	1
	1
	1

	B2B1RAT
	0
	0
	0

	B3B1RAT
	1
	1
	1

	BHB1RAT
	0
	0
	0

	BTPRATIO
	0
	0
	0

	DAYSEST
	0
	0
	0

	R Square
	97.5%
	97.5%
	97.5%

	Standard Error
	310.9
	310.9
	310.9

	AIC
	3365.5
	3365.5
	3365.5



Part #: 2
COST = 0.90 + -121.22(DOTEST) + -231.97(B3B1RAT) 

Part #:3
The model given I Part 3 is the best of all possible models as per stepwise regression findings. This is supported by the fact that BIDI (Bidirectional – which is a combination of both stepwise and backward techniques) has the lowest possible Akaike Information Criteria (AIC) of 3365.5 when the model has only DOTEST and B3B1RAT as independent variables. Furthermore, the model’s R2 and adjusted R2 are the same, i.e. 97.5% of the variation in cost can be explained by only DOTEST and B3B1RAT, which is parsimonious as opposed to a full model. Also, ANOVA results indicate that the model is reliable at 95% level of confidence (F = 1502.20, p-value < 0.0001). 



































Problem 3.
Part #:1
	SUMMARY OUTPUT

	Regression Statistics

	Multiple R
	0.887565

	R Square
	0.787772

	Adjusted R Square
	0.784144

	Standard Error
	1507.399

	Observations
	120



	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	2
	9.87E+08
	4.93E+08
	217.1467
	4.15E-40

	Residual
	117
	2.66E+08
	2272251
	
	

	Total
	119
	1.25E+09
	 
	 
	 



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

	Intercept
	-1376.04
	537.8449
	-2.55844
	0.011791
	-2441.22
	-310.87
	-2441.22
	-310.87

	Annual Household Income           ($)
	0.190817
	0.009176
	20.7945
	4.2E-41
	0.172643
	0.20899
	0.172643
	0.20899

	Location
	0
	0
	65535
	#NUM!
	0
	0
	0
	0



Part #:2

	SUMMARY OUTPUT

	Regression Statistics

	Multiple R
	0.951249

	R Square
	0.904875

	Adjusted R Square
	0.897829

	Standard Error
	1203.094

	Observations
	59




	ANOVA
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	7.44E+08
	1.86E+08
	128.4185
	6.6E-27

	Residual
	54
	78161445
	1447434
	
	

	Total
	58
	8.22E+08
	 
	 
	 




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

	Intercept
	-2662.35
	621.7366
	-4.28212
	7.64E-05
	-3908.86
	-1415.85
	-3908.86
	-1415.85

	Annual Household Income           ($)
	0.207053
	0.009389
	22.05318
	1.12E-28
	0.18823
	0.225877
	0.18823
	0.225877

	NE
	0
	0
	65535
	#NUM!
	0
	0
	0
	0

	MW
	-70.3828
	315.4958
	-0.22309
	#NUM!
	-702.914
	562.1482
	-702.914
	562.1482

	S
	193.776
	192.4769
	1.006749
	0.318545
	-192.117
	579.6689
	-192.117
	579.6689



Part #:3
Food = -1376.04 + 0.19081(Income) + 0(Metro)
Food = -1376.04 + 0.19081 (60,000) + 0
Food = 12824.64

Part #:4
Food = -2662.35 + 0.207053(Income) + 0(NE) + -70.3828(MW) + 193.776(S)
Food = -2662.35 + 0.207053(35,000) + 0(0) + -70.3828(0) + 193.776(1)
Food = 4778.281

