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Executive Summary

	The purpose of this research study is to estimate the amount of oil usage per household in a given area to avoid providing free oil, due to our recent promotion to Acme Oil customers. The following independent variables were used in the study: degree-days (environmental temperature), home index (home characteristics) and number of people per household. Descriptive statistics and correlation tests were used to evaluate the independent variables relationship with respect to the dependent variable; oil usage. We found that the independent variables most relevant for the research were home index and degree-days, accounting for a combined 78.255% of the variation in oil usage. This allowed us to recommend a proper oil supply to our customers, which in turn benefited Acme Oil. Therefore we conclude that the amount of oil Acme Oil should provide is 873 liters per household in order to avoid implementing the promised promotion. 
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Introduction

	In an effort to boost their market share in home heating alternatives. Acme Oil reduces the concern customers might have of their heating oil running out by guaranteeing to deliver 200 free liters to their customers if they let them run dry. This strategy, used to make heating oil as appealing as electricity or natural gas, could potentially cost the company a lot of money. For this reason, the primary issue in concerns to Acme Oils operations is, estimating their customers oil usage better and at the same time, estimating when they might be vulnerable of running out. Understanding the customers oil usage better, allows them to get a closer estimate of when customers might run out as well, this offers the company a bit more protection in regard to having to dish out 200 free liters of heating oil. Which would be considered a loss, from the company’s perspective. 

	Acme Oil’s motivation for this study is their desire to understand how much oil the average customer uses. Knowing this data will allow them to save because they will be more aware of their customers oil levels, therefore they can serve their customers better by filling their oil tanks before they’re empty. Our job is to prepare a report summarizing the results that can be discovered from the analysis of the data. In addition, constructing the best regression models that can be used to predict the consumption using Home Index as a continuous variable. We hypothesize that the average oil usage per household is 1,000 liters. Therefore, our hypotheses are the following; 

Null Hypothesis - H0: μ = 1,000L
Alternative Hypothesis - Ha: μ ≠ 1,000L

Methodology

	Our sample includes 40 customer households, with a varying number of individuals within the household. From this sample we gathered data on oil usage, degree-days, and the home index. The last oil fill in liters of the customer’s household represents oil usage. Degree-days are the total degree-days since the last fill, a measure of the difference between the average daily temperature and 20 degrees Celsius. Lastly, the home index is a classification of the home based on the size, age, exposure to wind, level of insulation, and furnace type. All of these variables; oil usage, degree-days, home index, and number of people are factors with a contributing force to change the average oil usage of customers. For instance, degree-days can have an influence on how warm the customer might want it in their home, customers will reduce their consumption if it is warmer outside. 

	In addition, the number of people in the household could have an affect on the consumption as well; less people in the home might lead to less heating requirements, or vise-versa. And finally, home index gives the company an idea of how sustainable the household might be, how large the home is, the environment the home usually endures and how insulated it is. The home index measure is a ranking from 1 to 5, reflecting these values; the lower the number, the less consumption expected per degree-day. Just like the other variables; degree-days and number of people, the home index could have a potential influence on oil usage. In this study, we classify oil usage as the dependent variable. Degree-days, home index, and number of people are all marked as independent variables, or betas in regards to the regression equation. 

	Our procedure of analysis began with finding descriptive statistics of the three variables, to become familiar with the data. From there, we developed three simple-linear regression models for each of the three variables, to test their significance by calculating R square. We then will identify the variables, which make a significant contribution to our regression model, and disregard those with little influence. Finally, we will develop a multiple regression model using these significant variables, which can then be used by Acme Oil as a final multiple-linear regression model to distribute oil. 

Findings

	To familiarizing ourselves with the data first, we looked at measures of central tendency pertaining to the dependent variable, Oil Usage (Table #1). Our results showed the mean oil usage was 872.2L, with a minimum value of 28L and a maximum value of 2,716L. Other measures found were; median = 682L, Q1 = 340, Q2 = 1,276, and the IQR = 936. The mode was non applicable. Out of this sample of 40 homes, the standard deviation was 706.80L, with a variance of 499,572.47. 

