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The length of a species of fish
Executive Summary

The purpose of this study is to determine the factor that mainly affects and predicts the length of a species fish. This study uses regression analysis. Two selected explanatory variable is age of the fish and the water temperature. Based on the analysis, both of variables have affected and predicted the length of species fish. The R-square indicates that 80.56% of variation in length of fish can be explained by variation in the age and Water temperature.
The projection model is 

The length of fish = 3904.3 +26.2 * Age of fish - 106.4 * Water Temperature
Data

The Data Source can be found from the website  

http://people.sc.fsu.edu/~jburkardt/datasets/regression/x06.txt

The length of a species of fish is to be represented as a function of the age and water temperature.  The fish are kept in tanks at 25, 27, 29 and 31 degrees Celsius.  After birth, a test specimen is chosen at random every 14 days and its length measured. The number of observation is 44 data. 

The response variable (Y) is the length of the fish.
The explanatory variable has 2 variables.

X1 is the age of the fish


X2 is the water temperature in degrees Celsius

The data can be found in “input data” spread sheet. I believe the data is reasonable and appropriate for my analysis.
Model and methodology

The regression analysis has been used for this study. The multiple regression analysis equation is 


Y= α + β₁X₁ + β₂X₂ 

where: 
 Y = length of the fish
 α = intercept

β1 = least squares coefficients of X1

β1 = least squares coefficients of X2
               X₁ = the age of the fish (days)

 X₂ = the water temperature (degrees Celsius)
Tools

The microsoft excel with data analysis tools has been used in the regression analysis
Data Analysis
Correlation 

The correlation of explanatory variable has been inspected before running regression. 

	 
	Age of fish
	Water temperature
	Length of fish

	Age of fish
	1
	
	

	Water temperature
	0
	1
	

	Length of fish
	0.8791
	-0.1811
	1


The results show that two explanatory variables, age of fish and water temperature has no correlation. In addition the age of fish has high correlation to response variable, length of fish.

Normal probability
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The points on this plot form a nearly linear pattern, which indicates that the normal distribution is a good model for this data set. 

Regression Model 1

The null hypothesis is H0: β₁ =  β₂ = 0
With the excel tools, the length of the fish has been input for Y variable and the age of the fish and the water temperature have been input for X variable. The linear regression output are shown below.
	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	      0.8976 
	
	
	
	
	

	R Square
	      0.8056 
	
	
	
	
	

	Adjusted R Square
	      0.7962 
	
	
	
	
	

	Standard Error
	  599.9975 
	
	
	
	
	

	Observations
	44
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	2
	     61,184,243 
	   30,592,121 
	       85.0 
	2.6066E-15
	

	Residual
	41
	     14,759,878 
	       359,997 
	
	
	

	Total
	43
	     75,944,121 
	 
	 
	 
	

	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	     3,904.3 
	           1,149.0 
	              3.4 
	       0.00 
	       1,583.7 
	      6,224.8 

	Age of fish
	         26.2 
	                 2.1 
	             12.8 
	       0.00 
	           22.1 
	          30.4 

	Water temperature
	-      106.4 
	               40.5 
	-             2.6 
	       0.01 
	-        188.1 
	-         24.7 


These results can be found on “Output1” spreadsheet.
The fitted regression line for predicting the length of fish is 
Y= 3904.3 +26.2 * Age of fish - 106.4 * Water temperature
The R2 is 80.56%, this indicate that 80.56% of variation in length of fish can be explained by variation in the age and Water temperature. The significant F statistic is very small. (The critical value F0.05(2,41) = 3.23 compare to the F from the calculation is 85.0). This leads to reject the null hypothesis.
The coefficient of age of fish is 26.2 and water temperature is -106.4. The p-value for two variables is close to zero. However, the p-value for Water temperature of 0.01 is a bit high. As a result, I will continue testing by remove the Water temperature from the model.
Regression Model 2

The null hypothesis is H0: β₁ =  0
With the excel tools, the length of the fish has been input for Y variable and the age of the fish and has been input for X variable. The linear regression output are shown below

	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	      0.8791 
	
	
	
	
	

	R Square
	      0.7728 
	
	
	
	
	

	Adjusted R Square
	      0.7674 
	
	
	
	
	

	Standard Error
	       640.9 
	
	
	
	
	

	Observations
	44
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	     58,692,993 
	   58,692,993 
	      142.9 
	    0.000000 
	

	Residual
	42
	     17,251,127 
	       410,741 
	
	
	

	Total
	43
	     75,944,121 
	 
	 
	 
	

	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%

	Intercept
	       924.7 
	             206.6 
	              4.5 
	       0.00 
	         507.8 
	      1,341.6 

	Age of fish
	         26.2 
	                 2.2 
	             12.0 
	       0.00 
	           21.8 
	          30.7 

	 
	 
	 
	 
	 
	 
	 


These results can be found on “Output2” spreadsheet

The fitted regression line for predicting the length of fish is 

Y= 924.7 +26.2 * Age of fish
The R2 is 77.28%, this indicate that 77.28% of variation in length of fish can be explained by variation in the age. The significant F statistic is still small. (The critical value F0.05(1,42) = 4.07 compare to the F from the calculation is 142.9). This leads to reject the null hypothesis.
The coefficient of age of fish is 26.2. The p-value is close to zero. 

Model Selection
When comparing the adjusted R square, the model 1 (79.6) gives higher adjusted R square than the model 2 (76.7). This means that the full model 1 can be explained the result better than the model 2. (This is based on adjusted R Square not R Square because R square could be varied by the number of explanatory variable). In addition, the model 1 also gives lower standard deviation than the model 2 (600 vs 640) 
As results, I determine choosing model 1 for predicting the length of fish. Although the p-value of 0.01 of Water temperature in model is a bit high but it can be acceptable under confident level 95%. The F-test is 85 which give the significant F-statistic very small (<0.001)
Conclusion 
Based on the regression analysis of the length of fish on two variables which is the age of fish and the Water temperature, I propose to use both two variables to predict the length of fish. The model regression is 

The length of fish = 3904.3 +26.2 * Age of fish -106.4 * Water Temperature
The R-square statistic is 80.56%. This is quite high and indicates that 80.56% of variation in length of fish can be explained by variation in the age and Water temperature.
