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Introduction:
This student project has been carried out to investigate which characteristics are the best predictors of pulse rate.  Eight different characteristics were studied in order to determine their relationship and ascertain which of these has the most significant impact on pulse rate.  Excel’s Regression Add-In was employed to summarize the regression analysis, which was carried out at a 95% confidence level.
Data:
The data used in conducting this regression analysis was originally taken from the website http://www.statsci.org/data/oz/ms212.html which was provided by Dr Richard J. Wilson, Department of Mathematics, University of Queensland. The data can also be seen in the Data tab of the attached Microsoft Excel spreadsheet.

Variables:
The variables used in the study are as under:

	Variable
	Description

	X1: Height 
	Height (cm)

	X2: Weight 
	Weight (kg)

	X3: Age 
	Age (years)

	X4: Gender 
	Sex (1 = male, 2 = female)

	X5: Smoking 
	Regular smoker? (1 = yes, 2 = no)

	X6: Alcohol 
	Regular drinker? (1 = yes, 2 = no)

	X7: Exercise 
	Frequency of exercise (1 = high, 2 = moderate, 3 = low)

	X8: Running 
	Whether the student ran or sat before the pulse measurement (1 = ran, 2 = sat)

	Y: Pulse Rate 
	Pulse measurement (rate per minute)


Regression Equation:

               Y = A + B1*X1 + B2*X2 + B3*X3 + B4*X4 + B5*X5 + B6*X6 + B7*X7 + B8*X8

Hypothesis:
               All coefficients Bi (i = 1…8) are zero
Regression Analysis:

Model # 1: All Explanatory Variables

The regression equation for this model is: 

Y = A + B1*X1 + B2*X2 + B3*X3 + B4*X4 + B5*X5 + B6*X6 + B7*X7 + B8*X8

A summary of the Regression Analysis conducted using regression tool in Microsoft Excel is presented below:

	Regression Statistics

	Multiple R
	0.82710571

	R Square
	0.684103855

	Adjusted R Square
	0.658832163

	Standard Error
	18.438682

	Observations
	109


	
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	200.7941531
	30.16229374
	6.657124781
	1.52114E-09

	X1: Height
	-0.085333021
	0.138329594
	-0.616881888
	0.538714605

	X2: Weight
	-0.043878929
	0.166986951
	-0.262768609
	0.793269535

	X3: Age
	-0.626819895
	0.476414359
	-1.315703195
	0.191282104

	X4: Gender
	-1.412760333
	4.520760633
	-0.312505007
	0.755307496

	X5: Smoking
	0.639177613
	6.118788111
	0.104461472
	0.917012373

	X6: Alcohol
	0.001340652
	4.047702967
	0.000331213
	0.99973639

	X7: Exercise
	4.197557656
	2.925193135
	1.434967697
	0.154416533

	X8: Running
	-51.95674422
	3.649969319
	-14.2348441
	8.71417E-26


· By replacing the intercept and slope coefficients in our original regression model, the model can be written as:

Y = 200.7942 - 0.0853X1 – 0.0439X2 – 0.6268X3 - 1.4128X4 + 0.6392X5 + 0.0013X6 + 4.1976X7 – 51.9567X8 + ε

· The Adjusted R Square is 0.6588 indicating that the listed characteristics are fine predictors of pulse rate. As evidenced by its high t-statistic, Exercise (variable X7) turns out to be the strongest predictor of pulse rate.
· P-values show that some of the variables are not statistically significant.  Out of these, Alcohol (Variable X6) shows the highest p-value of 0.9997. Hence, in order to make the model more precise, we will proceed by carrying out the regression analysis after reducing this variable as it contains the highest p-value. 
Model # 2: Regression Model with 7 Variables

· As presented above, the variable with the highest p-value in the 8-variable model is X6, i.e. alcohol showing a p-value of 0.9997.  We will delete this variable from our data and conduct a regression analysis on the resulting 7-variable model.