	After familiarizing ourselves, we looked at the independent variables. The first independent variable we conducted tests on was degree-days, seen in Table #2. The measures of central tendencies in this variable are; mean 334.09 and median of 335.28, which provides negatively skewed data, as the mode is non applicable. The measures of variance included standard deviation 211.88, variance 44,892.83, range of 783.33, coefficient of variation 0.63 and IQR 329.44. The Q1 and Q3 were 163.33 and 492.77 respectively. In Table #3 & Figure #1 we see the significance of this independent variable to the oil usage (dependent variable) is R2 = 0.29. This relationship symbolizes that 29.48% of the variation in oil usage is explained through degree-days. The coefficient of correlation of degree-days is r=0.54 (Table #3), which tells us there’s a strong positive linear relation between oil usage and degree-days.

Figure #1 – Simple Linear Regression of DegreeDays

	The second independent variable is Home Index (Table #4). The measures of central tendencies of the variable are seen in Table #4; mean 2.75, median of 3.00 and mode of 1, which provides positively skewed data. The measures of variance included standard deviation 1.42, variance 2.040, range of 4, coefficient of variation 0.52 and IQR 2.00. The Q1 and Q3 were 2.00 and 4.00 respectively. In Table #5 & Figure #2 we see the significance of this independent variable to the oil usage is R2= 0.44, meaning home index represents 44% of the variation in oil usage. Much like the precious independent variable, the coefficient of correlation is r= 0.66 (Table #5), representing a strong positive linear relation.


Figure #2 – Simple Linear Regression of HomeIndex
	The last independent variable is number of people in a single home (Table #6). The measures of central tendencies of the variable are seen in Table #6; mean 4.35, median 4.00 and mode 4, which provides negatively, skewed data. The measures of variance include; standard deviation 1.31, variance 1.72, range 6, coefficient 0.30 and IQR 2.00. The Q1 and Q3 were 3.00 and 5.00 respectively. In Table #7 & Figure #3 we see the significance of the independent variable to the oil usage is R2= 0.01. Suggesting to us that, the number of people is relatively insignificant in terms of affecting the variation in oil usage, with only 0.7%. This correlation of r=0.09 (Table #7), shows us there is a very weak linear relation between the two. 


Figure #3 – Simple Linear Regression of NumberPeople

	The last test that was conducted for these variables was a multiple linear regression. The findings of this test are as follows. First, the relationship between the 3 independent variable (degree days, home index and number of people) compared to the dependent variable (oil usage) showed a R2 =0.78 (Table #8). However, we previously concluded that one of the independent variables was practically insignificant. Therefore, the second test excluded the independent variable (Number of people) that did not reject our H0. It included the two independent variables that were rejected from our null Hypothesis (degree days and Home Index) compared to the dependent variable (oil usage) and provided the same R2 result as our first multiple linear regression test of 0.78 (Table #9).  We decided to disregard the independent variable, number of people, because it was found to have little influence on the oil usage and not contribute to the regression equation model. 



Multiple Linear Regression – Degree Days & Home Index
	Regression Statistics
	 

	R
	0.88462

	R Square
	0.78255

	Adjusted R Square
	0.7708

	Standard Error
	338.38134

	Total Number Of Cases
	40


OilUsage =- 736.3831 + 1.9619 * DegreeDays + 346.5829 * HomeIndex
	 
	Coefficients

	Intercept
	-736.38314

	DegreeDays
	1.96194

	HomeIndex
	346.58289

	H0 (2%) rejected?

	Yes

	Yes

	Yes


Table #9 – Multiple Linear Regressions of DegreeDays & HomeIndex

	We discovered there was a very strong positive linear relationship between these two variables and oil usage. Our final multiple regression equation model looked like the following,

Y = bo + b1(X1) + b2(X2)
OilUsage = - 736.3831 + 1.9619 * DegreeDays + 346.5829 * HomeIndex

	Our equation was derived from Table #9 containing the multiple linear regression analysis of degree-days and home index.

