Chapter 10:  Relationships and Graphing
The review material in Chapter 10 about graphing and straight lines is on pages 152-158.  

The new material in Chapter 10 is not really about doing mathematical calculations.  It’s about ideas.  The following outline may help you keep these straight.

When we have a relationship between two variables, such as that on p. 159, Table 10.1, there are several things to think about.  

1. What is the output variable?  (Graphed on the vertical axis.  It’s often convenient to call this Y.)  (Sometimes called the “dependent variable.”)
2. What is the input variable?  (Graphed on the horizontal axis. It’s often convenient to call this X.) (Sometimes called the “independent variable.”)
3. What are the restrictions on the values of the input variable that we’re interested in?

4. Is the relationship linear (or approximately linear)?

5. If it is linear, find the equation of the line using Excel.    It will be of the form 
Y = mX + b, where m and b are numbers, and Y and X remain variables.  
6. From the equation for the line, identify the slope (called m above) and intercept (called b above) and describe the meaning of each, algebraically.    
Intercept:  If the value of X is zero, then the intercept is the value of Y.
Slope:  If the value of X increases by 1, then the slope tells us how much the value of Y increases by.
Important note:  If the relationship really is linear, then the slope is the same all along, for all values of X and Y.   This is really the defining characteristic of a linear relationship.
7. When we have data that is approximately linear, but not exactly linear, we can’t find the slope and intercept in the same way we did in algebra class, which is described on p. 152-158.  (That’s review material for this course.)  We can make a graph, and just by looking at it, estimate the slope and intercept.  That’s what they do on p. 159-161.  We will do that sometimes.
When we are wanting something more precise, we will use a computer spreadsheet to find the “best-fit line.”  That’s called linear regression.   
Then we use the equation for the line to make predictions of Y from X and we interpret the slope and intercept just as we did before, when the relationships were perfect straight lines.

8. Many interesting relationships between variables are not linear over an infinite interval of X values.  In fact, they may not be linear at all.   On pages 162-165 is some very important material about using graphs and mathematical ideas to give us insight into the underlying reality which produced our data.   Read these pages very carefully.
Interpreting the slope and intercept

Students frequently have difficulty interpreting the slope and intercept in terms of the variables and units in the problem.    Following are additional examples of interpretations and comments.

Example 5.  When cigarettes are burned, one by-product in the smoke is carbon monoxide.   Data is collected to determine whether the carbon monoxide emission can be predicted by the nicotine level of the cigarette.  It is determined that the relationship is approximately linear when we predict carbon monoxide, C, from the nicotine level, N.   Both variables are measured in milligrams.   The formula for the model is 
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Interpret the slope:  If the amount of nicotine goes up by 1 mg, then we predict the amount of carbon monoxide in the smoke will increase by 10.3 mg.  

Interpret the intercept: If the amount of nicotine is zero, then we predict that the amount of carbon monoxide in the smoke will be about 3.0 mg. 

Example 6.  Reinforced concrete buildings have steel frames.  One of the main factors affecting the durability of these buildings is carbonation of the concrete (caused by a chemical reaction that changes the pH of the concrete) which then corrodes the steel reinforcing the building.  Data is collected on specimens of the core taken from such buildings, where the depth, d, of the carbonation, in mm, and the strength, s, of the concrete, in mega-Pascals (MPa,) are measured.  It is found that the model is 
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Interpretation of the slope: If the depth of the carbonation increases by 1 mm, then the model predicts that the strength of the concrete will decrease by approximately 2.8 MPa.  

Interpretation of the intercept: If the depth of the carbonation is 0 mm, then the model predicts that the strength of the concrete is approximately 24.5 MPa.  

Comments:   In this model, notice that the strength decreases as the carbonation increases, which is shown by the negative slope coefficient.  When you interpret a negative slope, notice that you must say that, as the input variable increases, then the output variable decreases.  
Notice that it isn’t necessary to fully understand the units in which the variables are measured in order to correctly interpret these coefficients.  While it is good to understand data thoroughly, it is also important to understand the structure of linear models and to be able to practice this on applied problems, even if they are not problems in your field.   

Graphs and Exponential Relationships.

This is very interesting material and we may come back to it.  We don’t have time now.
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