· The 7-variable model is:
Y = A + B1*X1 + B2*X2 + B3*X3 + B4*X4 + B5*X5 + B7*X7 + B8*X8 + ε

· Below is a summary output of the Regression Analysis conducted in Microsoft Excel:

	Regression Statistics

	Multiple R
	0.827105709

	R Square
	0.684103855

	Adjusted R Square
	0.662210062

	Standard Error
	18.34717434

	Observations
	109


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	200.7953914
	29.78115327
	6.742364528
	9.84756E-10

	X1: Height
	-0.085340435
	0.135829014
	-0.628293121
	0.531230139

	X2: Weight
	-0.04388206
	0.165891743
	-0.264522268
	0.791916554

	X3: Age
	-0.626784633
	0.462062124
	-1.35649429
	0.177966421

	X4: Gender
	-1.412773379
	4.498154214
	-0.314078467
	0.754109253

	X5: Smoking
	0.63956862
	5.974029342
	0.107058165
	0.914955204

	X7: Exercise
	4.197768325
	2.841034219
	1.477549372
	0.142640015

	X8: Running
	-51.95662755
	3.614902867
	-14.37289727
	3.62605E-26


· By replacing the intercept and slope coefficients in our 7-variable regression model , the model can be written as:

Y = 200.7954 - 0.0853X1 – 0.0439X2 – 0.6268X3 - 1.4128X4 + 0.6392X5 + 4.1978X7 – 51.9566X8 + ε

· We have eliminated one variable and the R-squared coefficient remains at 68.4%.  This implies that the 7-variable model is more economical than the 8-variable model.  This may also be seen by the fact that the adjusted R2 coefficient has increased from 65.9% to 66.2%.
· Once again, the Exercise shows the highest t-statistic illustrating the strong effect of variable X7 on the response variable.

Model # 3: Regression Model with 6 Variables

· As the variable with the highest p-value in the 7-variable regression analysis is X5 containing a p-value of 0.91455.  We will delete this variable from our data, and conduct a regression analysis on the resulting 6-variable model.

· The 6-variable model is:

· Y = A + B1*X1 + B2*X2 + B3*X3 + B4*X4 + B7*X7 + B8*X8 + ε

· Below is a summary output of the Regression Analysis conducted in Microsoft Excel:

	Regression Statistics

	Multiple R
	0.827084039

	R Square
	0.684068007

	Adjusted R Square
	0.665483772

	Standard Error
	18.25805156

	Observations
	109


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	202.0964119
	27.05679904
	7.46933928
	2.82758E-11

	X1: Height
	-0.085409584
	0.135167686
	-0.631878718
	0.528879836

	X2: Weight
	-0.043703986
	0.165077613
	-0.264748112
	0.791737763

	X3: Age
	-0.62815788
	0.459640409
	-1.366628928
	0.174746551

	X4: Gender
	-1.35451403
	4.443425709
	-0.30483553
	0.761112545

	X7: Exercise
	4.15586982
	2.800280418
	1.484090591
	0.140868583

	X8: Running
	-51.98861691
	3.585032759
	-14.50157374
	1.57104E-26


· By replacing the intercept and slope coefficients in our 6-variable regression model , the model can be written as:

Y = 202.0964 - 0.0854X1 – 0.0437X2 – 0.6282X3 - 1.3545X4 + 4.1559X7 – 51.9886X8 + ε

· Again, we have eradicated a variable without causing any significant reduction in our R-squared coefficient.  This implies that the 6-variable model is superior to the 7-variable model.  The adjusted R2 has also increased by around 0.33%.
Model # 4: Regression Model with 5 Variables
· The above results show that the variable with the highest p-value in the 6-variable regression analysis is X2 containing a p-value of 0.79174.  We will delete this variable from our data, and conduct a regression analysis on the resulting 5-variable model.

· The 5-variable model is:

· Y = A + B1*X1 + B3*X3 + B4*X4 + B7*X7 + B8*X8 + ε

· Below is a summary output of the Regression Analysis conducted in Microsoft Excel:

	Regression Statistics

	Multiple R
	0.826952784

	R Square
	0.683850907

	Adjusted R Square
	0.668503864

	Standard Error
	18.17544568

	Observations
	109


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	201.2198798
	26.73197587
	7.527310391
	2.03546E-11

	X1: Height
	-0.101640782
	0.119919177
	-0.84757738
	0.398638609

	X3: Age
	-0.645341579
	0.452975917
	-1.424670837
	0.157275306

	X4: Gender
	-0.803492426
	3.908075738
	-0.205597967
	0.837510767

	X7: Exercise
	4.229491212
	2.77383201
	1.524782754
	0.130378002

	X8: Running
	-51.8946448
	3.551277716
	-14.61295031
	7.36432E-27


· By replacing the intercept and slope coefficients in our 5-variable regression model , the model can be written as:

Y = 201.2199 - 0.1016X1– 0.6453X3 - 0.8035X4 + 4.2295X7 – 51.8947X8 + ε

· Once again, the variable has been eliminated without causing any significant decrease in our R-squared coefficient.  This indicates that the 5-variable model is finer to the 6-variable model.  Further, the adjusted R2 has also increased by about 0.30%.

