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Introduction	
This lab uses bivariate data to test relationships between two or more measured variables. In this condition, the function is linear in the unknown parameters, hence one of the tools used to determine the relationship between bivariate data is the least-squares regression. Regression is used to test hypotheses and to make sure that the model passes the test.  The purpose of this lab, is to find the bivariate data on strength and carbon content using simple functions. The strength of two steels in relations to its carbon content is measured using regression, one with 0.33 wt% interpolation and the other with 1.0 wt% extrapolation. While, the parameters will be determined by linear- least squares regressions.
Materials and Methods
The data given in Table 1 are examples of measured yield strengths for different steels.  The data seems to suggest that a linear relationship might be a good first guess. Hence, the task is to test this theory by calculation the correlation coefficient and estimating the quality of the fitted result with the coefficient of determination. The next step is to test a third-order polynomial and a sixth-order polynomial to see if these results represent the data better than the linear relationship. It is essential to estimate the quality of fitted results with the coefficient of determination. Last but not least, is to predict the strengths of the new steels using each of the equations. 
Results
See the attached graphs; 1-3 and tables; 1-4.
Discussion
The correlation coefficient is 0.9482 and the coefficient of determination is 0.8991. The correlation coefficient value is close to one, which means that, as the x value gets larger so does the y value. However, according to the coefficient of determination only around 89.91% of those values can be explained with a straight-line relationship. As for the, R and R2, they were solved using the excel command, their values were the same as the ones solved, using equations. Although, the calculation process in Excel is faster, the equations and variable used are the same, to solve the problem. After comparing all the graphs, the regression line that best describes the relationship between steel and its strength is the linear line. It shows that the strength increases, as the carbon content increases, and helps prove the hypothesis.  Whereas, according to the graphs, the polynomial curves show that after a few intervals of increases, the strength gradually start to go down with the increase of carbon content. This observation is obvious in the graph with polynomial 6th degree, which gives steel strength -78.10 MPa when the carbon content is 1.00%. This can never be true since the strength is negative with such a high carbon content.  Thus, the new predicted values for the 0.33 (wt%) steel is 387.50 MPa and the 1.0 (wt%) steel is 617.34 MPa. 
Conclusions
In conclusion, the main objective of this lab is to predict the strength of two new steel, and it was obtained by using the linear regression equation. The equations that were determined, using correlation and regression with the provided data are y = 343.05x + 274.29, y = -1,231.91x3 + 1,684.40x2 - 246.65x + 323.43 and y = -335,022.03x6 + 1,031,860.18x5 - 1,241,438.34x4 + 739,070.52x3 - 227,178.70x2 + 34,290.29x - 1,660.02. Among all of these equations, the linear relationship did provide the best values. Therefore, the linear graph states that more carbon content will result in more strength in steel and supports the hypothesis.

APPENDIces- Figures and Tables
[image: ]Graph 1: Linear Trend

[image: ]Graph 2: Polynomial 3rd Degree


[image: ]Graph 3: Polynomial 6th Degree


Table 1: Carbon Content and Measured Yield Strengths of Selected Plain Carbon Steels
[bookmark: _GoBack](Annealed Heat-Treated Condition)
	Steel Grade
	Carbon Content
(Weight %)
	Strength
(MPa)

	1015
1020
1022
1030
1040
1050
1060
1080
1095
	0.15
0.20
0.22
0.30
0.40
0.50
0.60
0.80
0.95
	315
330
358
345
415
501
483
585
550

	 
	
	








Table 2: Linear Model Calculations
[image: ]


Table 3: Linear Model Calculations Const.
	Number of data
	9.00
	Slope
	343.05

	
 
	0.6274

	Intercept
	274.29

	

	82118.00

	Correlation Coefficient
	0.9482


	

	215.22

	Coefficient of Determination
	0.8991


	
 
	0.4578

	
 
	431.33

	
 
	0.2800

	
 
	101.315

	TSS
	82116.39

	SSR
	73829.27

	SSE
	8287.12








Table 4: Summary calculation table
	Carbon Content
(%)
	Measured Strength
(MPa)
	Predicted Strength
(Linear)
	Predicted Strength
(Polynomial Degree=3)
	Predicted Strength
(Polynomial Degree=6)

	0.15
	315
	325.75
	320.17
	   312.4284

	0.2
	330
	342.90
	331.62
	345.91


	0.22
	358
	349.76
	337.57
	343.67


	0.3
	345
	377.21
	367.77
	343.43


	0.4
	415
	411.51
	415.43
	421.19


	0.5
	501
	445.82
	467.22
	495.28


	0.6
	483
	480.12
	515.73
	485.31


	0.8
	585
	548.73
	573.39
	584.74


	0.95
	550
	600.19
	553.08
	550.04


	 value for the regression
	0.90
	0.96
	0.99

	Interpolation: 0.33
	-
	387.50

	381.20

	359.07

	Extrapolation: 1.00
	-
	617.34

	529.27

	-78.10
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