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NEAS VEE Fall 2009

Regression Analysis Project

Introduction:

I have had an interest in understanding mortality in animals. It is interesting to see which animals live longer, and if we it is possible to explain some correlations between physical characteristics and maximum lifespan using standard regression analysis techniques and Microsoft excel add-in tools. 

Data Variables and Sources:

I downloaded data from http://mste.illinois.edu/regression/species.html for this analysis. 

The variables examined in this analysis are:

Y = Maximum lifespan of the species (Dependent variable) 

Independent (explanatory variables): 

X1 = Average Brain Weight of the species

X2 = Average gestation time of the species

X3 = Total sleep hours during the day

Analysis:

For each case in this section, the source of the data, regression output, & correlations may be traced to the worksheet in the supporting excel document with a name beginning with the corresponding case description below. The data itself is in the worksheet named “lifespan data”. 
Case 1:

Regression on all Variables
The first step was to run a regression of the variable Y (maximum lifespan) on all the explanatory variables described above. 
	
	
	
	
	
	
	
	

	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.931106
	
	
	
	
	

	R Square
	0.8669583
	
	
	
	
	

	Adjusted R Square
	0.8447847
	
	
	
	
	

	Standard Error
	5.5772348
	
	
	
	
	

	Observations
	22
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	3
	3648.555
	1216.185
	39.09865
	4.31732E-08
	

	Residual
	18
	559.8999
	31.10555
	
	
	

	Total
	21
	4208.455
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	6.1785082
	6.022724
	1.025866
	0.318544
	-6.474764458
	18.83178

	Brain Weight
	0.0431315
	0.018414
	2.342373
	0.030856
	0.004445977
	0.081817

	Gestation Time
	0.0514251
	0.034743
	1.480174
	0.156118
	-0.021566427
	0.124417

	Total Sleep Time
	0.1395071
	0.415236
	0.33597
	0.740778
	-0.732871944
	1.011886


The formula for this unrestricted regression model would be:

Y = 6.17851+0.04313X1+0.05143X2+0.13951X3

The model has a very decent overall fit with an R-Square value of 0.86696. Even when adjusted for the number of explanatory variables, it is still 0.8448. This implies that over 84% of the variation in maximum lifespan is explained by the variables in this model. Additionally, the F-statistic provides strong corroborating evidence (it is significant at least at the 99.9% level) that one or more of the independent variables has a true coefficient different from zero.

That being said, this model has some obvious drawbacks. One of the explanatory variables, Total Sleep time) has very low t-statistics (and therefore very high P-Values). I will remove this variable (X3) from the regression for the next case.  The model also exhibits signs of multicollinearity.  Brain weight is highly correlated to gestation time and moderately correlated to total sleep hours. 
	 
	Brain weight
	Gestation Time
	Sleep hours

	Brain Weight
	1
	
	

	Gestation Time
	0.931312419
	1
	

	Total Sleep hours
	-0.607308088
	-0.714340978
	1


Case 2:

Regression Brain Weight and Gestation. 
This regression is run on two explanatory variables, brain weight and gestation time. 
	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.930657849
	
	
	
	
	

	R Square
	0.866124031
	
	
	
	
	

	Adjusted R Square
	0.852031824
	
	
	
	
	

	Standard Error
	5.445475815
	
	
	
	
	

	Observations
	22
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	2
	3645.043615
	1822.522
	61.4612
	5.05446E-09
	

	Residual
	19
	563.4109303
	29.65321
	
	
	

	Total
	21
	4208.454545
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	8.084722019
	1.972593838
	4.098523
	0.000612
	3.956035675
	12.21340836

	Brain Weight
	0.044538496
	0.017507482
	2.543969
	0.019811
	0.007894916
	0.081182076

	Gestation Time
	0.045424824
	0.029096736
	1.561166
	0.134987
	-0.015475343
	0.106324991


The formula for the updated regression model would be as follows:

Y = 8.084722 – 0.04454 X1 + 0.045425 X2 
The adjusted R-Square of the Case 2 model (0.852) has actually increased over Case 1. This already suggests that this model is an improvement over the prior. Gestation time has a p-value of 13%.  This model does, however, exhibit some signs of multicollinearity. The following chart displays the correlation between the explanatory variables. Brain weight has a very strong positive correlation with gestation time. 
	 
	Brain Weight
	Gestation Time

	Brain Weight
	1
	

	Gestation Time
	0.931312419
	1


I want to see what the model looks like if I remove gestation time and add total sleep hours back in. 

Case 3:

Regression Brain weight and Total sleep hours.

	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.922369
	
	
	
	
	

	R Square
	0.850765
	
	
	
	
	

	Adjusted R Square
	0.835056
	
	
	
	
	

	Standard Error
	5.749368
	
	
	
	
	

	Observations
	22
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	2
	3580.405
	1790.203
	54.15792
	1.42E-08
	

	Residual
	19
	628.0494
	33.05523
	
	
	

	Total
	21
	4208.455
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	11.94483
	4.73487
	2.522737
	0.020722
	2.034636
	21.85503

	Brain Weight
	0.06752
	0.008474
	7.967739
	1.78E-07
	0.049783
	0.085257

	Total Sleep
 hours
	-0.17644
	0.367165
	-0.48055
	0.636322
	-0.94493
	0.592044


The formula for the updated regression model would be as follows:

Y = 11.94483 + 0.06752 X1 - 0.17644 X3 
The adjusted R-Square of the Case 2 model (0.8356) has  decreased over both Case 1 and Case 2. The p-value of total sleep hours is very high, at almost 64%. This model is not better than either of the other models. However, the multicollinearity is much lower between the variables involved than in Case 2. 
	 
	Brain weight
	Total sleep

	Brain Weight
	1
	

	Total sleep
	-0.607308088
	1


Perhaps the model can be improved further by dropping down to just one variable, brain weight. 

Case 4:
Regression Brain Weight. 

This regression is run on the lone variable, brain weight. 

	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.921385369
	
	
	
	
	

	R Square
	0.848950998
	
	
	
	
	

	Adjusted R Square
	0.841398548
	
	
	
	
	

	Standard Error
	5.637742711
	
	
	
	
	

	Observations
	22
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	3572.771688
	3572.772
	112.407363
	1.17297E-09
	

	Residual
	20
	635.6828576
	31.78414
	
	
	

	Total
	21
	4208.454545
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	9.824625391
	1.685053008
	5.830455
	1.05273E-05
	6.30966642
	13.33958436

	Brain Weight
	0.069993201
	0.006601741
	10.60223
	1.17297E-09
	0.056222211
	0.083764191


The formula for the updated regression model would be as follows:

Y = 9.82463+ 0.07 X1

The adjusted R-Square value for Case 4 (0.8414) has dropped a small amount from the two-variable model (Case 2). The explanatory variable is significant at the 99% level. 

Model Selection 

I would recommend using either the two-variable model (brain weight and gestation time) or the one variable model (brain weight alone). Given that the two variable model shows strong mutlicollinearity, I would recommend the one variable model. The equation for the recommended model is again:

Y = 9.82463+0.07X1
Y = Maximum lifespan of the species in years
X1 = Average brain weight of the species in grams
This model predicts that a species with a high brain weight would live longer on average than a species that has a smaller brain in terms of mass. 
A drop of 100 grams of brain weight predicts a shorter lifespan by 7 years. 