Discussion

	In Conclusion, since the independent variable, number of people was seen to be insignificant to the consumption equation model only two variables remain; the home index controlling 44% of the variation in oil usage and degree-days controlling 29%. These variables comprised create our final practical consumption model for Acme Oil,

OilUsage = - 736.3831 + 1.9619 * DegreeDays + 346.5829 * HomeIndex

	Accounting for the explanation of 78.255% (Table #9) of the variation in oil usage. Our consumption model provides an accurate way to estimate Acme Oils customers oil usage better. This allowed us to recommend a proper oil supply to our customers, which in turn benefits Acme Oil. Therefore, we suggest that the amount of oil Acme Oil should provide is an average of 873 liters per household in order to avoid implementing the promised promotion.



Appendices: Tables & Figures
	Variable #1 (OilUsage)

	Count
	40
	Skewness
	1.00154

	Mean
	872.2
	Skewness Standard Error
	0.36432

	Mean LCL
	601.09866
	Kurtosis
	3.23238

	Mean UCL
	1,143.30134
	Kurtosis Standard Error
	0.67721

	Variance
	499,572.47179
	Alternative Skewness (Fisher's)
	1.04099

	Standard Deviation
	706.80441
	Alternative Kurtosis (Fisher's)
	0.43071

	Mean Standard Error
	111.75559
	Coefficient of Variation
	0.81037

	Minimum
	28.
	Mean Deviation
	565.85

	Maximum
	2,716.
	Second Moment
	487,083.16

	Range
	2,688.
	Third Moment
	340,466,060.496

	Sum
	34,888.
	Fourth Moment
	7.66883E+11

	Sum Standard Error
	4,470.22358
	Median
	682.

	Total Sum Squares
	49,912,640.
	Median Error
	22.1462

	Adjusted Sum Squares
	19,483,326.4
	Percentile 25% (Q1)
	340.

	Geometric Mean
	574.25994
	Percentile 75% (Q2)
	1,276.

	Harmonic Mean
	275.0988
	IQR
	936.

	Mode
	#N/A
	MAD
	450.


Table #1 – Descriptive Statistics of OilUsage
	Variable #2 (DegreeDays)

	Count
	40
	Skewness
	0.3057

	Mean
	334.09722
	Skewness Standard Error
	0.36432

	Mean LCL
	252.82898
	Kurtosis
	2.09561

	Mean UCL
	415.36547
	Kurtosis Standard Error
	0.67721

	Variance
	44,892.82506
	Alternative Skewness (Fisher's)
	0.31774

	Standard Deviation
	211.87927
	Alternative Kurtosis (Fisher's)
	-0.86211

	Mean Standard Error
	33.50105
	Coefficient of Variation
	0.63418

	Minimum
	12.22222
	Mean Deviation
	180.56944

	Maximum
	795.55556
	Second Moment
	43,770.50444

	Range
	783.33333
	Third Moment
	2,799,377.4406

	Sum
	13,363.88889
	Fourth Moment
	4,014,884,257.68636

	Sum Standard Error
	1,340.04216
	Median
	335.27778

	Total Sum Squares
	6,215,658.33333
	Median Error
	6.63878

	Adjusted Sum Squares
	1,750,820.17747
	Percentile 25% (Q1)
	163.33333

	Geometric Mean
	246.25006
	Percentile 75% (Q2)
	492.77778

	Harmonic Mean
	134.35837
	IQR
	329.44444

	Mode
	#N/A
	MAD
	166.38889


Table #2 – Descriptive Statistics of DegreeDays
Linear Regression – Degree Days
	Regression Statistics
	 

	R
	0.54266

	R Square
	0.29448

	Adjusted R Square
	0.27592

	Standard Error
	601.44137

	Total Number Of Cases
	40


OilUsage = 267.3966 + 1.8103 * DegreeDays
	 
	Coefficients

	Intercept
	267.39658

	DegreeDays
	1.81026


Table #3 – Simple Linear Regression of DegreeDays
	Variable #3 (HomeIndex)

