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Unit 7: Investigation 3 (4 Days)
EXPLORING PARAMETERS OF EXPONENTIAL FUNCTIONS
CCSS: F LE-1, F LE-2, F LE-3, F LE-5
Overview
Students will explore the effects of changing the parameters a and b in the general exponential function [image: image2.emf]. They will understand that when b > 1 the function models exponential growth and that when 0 < b < 1 the function models exponential decay.  They will identify a as the initial value or y-intercept.  They will identify exponential functions and distinguish exponential functions from other types of functions, especially linear functions, from tables of values and real-world contexts.

Assessment Activities

Evidence of Success:  What will students be able to do?
· Describe the effects of the parameters a and b in the exponential function [image: image4.emf].

· Distinguish between exponential growth and decay in real world contexts.

· Fit an exponential function to a set of data.
Assessment Strategies:  How will they show what they know?
· Journal Prompt asks students to describe the role of b.
· Exit Slip 7.3 asks students to fit exponential functions to sets of ordered pairs.

Launch Notes
Ask students if they have heard of the Great Wall of China.  You may want to show pictures and share some information such as the fact that it was built over the course of two millennia, it is the only human-made structure visible from the moon and that is now considered a UNESCO world heritage site.  (http://whc.unesco.org/en/list/438).  Ask students to speculate why the wall was built.  Point out that throughout history other walls have been constructed to keep populations safe from invaders.  Then introduce Activity 7.3.1 Building Walls.
Closure Notes
Return to one of the overarching themes of this unit, comparison and contrast between linear and exponential functions.  Focus on the parameters m and b in y = mx + b and a and b in [image: image6.emf].  Ask questions like “Which parameter in the exponential function is most like b in the linear function? Why?” and “Which parameter in each function indicates whether it is increasing or decreasing.  How can you tell?”
Teaching Strategies
I. The first activity, Activity 7.3.1 Building Walls, presents a situation in which a linear function is compared with an exponential function with a growth factor greater than 1.  They will discover that even if the linear function is initially greater than the exponential function, eventually as x increases, the value of the exponential function will surpass the linear function.  They will also discover that functions with larger values of b will overtake those with smaller growth factors.  Although the context involves imaginary play blocks, the names of the builders provide an interdisciplinary context for students to research the construction of historically famous walls.
Students are now ready for a more formal investigation of the role of the parameters a and b in the function [image: image8.emf].  Activity 7.3.2 Exploring the Graph of [image: image10.emf] uses graphing calculators, It begins with a review of the role the parameters m and b play in the linear function y = mx + b.  Holding a constant, students then explore the role of the parameter b, first in the case where b > 0 (exponential growth) and then when 0 < b < 1 (exponential decay).  They then do the reverse: they hold b constant and examine the effect of varying a.  At the end of this activity students summarize what they have learned.
Group Activity

Have students work in groups of 2 or 3 on Activity 7.3.2.  They may then present the conclusions they have reached in section 4 to the class.
Differentiated Instruction (For Learners who need more help)  

Point out that the parameter b is used in two different ways:  for the y-intercept of the linear function and for the growth factor in the exponential function.  If students find this confusing you may encourage them to use capital letters for the exponential function, that is [image: image12.emf].
II. Activity 7.3.3 Effects of Parameters addresses the same concepts, but without the use of calculators.  Students make tables and graph functions by hand to determine the effect of changing the value of b.  They then draw conclusions about the steepness of the graph and whether the function is increasing or decreasing.  The first four pages of this activity may be assigned for homework even if Activity 7.3.2 has not yet been completed in class.
Pages 5 – 7 of Activity 7.4.3 extend the concepts and merit some discussion in class.  First students are led to understand that the domain of the exponential functions [image: image14.emf] and [image: image16.emf]is all real numbers, but that the range is restricted to positive numbers.  They then examine the special cases where b = 1 and b = 0.  When b = 1 the domain is all real numbers and we have a constant function. When b = 0 the domain is all positive real numbers and the function is constant on its domain.  Finally they look at a case where b < 0.  It is critical that they use the Zoom Decimal window here (as indicated in question 17b), otherwise when they draw the graph they may not see anything.  Even in the Zoom Decimal window students are likely to describe the graph as “weird.” They will notice that it jumps from positive to negative values.  Furthermore, the function is not defined for some rational values of x.  For example, [image: image18.emf], but negative numbers do not have real square roots.
The conclusion in question 18 is important.  The only “interesting” exponential functions are those in which b > 1 (exponential growth) or 0 < b < 1 (exponential decay).

Differentiated Instruction (Enrichment)  

Encourage students to explore why the function studied in question 17 of Activity 7.3.3 “jumps around” and why the function is defined for some decimal values (such as 0.2) but not for others (such as 0.1).

Journal Prompt

How does the value of b affect the graph of an exponential function?

III. In Activity 7.3.4 Modeling Exponential Growth and Decay Using Parameters students have the opportunity to apply their understanding of the exponential function and the role played by the parameters.  Three sets of data (puppy growth, Starbucks, and deaths from stomach cancer) are given.  Students enter the data in the STAT menu and experiment with values of a and b to fit a function to the data.  The first two are examples of exponential growth, the third exponential decay.  Since an initial value is given, it may be used for a.  We then vary b to see what value will give a curve that comes close to passing through the data points.  
A word about vocabulary is appropriate here.  We can describe b as the “base” of the exponent.  We also use the term “growth factor,” although when 0 < b < 1 the function is not growing, but decaying it.  Students may want to use “growth factor” only when b > 1 and use “decay factor” when 0 < b < 1.  

Exit Slip 7.3 gives students an opportunity to fit exponential functions to easy sets of data, with or without a calculator.

IV. Activity 7.3.5 Growth and Decay Situations presents six real-world scenarios, some involving growth, some decay, some linear and some exponential.  Students study each situation, write an equation, make a graph, and classify the function.  In discussing this activity you may want to point out a critical difference between exponential decay (questions 2 and 4) and linear decay (question 6).  The graph of the exponential decay function approaches but never intersects the x-axis.  Thus, in theory, the quantity decaying never completely disappears.  A linear decay function, however, will intersect the x-axis at which point the value of the dependent variable is 0.  In the case of question 6, however, the linear model is only useful up to a point.  It would be impossible to run 100m in zero seconds.
Activity 7.3.6 Identifying Exponential Functions provides an opportunity to review the key ideas of this investigation.  You may want to hand out page 1 first and have students simply identify which tables represent exponential functions.   Pages 2 – 4 contain questions that require students to explain their reasoning, based on correct answers to the questions on page 1.

Resources and Materials

· Activity 7.3.1 Building Walls

· Activity 7.3.2 Exploring the Graph of [image: image20.emf]
· Activity 7.3.3 Effects of Parameters

· Activity 7.3.4 Modeling Exponential Growth and Decay Using Parameters

· Activity 7.3.5 Growth and Decay Situations

· Activity 7.3.6 Identifying Exponential Functions

· Exit Slip 7.3 Finding Parameters from Tables
· Graphing calculators

· Bulletin board for key concepts
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