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Introduction	
[bookmark: _GoBack]As seen in the previous laboratory assignment, the use of univariate statistics can be very helpful in analyzing a sample of data. However, in real-world situations, samples of data can often have two or more variables depending on one another. In this laboratory specifically, the given sample data depicts different grades of steel, where the strength of the steel depends on the carbon content found in the material. In order to predict the strength of two different steel grades, both of which have not been sampled, it is required to interpolate and extrapolate from the data.
Materials and Methods
In order to do this, Microsoft Excel 2016 was used to analyze the provided sample data. With Excel, a regression analysis was performed. This analysis provided the correlation coefficient, the coefficient of determination, the standard error, the y-axis intercept, the slope of the regression line and the total sum of squares (SSR+SSE). Three different plots were also made with Excel, providing a linear model, a third-order polynomial model and a sixth-order polynomial model. Finally, these three models were used to predict the strength of the steel and a comparison was made with the actual empirical data. 
Results
The results obtained were three very distinct predicted strengths in both the interpolation and the extrapolation. For the linear model, the interpolated (carbon weight % = 0.33%) strength was 387.5855416 MPa and the extrapolated (carbon weight % = 1.00%) strength was 621.63699 MPa.
The third-order polynomial provided an interpolated strength of 381.7331949 and an extrapolated strength of 540.22961 and the sixth-order provided 3079.336034 and 209482.2 respectively (see below as to why it’s so high).
Discussion
It’s evident that as the carbon weight percentage of the steel alloys increases, the strength of said steel increases. As observed in the sample data, there are certain points where the strength drops momentarily but when the carbon content is further increased, the strength jumps back up once more, and this trend continues.  Thus, a linear representation is fairly accurate because in the grand scheme of things, the strength continues to increase as carbon is added. The polynomials certainly provide a better regression curve of the sample data as the curve nearly covers every point, but if bigger samples were to be viewed, it begins to fall apart due to the large concavity intervals where the values given by the curve are largely inaccurate. For example, in the sixth order polynomial plot, it’s clear that as the final sample point is reached, the curve is beginning to appear concave upward, and would continue to do so until it reached some extremum and began to rise once more. 
Conclusions
In conclusion, even though the higher order polynomials can more effectively represent given samples as seen in the polynomial plots of order 3 and 6, in an overall view of the trend that shows carbon content increases lead to strength increases, a linear representation is far more accurate. 


APPENDIces- Figures and Tables

	Steel Grade
	Carbon Content (Weight %)
	Strength (MPa)
	(xi - x̄)
	(yi-ȳ)
	(xi - x̄)(yi-ȳ)

	
	x
	y
	
	
	

	1025
	0.15
	315
	-0.3077778
	-117.22222
	36.07839506

	1020
	0.2
	330
	-0.2577778
	-102.22222
	26.35061728

	1022
	0.22
	358
	-0.2377778
	-74.222222
	17.64839506

	1030
	0.3
	345
	-0.1577778
	-87.222222
	13.7617284

	1040
	0.4
	415
	-0.0577778
	-17.222222
	0.995061728

	1050
	0.5
	501
	0.04222222
	68.7777778
	2.903950617

	1060
	0.6
	483
	0.14222222
	50.7777778
	7.221728395

	1080
	0.8
	585
	0.34222222
	152.777778
	52.28395062

	1095
	0.95
	558
	0.49222222
	125.777778
	61.91061728


	Number of data
	9
	Slope
	349.3305232

	
 
	0.627356
	Intercept
	272.3064716

	

	84073.56
	Correlation Coefficient
	0.954253367

	

	219.1544444
	Coefficient of Determination
	0.910599489

	
 
	0.457777778

	
 
	432.2222222

	
 
	0.28003472

	
 
	102.5143621

	TSS
	84073.55556

	SSR
	76557.33674

	SSE
	7516.21882






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
	324.706048
	319.5944083
	431.2978116

	0.2
	330
	342.172574
	331.758331
	719.11904

	0.22
	358
	349.1591844
	337.8972355
	888.6907029

	0.3
	345
	377.105626
	368.3611179
	2208.63294

	0.4
	415
	412.038678
	415.6307509
	6240.15456

	0.5
	501
	446.97173
	466.7275388
	14516.6375

	0.6
	483
	481.904782
	514.8117903
	29176.29216

	0.8
	585
	551.770886
	574.5839198
	88837.97984

	0.95
	558
	604.170464
	560.634906
	172437.8415

	 value for the regression
	0.91060
	0.96103
	0.9935

	Interpolation: 0.33
	-
	387.5855416
	381.7331949
	3079.336034

	Extrapolation: 1.00
	-
	621.63699
	540.22961
	209482.2


NOTE: I’m fairly certain the function that Excel provided (SEE BELOW) for the polynomial of degree 6 was wrong. The trendline appears to be correct and the coefficient of determination was very close to 1. However, when I inserted x-values manually into the function, the resulting y-values were way off from where they should be, thus explaining the inflated numbers in the “Predicted Strength (Polynomial Degree 6)” column of Table 3.




Strength versus carbon content (LINEAR) - David Hann

y = 349.33052x + 272.30647
R² = 0.91060

0.15	0.2	0.22	0.3	0.4	0.5	0.6	0.8	0.95	315	330	358	345	415	501	483	585	558	Carbon Content (Weight %)


Strength (MPa)



Strength versus carbon content (POLYNOMIAL ORDER 3) - David Hann

y = -1,139.94853x3 + 1,559.29598x2 - 197.02990x + 317.91206
R² = 0.96103

0.15	0.2	0.22	0.3	0.4	0.5	0.6	0.8	0.95	315	330	358	345	415	501	483	585	558	Carbon Content (Weight %)


Strength (MPa)



Strength versus carbon content (POLYNOMIAL ORDER 6) - David Hann

y = -334140x6 + 1E+06x5 - 1E+06x4 + 737893x3 - 226861x2 + 34248x - 1657.8
R² = 0.9935

0.15	0.2	0.22	0.3	0.4	0.5	0.6	0.8	0.95	315	330	358	345	415	501	483	585	558	Carbon Content (Weight %)


Strength (MPa)
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