	Count
	40
	Skewness
	0.28775

	Mean
	2.75
	Skewness Standard Error
	0.36432

	Mean LCL
	2.20237
	Kurtosis
	1.82449

	Mean UCL
	3.29763
	Kurtosis Standard Error
	0.67721

	Variance
	2.03846
	Alternative Skewness (Fisher's)
	0.29908

	Standard Deviation
	1.42775
	Alternative Kurtosis (Fisher's)
	-1.17044

	Mean Standard Error
	0.22575
	Coefficient of Variation
	0.51918

	Minimum
	1.
	Mean Deviation
	1.2125

	Maximum
	5.
	Second Moment
	1.9875

	Range
	4.
	Third Moment
	0.80625

	Sum
	110.
	Fourth Moment
	7.20703

	Sum Standard Error
	9.02986
	Median
	3.

	Total Sum Squares
	382.
	Median Error
	0.04474

	Adjusted Sum Squares
	79.5
	Percentile 25% (Q1)
	2.

	Geometric Mean
	2.35864
	Percentile 75% (Q2)
	4.

	Harmonic Mean
	1.98511
	IQR
	2.

	Mode
	1.
	MAD
	1.


Table #4 – Descriptive Statistics of HomeIndex
Linear Regression – Home Index
	Regression Statistics
	 

	R
	0.6619

	R Square
	0.43811

	Adjusted R Square
	0.42333

	Standard Error
	536.7408

	Total Number Of Cases
	40


OilUsage =- 28.9006 + 327.6730 * HomeIndex
	 
	Coefficients

	Intercept
	-28.90063

	HomeIndex
	327.67296


Table #5 – Simple Linear Regression of HomeIndex
	Variable #4 (NumberPeople)

	Count
	40
	Skewness
	0.15914

	Mean
	4.35
	Skewness Standard Error
	0.36432

	Mean LCL
	3.84689
	Kurtosis
	3.00923

	Mean UCL
	4.85311
	Kurtosis Standard Error
	0.67721

	Variance
	1.72051
	Alternative Skewness (Fisher's)
	0.1654

	Standard Deviation
	1.31168
	Alternative Kurtosis (Fisher's)
	0.17692

	Mean Standard Error
	0.2074
	Coefficient of Variation
	0.30154

	Minimum
	1.
	Mean Deviation
	1.0525

	Maximum
	7.
	Second Moment
	1.6775

	Range
	6.
	Third Moment
	0.34575

	Sum
	174.
	Fourth Moment
	8.46798

	Sum Standard Error
	8.29581
	Median
	4.

	Total Sum Squares
	824.
	Median Error
	0.0411

	Adjusted Sum Squares
	67.1
	Percentile 25% (Q1)
	3.

	Geometric Mean
	4.12894
	Percentile 75% (Q2)
	5.

	Harmonic Mean
	3.83562
	IQR
	2.

	Mode
	4.
	MAD
	1.


Table #6 – Descriptive Statistics of NumberPeople
Linear Regression – Number of People
	Regression Statistics
	 

	R
	0.08626

	R Square
	0.00744

	Adjusted R Square
	-0.01868

	Standard Error
	713.37532

	Total Number Of Cases
	40


OilUsage = 1074.3875 - 46.4799 * NumberPeople
	 
	Coefficients

	Intercept
	1,074.38748

	NumberPeople
	-46.47988


Table #7 – Simple Linear Regression of NumberPeople
Multiple Linear Regression – Degree Days, Home Index, and Number of People
	Regression Statistics
	 

	R
	0.88546

	R Square
	0.78405

	Adjusted R Square
	0.76605

	Standard Error
	341.87

	Total Number Of Cases
	40


OilUsage =- 838.0293 + 1.9806 * DegreeDays + 347.9550 * HomeIndex + 21.0690 * NumberPeople
	 
	Coefficients

	Intercept
	-838.02933

	DegreeDays
	1.98057

	HomeIndex
	347.955

	NumberPeople
	21.06896

	H0 (2%) rejected?

	Yes

	Yes

	Yes

	No


Table #8 – Multiple Linear Regressions of DegreeDays, HomeIndex & NumberPeople
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Oil Usage Vs. Number of People
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