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Key Vocabulary:



· Re-expression






Calculator Skills:   
· log(
· 



Re-expressing Data
We cannot use a linear model unless the relationship between the two variables is	. If the relationship is nonlinear (which we can verify by examining the	) we can try	the data.  Then we can fit and use a simple linear model.  To re-express the data, we perform some mathematical operation on the data values such as taking the
 	 , taking the	, or taking the	.

For example, consider the relationship between the weight of cars and their fuel efficiency (miles per gallon).  What do the scatterplot and residual plots reveal?   	
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If we take the reciprocal of the y-values, we get the following scatterplot and residual plot. What do these plots reveal?   	
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There are several reasons we may want to re-express our data:
1. To make the distribution of a variable more	.
2. To make the	of several groups more alike.
3. To make the form of a scatterplot more	.
4. To make the scatter in a scatterplot more	.


Re-expressing Data Using Logarithms
An equation of the form y = a + bx is used to model	data.

The process of transforming nonlinear data into linear data is called		.  In order to linearize certain types of data we use properties of	.

PROPERTIES OF LOGARITHMS:

1. log ab 
2. 
3. log x p 
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Case 1: Consider the following set of Linear Data representing an account balance as a function of time:

	x: time (months)
	0
	48
	96
	144
	192
	240

	y: account balance ($)
	100
	580
	1060
	1540
	2020
	2500



Describe the pattern of change…
Change in x variable from one term to the next term: add ______________
Change in y variable from one term to the next term: add ______________

The relationship between x and y is	if, for equal increments of x, we	a fixed increment to y.


Case 2: Consider the following set of Nonlinear Data (exponential) representing an account balance as a function of time:

	x: time (months)
	0
	48
	96
	144
	192
	240

	y: account balance ($)
	100
	161.22
	259.93
	419.06
	675.62
	1089.30



Describe the pattern of change…
Change in x variable from one term to the next term: add ______________
Change in y variable from one term to the next term: multiple by ______________

The relationship between x and y is	if, for equal increments of x, we
 	a fixed increment  by y.  This increment is called the	.
We want to find the best fitting model to represent our data.

· For the linear data, we use least-squares regression to find the best fitting	.
· For the nonlinear data, the best fitting model would be an exponential	.
PROBLEM: We cannot use least-squares regression for the nonlinear data because least-squares regression depends upon correlation, which only measures the strength of  	 relationships.
SOLUTION: We transform the nonlinear data into linear data, and then use least-squares regression to determine the best fitting	for the transformed data.


Linearizing Exponential Functions:
(We want to write an exponential function of the form


y a bx  as a function of the form  y a bx ).




Rewrite  in linear form. (take the log of both sides and simplify using the properties
   of logs)























This is in the general form	, which is linear.

So, the graph of (var1, var2) is linear. This means the graph of x, log yis linear.

CONCLUSIONS:
1. If the graph of	is linear, then the graph of	is exponential.

2. If the graph of	is exponential, then the graph of	is linear.


Once we have linearized our data, we can use least-squares regression on the transformed data
x, log yto find the best fitting linear model.

Test for Exponential Functions:
1. View the scatterplot, does it look exponential?
2. Calculate the common ratio between successive response values – yn/yn-1.
· Can only be used if the explanatory values (x) change in equal increments.






Your Turn: 
Is the following data exponential & if so, what is the common ratio?
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Answer:______________________________________________

Your Turn: 
Is the following data exponential & if so, what is the common ratio?
[image: 001.jpg]

Answer:_______________________________________________

Exponential Regression Procedure:
1. Verify data is exponential.
· Graph ________________________ & calculate ______________________________
2. Transform data to linear by taking the ___________________ of the response variable (y).
3. Calculate the LSRL for the _____________________________; log ŷ =b0+b1x (linear model). 
4. Analyze using linear techniques, LSRL, r, r2, and residuals.
5. Make predictions using the LSRL (linear model). Calculate ŷ from the log ŷ by exponentiating to base 10 (example; log ŷ = 2.41, then ŷ = 102.41 = 2587.04).


Your Turn: Exponential Regression
Analysis the following data using the Exponential Regression Procedures.
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LSRL:_____________________________________________

PRACTICE:
Linearize the data for Case 2 and find the least-squares regression line for the transformed data.

LSRL:______________________________________________

Linearizing Power Functions:
(We want to write a power function of the form y axb as a function of the form  y a bx ).


Rewrite  in linear form. (take the log of both sides and simplify using the properties
  					     of logs)










This is in the general form	, which is linear.
So, the graph of (var1, var2) is linear. This means the graph of log x, log yis linear.






Power Function Regression Procedure:
1. Graph scatterplot.
2. Determine it is a power function, calculate common ratio (ie. not exponential – _____________________ ratio, ratio shows _________________________ or ____________________________ pattern).
3. Transform data to linear (take the log of ___________________) and graph.
4. Calculate _________________ of transformed data & graph.
5. Analyze transformed data (r, r2, residual plot).
6. Make predictions based on the transformed LRSL.

Your Turn: Power Regression
The owner of a Video Game Store records the business costs and revenue for different years with the results listed. Find the best model.
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LSRL:______________________________________________


Case 3: Consider the following set of Nonlinear Data representing the average length and weight at different ages for Atlantic Ocean rockfish:

	x: age (years)
	0
	4
	8
	12
	16
	20

	y: weight (grams)
	0
	48
	192
	432
	768
	1200




PRACTICE:
Linearize the data for Case 3 and find the least-squares regression line for the transformed data (do not use the first point (0, 0)).
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Year  Population

1830 34,730
1840 54,477
1850 87,445
1860 140,424
1870 187,748
1880 269,493
1890 391,422
1900 528,542
1910 752,619
1920 968,470

1930 1,468,211
1940 1,897,414
1950 2,771,605
1960 4,951,560
1970 6,791,418
1980 9,746,324
1990 12,937,926

Display 3.100 Population of Florida over the years
1830-1990.

Source: Florida Statistical Abstract, 1995.
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Dist Temp

(cm) °F)
1 130
2 105
3 95

4 87

5 83
6 80
7 78
8 77
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Amount invested 1 2 5 11 20 31 41 46 48
(thousands of dollars) )
Revenue (dollars) 2001 | 2639 | 3807 | 5219 | 6629 | 7899 | 8834 | 9250 | 9409
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