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Introduction
Using statistics to predict outcomes is an essential tool to an engineer, quite often these predictions are founded upon a relationship with more than one variable. The analysis of this data when there are two variables is called bivariate statistics, implementing the least-squares regression method associated with this form of statistics we can then use one piece of data to infer another. As a Metallurgic Engineer, we’ve been tasked to analyse the strength of steel in relation to its carbon content. In doing so 3 different models will be made to represent the relationship between our x and y values, the carbon content and strength in this case. The 3 models will be that of a linear relationship, a 3rd degree polynomial and a 6th degree polynomial. 
Materials and Methods
For all equations, the coefficient of determination will be compared and the closest to 1 will best represent the data. 
Calculations will be done using excel.
Results
The coefficient of determination whose value was closest to 1 was that of the 6th order polynomial as seen in Table 3. It’s for this reason that this equation was chosen to be the best representation of the data, in relation to the linear and 3rd order models. This new equation was then used to determine the new values of strength in different concentrations of carbon, not previously known. 

Discussion
This fact that the coefficient of regression for the sixth order polynomial is larger than that of the linear model, shows that the relationship between the two variables are not linear as previously expected. 
Conclusions
An equation of the sixth degree is the best representation of the data, this verifies that a linear relationship model isn’t ideal as previously anticipated. A model has now been made that can accurately predict the strength of steel in relation to its carbon content. 




APPENDIces- Figures and Tables

Table 1 - Carbon Content and Measured Yield Strengths of Selected Plain Carbon Steels
	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
525
483
585
594



Table 2 - Linear Model Calculations
	Steel Type
	Carbon Content (weight %)
	Strength (MPa)
	

	

	

	


	

	
Predicted Strengths 
	

	



	1015
	0.15
	315
	-0.31
	9.5E-02
	-124
	15348
	123.6
	283
	24156
	994

	1020
	0.2
	330
	-0.26
	6.6E-02
	-109
	11857
	108.6
	309
	16945
	453

	1022
	0.22
	358
	-0.24
	5.7E-02
	-81
	6543
	80.7
	319
	14418
	1535

	1030
	0.3
	345
	-0.16
	2.5E-02
	-94
	8815
	93.7
	359
	6348
	202

	1040
	0.4
	415
	-0.06
	3.3E-03
	-24
	571
	23.8
	410
	851
	28

	1050
	0.5
	525
	0.04
	1.8E-03
	86
	7415
	-86.1
	460
	455
	4198

	1060
	0.6
	483
	0.14
	2.0E-02
	44
	1946
	-44.0
	511
	5158
	768

	1080
	0.8
	585
	0.34
	1.2E-01
	146
	21348
	-145.8
	612
	29866
	713

	1095
	0.95
	594
	0.49
	2.4E-01
	155
	24059
	-154.6
	687
	61785
	8734



	Number of data
	9
	Slope
	379.19

	
 
	6.3E-01

	Intercept
	265.3

	

	97903
	Correlation Coefficient
	0.96

	

	316.8
	Coefficient of Determination
	0.92

	
 
	0.46


	
 
	438.9


	
 
	0.28

	
 
	110.6

	TSS
	97903

	SSR
	90934

	SSE
	8428



[bookmark: _Ref530415075][bookmark: _Ref530414998]Table 3 - Summary calculation table
	Carbon Content
(%)
	Measured Strength
(MPa)
	Predicted Strength
(Linear)
	Predicted Strength
(Polynomial Degree=3)
	Predicted Strength
(Polynomial Degree=6)

	0.15
	315
	322.2
	314.2
	311.4

	0.2
	330
	341.1
	332.4
	348.6

	0.22
	358
	348.7
	340.4
	344.1

	0.3
	345
	379.1
	375.2
	337.6

	0.4
	415
	417.0
	422.9
	428.8

	0.5
	525
	454.9
	471.7
	513.4

	0.6
	483
	492.8
	517.3
	487.5

	0.8
	585
	568.7
	582.7
	584.5

	0.95
	594
	625.5
	593.2
	594.1

	 value for the regression
	0.9214
	0.9457
	0.99025

	Interpolation: 0.33
	-
	390.4
	389.2
	355.3

	Extrapolation: 1.00
	-
	644.5
	586.6
	-135.3






Table 4 
	
Figure 1 – Linear Regression

Figure 2 – 3Rd degree polynomial
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Figure 3 – 6th degree polynomail

[image: ]
Figure 4 – summary output
Linear Regression
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3rd Degree Regression
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6th Degree Regression
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SUMMARY OUTPUT

Regression Statistics

Multiple R 0.959881
Rsquare 0921372
AdjustedRsquare  0.910139
Standard Error 33.16175
Observations B
ANOVA
df S5 s F Significance F
Regression 1 50204.98 90204.98 82.02679 4.09481€-05
Residual 7 7697.91 1099.701
Total 8 97902.89

Coefficientandard Err_tstat __P-value

Lower95% __ Upper 95% Lower 95.0% Upper95.0%

Intercept 2653035 22.12535 11.99093 6.39E-06
XVariable 1 379.1913 41.86784 9.056864 4.09E-05

2129854028 317.62166 212.985403 317.6216604
280.1896145 478.193015 _280.189614 478.1930145





