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Introduction
The purpose of this lab was to use bivariate statistics to test the relationship between two coupled variables. The objective was to predict the strength of two new steels based on their carbon content. 
Materials and Methods
The carbon content vs strength table was given, with the steel grade 1095 having a measured strength of 508 MPa. The data was then copied and made into an Excel spreadsheet. Using functions within Excel, the slope, y-intercept, sums and averages were calculated. The correlation coefficient was then calculated by hand. The coefficient of determination was also calculated using the ratio of the sum of the squares from the regression and the total sum of squares. These values were compared with each other for accuracy. The same coefficients were then calculated using Excel’s CORREL() and RSQ() function. A summary output was generated for the regression in Excel and the 95% confidence limits for the determined slope and intercept were determined and reported. After tabulating the data, a scatter plot with a linear regression equation was generated. The equation was then used to predict the strength value for each value of x. This process was repeated for regression equations with third-order and sixth-order polynomials. Finally, the three equations were used to interpolate and extrapolate for values of 0.33 wt% and 1.0 wt%, respectively.
Results
The results show that the slope was determined to be 309.56 MPa/wt% and the intercept was determined to be 284.07 MPa/wt%. The correlation coefficient was determined to be 0.91008 and the coefficient of determination was determined to be 0.82824. These values were determined to be accurate after comparing them with each other and comparing them to the values calculated by Excel. The 95% confidence limits for the regression were determined to be (217.49 to 350.65) MPa/wt% for the intercept and (183.57 to 435.55) MPa/wt% for the slope. When interpolating for 0.33 wt%, the predicted strength was determined to be 386.22 MPa for the linear regression equation and 376.71 MPa for the third-order polynomial regression equation. When extrapolating for 1.0 wt%, the predicted strength was determined to be 593.63 MPa for the linear regression equation and 472.67 MPa for the third-order polynomial regression equation.
Discussion
By looking at the results from the regression equations, it can be determined that the sixth-order polynomial regression equation can be considered irrelevant since the values do not make sense after the first x value. From looking at the graphs, it is evident that the third-order polynomial trendline is much closer to the measured values. From looking at the table, the difference from each predicted value and the measured value can be calculated for both regression equations. The linear regression equation has a much bigger total difference from the third-order polynomial regression equation. Using Excel, the standard error for the linear regression equation was determined to be larger than the standard error for the third-order polynomial regression equation. Therefore, the linear equation is less accurate.
Conclusions
From analysing the data, the objective of the lab was achieved. It was determined that the third-order polynomial regression equation was the most accurate for predicting strength values. Therefore, the strength value for the interpolation of 0.33 wt% is equal to 376.71 MPa, while the strength value for the extrapolation of 1.0 wt% is equal to 472.67 MPa.
APPENDIces- Figures and Tables
Calculations:







Table 1: Linear Model Calculations
	Steel Type
	Carbon Content (weight %)
	Strength (MPa)
	

	

	

	


	

	
Predicted Strengths 
	

	



	1015
	0.15
	315
	-0.30778
	0.094727
	-110.778
	12271.72
	34.09493827
	330.504
	9077.093
	240.374

	1020
	0.2
	330
	-0.25778
	0.066449
	-95.7778
	9173.383
	24.68938272
	345.982
	6367.366
	255.4243

	1022
	0.22
	358
	-0.23778
	0.056538
	-67.7778
	4593.827
	16.11604938
	352.1732
	5417.634
	33.9516

	1030
	0.3
	345
	-0.15778
	0.024894
	-80.7778
	6525.049
	12.74493827
	376.938
	2385.324
	1020.036

	1040
	0.4
	415
	-0.05778
	0.003338
	-10.7778
	116.1605
	0.622716049
	407.894
	319.8295
	50.49524

	1050
	0.5
	493
	0.042222
	0.001783
	67.22222
	4518.827
	2.838271605
	438.85
	170.883
	2932.223

	1060
	0.6
	483
	0.142222
	0.020227
	57.22222
	3274.383
	8.138271605
	469.806
	1938.484
	174.0816

	1080
	0.8
	585
	0.342222
	0.117116
	159.2222
	25351.72
	54.48938272
	531.718
	11223.33
	2838.972

	1095
	0.95
	508
	0.492222
	0.242283
	82.22222
	6760.494
	40.47160494
	578.152
	23217.9
	4921.303







Table 1 Cont.:

	Number of data
	9
	Slope
	309.5622

	
 
	0.627356

	Intercept
	284.0671

	

	72585.56

	Correlation Coefficient
	0.91008


	

	194.2055556

	Coefficient of Determination
	0.828246


	
 
	0.457778


	
 
	425.7778


	
 
	0.280035


	
 
	95.25332


	TSS
	72585.5555555555

	SSR
	60118.6958091775

	SSE
	12466.85975
















Table 2: Summary calculation table
	Carbon Content
(%)
	Measured Strength
(MPa)
	Predicted Strength
(Linear)
	Predicted Strength
(Polynomial Degree=3)
	Predicted Strength
(Polynomial Degree=6)

	0.15
	315
	330.504
	324.13335
	384.7575404

	0.2
	330
	345.982
	330.8812
	572.483296

	0.22
	358
	352.1732
	335.5386992
	676.5606463

	0.3
	345
	376.938
	363.2838
	1496.769876

	0.4
	415
	407.894
	412.2476
	4057.797664

	0.5
	493
	438.85
	467.395
	9373.675

	0.6
	483
	469.806
	518.3484
	18907.42934

	0.8
	585
	531.718
	566.1628
	58810.13354

	0.95
	508
	578.152
	513.83095
	116291.5044

	 value for the regression
	0.8282
	0.9556
	0.9935
	

	Interpolation: 0.33
	-
	386.2248
	376.7061948
	2046.139421

	Extrapolation: 1.00
	-
	593.63
	472.67
	142036.3













Figure 1: Summary Output
	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.910080214
	
	
	
	
	
	
	

	R Square
	0.828245997
	
	
	
	
	
	
	

	Adjusted R Square
	0.803709711
	
	
	
	
	
	
	

	Standard Error
	42.20165831
	
	
	
	
	
	
	

	Observations
	9
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	1
	60118.69581
	60118.69581
	33.75596415
	0.00065681
	
	
	

	Residual
	7
	12466.85975
	1780.979964
	
	
	
	
	

	Total
	8
	72585.55556
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	
	
	
	
	
	Upper 95.0%

	Intercept
	284.0670894
	28.15672851
	
	
	
	
	
	350.6471724

	X Variable 1
	309.5621834
	53.28103379
	
	
	
	
	
	435.5518081

	
	
	
	
	
	
	
	
	

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

	10.08878177
	2.01826E-05
	217.4870063
	350.6471724
	217.4870063

	5.809988309
	0.00065681
	183.5725588
	435.5518081
	183.5725588














Figure 2: Scatter Plots of Linear, Third-Order Polynomial and Sixth-Order Trendlines



Scatter Plot of Strength (MPa) vs Carbon Content (weight %) - Thomas Graham 101060008
(linear trendline)
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Scatter Plot of Strength (MPa) vs Carbon Content (weight %) - Thomas Graham 101060008
(third-order polynomial trendline)
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Scatter Plot of Strength (MPa) vs Carbon Content (weight %) - Thomas Graham 101060008
(sixth-order polynomial trendline)
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