Model # 5: Regression Model with 4 Variables
· As shown above, the variable with the highest p-value in the 5-variable regression analysis is X4 containing a p-value of 0.83751.  We will remove this variable from our data, and conduct a regression analysis on the resulting 4-variable model.

· The 4-variable model is:

Y = A + B1*X1 + B3*X3 + B7*X7 + B8*X8 + ε

· Below is a summary output of the Regression Analysis conducted in Microsoft Excel:

	Regression Statistics

	Multiple R
	0.826874332

	R Square
	0.683721162

	Adjusted R Square
	0.671556591

	Standard Error
	18.09156385

	Observations
	109


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	198.2703658
	22.45227441
	8.830747487
	2.72479E-14

	X1: Height
	-0.091975796
	0.109811973
	-0.837575304
	0.404189967

	X3: Age
	-0.632434462
	0.446534196
	-1.416318095
	0.159670623

	X7: Exercise
	4.150894599
	2.734683641
	1.517870124
	0.132081189

	X8: Running
	-51.87719787
	3.533878806
	-14.67995953
	4.25695E-27


· By substituting the intercept and slope coefficients in our 4-variable regression model , the model can be written as:

Y = 198.2704 - 0.0920X1– 0.6324X3 + 4.1509X7 – 51.8772X8 + ε

· Again the variable has been eliminated without causing any substantial decrease in our R-squared coefficient.  This indicates that the 4-variable model is better than the 5-variable model.  In addition, the adjusted R2 has also improved by about 0.31%.

Model # 6: Regression Model with 3 Variables
· As presented above, the variable with the highest p-value in the 4-variable regression analysis is X1 containing a p-value of 0.40419.  We will remove this variable from our data, and conduct a regression analysis on the resulting 3-variable model.

· The 3-variable model is:

Y = A + B3*X3 + B7*X7 + B8*X8 + ε

· Below is a summary output of the Regression Analysis conducted in Microsoft Excel:

	Regression Statistics

	Multiple R
	0.825583249

	R Square
	0.681587701

	Adjusted R Square
	0.672490207

	Standard Error
	18.06583248

	Observations
	109


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	182.0510487
	11.34678712
	16.04428168
	5.2098E-30

	X3: Age
	-0.648724963
	0.445475918
	-1.456251476
	0.148306858

	X7: Exercise
	4.581127747
	2.682188449
	1.707981312
	0.090594746

	X8: Running
	-51.98938794
	3.526316807
	-14.74325501
	2.50165E-27


· By placing the intercept and slope coefficients in our 3-variable regression model , the model can be written as:

Y = 182.0510– 0.6487X3 + 4.5811X7 – 51.9894X8 + ε

· Again, the variable has been eliminated without causing any considerable decrease in our R-squared coefficient.  This indicates that the 3-variable model is superior to the 4-variable model.  Furthermore, the adjusted R2 has also improved by almost 0.09%.

Model # 7: Regression Model with 2 Variables
· As shown above, the variable with the highest p-value in the 3-variable regression analysis is X3 containing a p-value of 0.14831.  We will eliminate this variable from our data, and conduct a regression analysis on the resulting 2-variable model.

· The 2-variable model is:

Y = A + B7*X7 + B8*X8 + ε

· Below is a summary output of the Regression Analysis conducted in Microsoft Excel:

	Regression Statistics

	Multiple R
	0.821679243

	R Square
	0.675156779

	Adjusted R Square
	0.669027661

	Standard Error
	18.16108048

	Observations
	109


	 
	Coefficients
	Standard Error
	t Stat
	P-value

	Intercept
	170.2854026
	8.008985108
	21.26179539
	5.01219E-40

	X7: Exercise
	4.171474781
	2.681459263
	1.555673374
	0.122766519

	X8: Running
	-52.41531576
	3.532693877
	-14.83720854
	1.26561E-27


· By employing the intercept and slope coefficients in our 2-variable regression model , the model can be written as:

Y = 170.2854+ 4.1714X7 – 52.4154X8 + ε

· The elimination of the variable causes a sizeable decrease in our R-squared coefficient.  Further, the adjusted R2 has also decreased significantly by around 0.35% thus, showing that that the 3-variable model is better than the 2-variable model.  
Conclusion:
Based upon the results of the above-described regression analyses, we select the 3-variable model as being the “best” one:

Y = 182.0510– 0.6487X3 + 4.5811X7 – 51.9894X8 + ε

We choose this model because all the variables are statistically significant and they can be used to assist in predicting the pulse rate of a human being.
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