
Project 5 
 

Evaluate the relationship between in-vivo energy digestibility coefficient of 10 different milling by-

products and a new in-vitro method. 

This will be used to predict the energy digestibility coefficients   

Regression models describe the relationship between variables by fitting a line to the observed data. 

Energy digestibility coefficient (%) 

By-product 1 2 3 4 5 6 7 8 9 10 
in-vivo 73 62 82 74 85 56 52 51 66 58 

in-vitro 75 63 88 82 90 58 57 58 73 67 

 

 

1. Define a model appropriate for a simple linear regression analysis. 
Simple linear regression is a regression model that estimates the relationship between one 

independent variable and one dependent variable using a straight line.  

A linear regression line will be fitted using the following linear regression model: 

yi = α + βi + ei 

Where: 

• yi   = an observed value of the dependent variable corresponding to a given value of the x 

variable. 

• α  = the expected value of the dependent variable when the x-variable is zero. 

• β = the expected change in the dependent variable given a unit change in the x-variable 

• ei  = a random (residual) error unique to yi such that E(ei) = 0 

 

 

 

 

 

 

 

 

 

 

 



 

2. Calculate the regression coefficient of Y (in-vivo) and x (in-vitro) 
In linear regression, coefficients are the values that multiply the predictor values. 

• A positive sign indicates that as the predictor variable increases, the response variable also 

increases. 

• A negative sign indicates that as the predictor variable increases, the response variable 

decreases. 

• Coefficients describe the mathematical relationship between each independent variable and 

the dependent variable.  

 

Regression coefficients are estimates of the unknown population parameters and describe the 

relationship between a predictor variable and the response. The coefficient value represents the 

mean change in the response given a one unit change in the predictor. 

A regression coefficient is the same thing as the slope (β) of the line of the regression equation. 

 

 

Calculating β (equation 8.14) 

 

 

β (slope) = 0.95 

This indicates that there is a high correlation between these two variables and that 95% of the 

variation in each variable is explained by variation in the other variable. 

 

 

Energy digestibility coefficient (%) 

By-product 1 2 3 4 5 6 7 8 9 10 Sum 

in-vitro (X) 75 63 88 82 90 58 57 58 73 67 711 

in-vitro2 5625 3969 7744 6724 8100 3364 3249 3364 5329 4489 51957 

in-vivo (Y) 73 62 82 74 85 56 52 51 66 58 659 

in-vivo2 5329 3844 6724 5476 7225 3136 2704 2601 4356 3364 44759 

cross 
products 5475 3906 7216 6068 7650 3248 2964 2958 4818 3886 48189 



 

3. Determine the prediction equation 
The linear regression analysis helps us to predict the value of Y for a given value of X. The prediction 

equation for a linear regression is: 

yi = 𝑎 + βxi + 𝑒i 

• α is the intercept (expected value of in-vivo when in-vitro sample is 0) 

• β is the slope of the line (0.95) (expected change in in-vivo) 

• e is the error term (a random residual error unique to yi (in-vivo)) 

This equation can be used to predict the energy digestibility coefficient of in-vivo by-product from a 

in-vitro sample due to their linear regression relationship. 

 

Calculating α (equation 8.14) 

 

α = 659/10 – 0.95*711/10 = -1.605 

α (intercept) = -1.605 

 

Calculating e (equation 8.14) 

The error (e) of the linear regression describes the difference between the predicted linear 

regression and actual observations. 

By-product in-vitro (X) x-x2 in-vivo (Y) y-ŷ2 

1 75 15.21 73 50.41 
2 63 65.61 62 15.21 

3 88 285.61 82 259.21 

4 82 118.81 74 65.61 
5 90 357.21 85 364.81 

6 58 171.61 56 98.01 

7 57 198.81 52 193.21 

8 58 171.61 51 222.01 
9 73 3.61 66 0.01 

10 67 16.81 58 62.41 

Average 71.1 140.49 65.9 133.09 

Sum 711 1404.9 659 1330.9 

 

 

 

 

 



 

 

 

Variance of x and y can be calculated with (8.40) 

 

= (1330.9 – 0.952 x 1404.9) / 8 

= 7.87 

 

= SQRT 7.87 = 2.8 

 

 

Standard error of β calculated with (8.44) 

 

 

= 2.8 / SQRT 1404.9 

Sβ = 0.076 

 

 

 

 

 

 

 

 

 

 



 

4. Test the null hypothesis: HO: B1=0 against the alternative hypothesis HA: B1 ≠0 
 

Test the null hypothesis, P-values for the coefficients indicate whether these relationships are 

statistically significant. They determine whether the relationship you observe in the sample also 

exist in the larger population. P-values test the null hypothesis that the independent variable has no 

correlation with the dependent variable. 

When the calculated P-value is less than the significance level (0.05) this suggests a non-zero 

correlation in the population. This provides enough data (from the sample) to reject the null 

hypothesis that Ho: B1 = 0 and accept the alternative hypothesis HA: B1 ≠ 0 

 

Test statistic:  

The general form of the t statistic is: 

t = difference / estimated std error of difference 

In the case of the null hypothesis of Ho: β = 0, the test statistic is: 

t = β / Sβ  

t = 0.95 / 0.076 = 12.5 

 

Using the significance level 0f 5% with 8 DF (n-2) the t-table gives 2.306 

Since 12.5>2.306 then the null hypothesis is rejected, as β≠0  

Therefore, the dependent variable (in-vitro) does have a relationship with the independent variable 

(in-vivo) 

 

 

 

 

 

 

 

 

 

 

 



 

 

5. Calculate and interpret the 95% confidence interval for B1 
 

The general parameter for a confidence interval for β is: (equation 8.46) 

 

Accordingly, the 95% confidence interval for β is 

CI = (0.076) X 12.5 X 8 = 7.6 

95 % CI = 0.95 +/- 7.6 

 

 

6. A milling by-product was submitted to the in-vitro method and the result was 75%. 

What is the predicted in-vivo energy digestibility coefficient for this milling by-product 
The equation: 

yi = α + βxi + ei (equation 8.2) 

Where: 

• yi   = an observed value of the dependent variable corresponding to a given value of the x 

variable. 

• α  = the expected value of the dependent variable when the x-variable is zero  

• β = the expected change in the dependent variable given a unit change in the x-variable 

• ei  = a random (residual) error unique to yi such that E(ei) = 0 

yi = -1.605 + (0.95x75) + 0.076 

yi = 69.68 

The predicted in-vivo energy digestibility coefficient is 69.7% 

 

 

 

 

 

 

 



7. Solve this problem with SAS. Include a copy of the SAS output with your assignment 

and highlight on the SAS output where the answers to 2,3,4 can be found: 
 

 


	Project 5
	1. Define a model appropriate for a simple linear regression analysis.
	2. Calculate the regression coefficient of Y (in-vivo) and x (in-vitro)
	3. Determine the prediction equation
	4. Test the null hypothesis: HO: B1=0 against the alternative hypothesis HA: B1 ≠0
	5. Calculate and interpret the 95% confidence interval for B1
	6. A milling by-product was submitted to the in-vitro method and the result was 75%. What is the predicted in-vivo energy digestibility coefficient for this milling by-product
	7. Solve this problem with SAS. Include a copy of the SAS output with your assignment and highlight on the SAS output where the answers to 2,3,4 can be found:


