
 

 

Model Exponential Functions with Graphs, Tables, and Equations 
     

Student Probe 
The stray cat population of a small town grows 
exponentially.  It was estimated that the initial stray 
cat population was 25 and it increases at a rate of 
20% each year.  Find a function that models the stray 

cat population, f x , after x years. 

 

Answer: 25 1.2
x

f x  

 

Lesson Description  
In this lesson students will find algebraic models of 
exponential functions when given verbal and tabular 
descriptions.   The models are created using recursive 
data.  
 

Rationale  
To meet challenges in work, school and life, students 
need to adapt and expand the mathematics they 
know.  Problems and problem solving play an 
essential role in students’ learning of content and in 
making connections across content areas.  
Approaching content through problem solving serves 
to motivate students.  Exponential functions describe 
many real world situations including such diverse 
subjects as the magnitude of earthquakes, population 
growth, radioactive decay, and compound interest. 
Students need to develop an understanding of the 
information the graph of a function can tell them so 
they can make sense of problem situations and 
analyze and interpret data representing non-linear 
functions.   
 

Preparation  
None 

 
 

At a Glance 
What: Determine algebraic models for 
exponential functions 
Common Core State Standard: CC.9-
12.F.IF.4. For a function that models a 
relationship between two qualities, 
interpret key features of graphs and tables 

in terms of the quantities, and sketch 
graphs showing key features given a 
verbal description of the relationship.   
Matched Arkansas Standard: 
AR.9-12.ELF.AII.5.2 (ELF.5.AII.2) Graph 
exponential functions and identify key 
characteristics: domain, range, intercepts, 
asymptotes, and end behavior  
Mathematical Practices:  
Make sense of problems and persevere in 
solving them. 
Reason abstractly and quantitatively. 
Model with mathematics. 
Use appropriate tools strategically. 
Who: Students who do not recognize 
exponential functions from tables, graphs, 
or verbal descriptions.   
Grade Level: Algebra 2 
Prerequisite Vocabulary: linear, 
exponential, quadratic, y-intercept, 
growth rate, exponent  
Prerequisite Skills: make a table, simplify 
expressions, percents, recognize and 
identify patterns 
Delivery Format: small group, whole group 
Lesson Length: 30 minutes 
Materials, Resources, Technology: 
graphing calculators  
Student Worksheets: None 



 

 

Lesson 

 

The teacher says or does… Expect students to say or do… If students do not, then 
the teacher says or does…  

1. At the beginning of an 
experiment, a laboratory 
culture dish contains 500 
bacteria.  The number of 
bacteria increases by 50% 
each hour.   
Calculate the number of 

bacteria in the dish, f x , 

after one hour. 

 

1 500 500 0.5

500 250

750

f

 

Explain that 50% 0.50 . 

Model for students.   
 

2. Now let’s calculate the 
number of bacteria in the 

dish, f x , at 2 hours, 3 

hours, and 4 hours.  
(Keep the calculations on 
the visual display.) 

2 750 750 0.5 1125f  

3 1125 1125 0.5 1687.5f  

4 1687.5 1687.5 0.5

2531.25

f
 

Model for students. 

3. Now that we have 
calculated the population 
through 4 hours, look at 
the data and see what 
you notice. 
What is staying the same? 
What is changing? 

Answers will vary, but listen for: 
The last answer is used to get the 
next answer. 
We always multiply the last 
answer by 0.5 (or 50%). 
 

Prompt students. 

4. How can we make the 
calculations easier? 
 
 
 
 
 
Would that work every 
time? 
(See Teacher Notes.) 

Example: 

2 750 750 0.5 1125f  

could be changed to  

2 750 750 0.5

750 1 0.5

1125

f

 

Yes 

Prompt students, 
modeling if needed. 
 
 
 
 
 
Model with other 
examples. 

5. Notice that when we 
factor, we always get 

1 0.5 . 

What is 1 0.5 ? 

 
 
1.5 

 

 

  



 

 

The teacher says or does… Expect students to say or do… If students do not, then 
the teacher says or does…  

6. Let’s rewrite our 
equations using 1.5.   
We might be able to see 
more patterns. 
(Keep the calculations on 
the visual display.) 

0 500

1 500 1.5 750

2 750 1.5 1125

3 1125 1.5 1687.5

4 1687.5 1.5 2531.25

f

f

f

f

f

 

 

7. Now let’s pay attention to 
what you said earlier—we 
use the last answer to get 
the next answer.  We 

know 0 500f and 

1 500 1.5 750f .  

  
If we replace 750 in 

2 750 1.5 1125f  

with 500 1.5 , what will 

we get?  

What about 3f ? 

What about 4f ? 

 
 
 
 
 
 
 
 

0 500f  

1 500 1.5 750f  

 

2 500 1.5 1.5f  

3 500 1.5 1.5 1.5f  

4 500 1.5 1.5 1.5 1.5f  

 

8. What is staying the same? 
What is changing? 

The 500 stays the same. 
We multiply by another 1.5 each 
time. 

Prompt students. 

9. How can we shorten the 
equations now? 

We can use exponents. Isn’t that repeated 
multiplication? 

10. Show me what the 
equations will look like if 
we use exponents. 
(Keep the calculations on 
the visual display.) 

0 500f  
1

1 500 1.5 500 1.5f  
2

2 500 1.5 1.5 500 1.5f  

3

3 500 1.5 1.5 1.5

500 1.5

f
 

4

4 500 1.5 1.5 1.5 1.5

500 1.5

f
 

Prompt students. 

11.  Do we still get the same 
answers? 
Test it on your 
calculators. 

Yes. Monitor students. 



 

 

The teacher says or does… Expect students to say or do… If students do not, then 
the teacher says or does…  

12. How could we find the 
number of bacteria after 
5 hours? 
After 10 hours? 

5
5 500 1.5f  

 
10

10 500 1.5f  

If 
4

4 500 1.5f how 

could we find 5f ? 

13. Is there a relationship 
between the time and the 
exponent? 
What is it? 

Yes, they are the same.  

14. Could we write a function 
for this problem based on 
the information we have?  
What would it be? 

 
Yes. 

500 1.5
x

f x  

What is staying the same? 
Those are constants. 
What is changing? 
That is the variable. 

15. Notice that the variable is 
in the exponent.  Because 
of that, we call this an 
exponential function. 
 
A standard form for 
exponential functions is 

xf x ab where a is the 

initial amount and b is 
determined by the growth 
rate. 

  

16. Let’s create a table of the 
data. 
(Monitor students as they 
use their answers from 
Steps 1-2 to create a 
table.) 
 
 

 

x y 

0 500 

1 750 

2 1125 

3 1687.5 

4 2531.25 

Model. 

 

  



 

 

The teacher says or does… Expect students to say or do… If students do not, then 
the teacher says or does…  

17. Now that you have a 
table, plot the points on a 
graph. 
(Students may use a 
graphing calculator.) 

 
 

Assist students as they 
choose the viewing 
window on the graphing 
calculator. 

18. Describe the graph. Answers will vary, but listen for, 
“it is increasing fast”, “it is not 
linear”, “it is not ‘U-shaped’ like a 
quadratic”. 

Prompt students. 

19. Use the data below to 
construct a graph. 

Year Deer 
population 
(in millions) 

2008 1 

2009 1.4 

2010 1.8 

2011 2.5 

2012 3.4 

2013 4.6 

2014 6.2 
 

 

Monitor students, 
prompting them when 
necessary. 

20. What type of function 
does this data represent? 
How do you know? 

Exponential, because it is 
increasing fast, not at a constant 
rate like linear functions.  It is not 
U-shaped like a quadratic 
function. 

 

 

  



 

 

The teacher says or does… Expect students to say or do… If students do not, then 
the teacher says or does…  

21. What is the y-intercept? 
That is a in the function.   
Let’s figure out the part of 
the function that is raised 
to the exponent. 

1 million  

22. Find each ratio: 
1.4 1.8 2.5 3.4 4.6 6.2

, , , , ,
1 1.4 1.8 2.5 3.4 4.6

 
Where did I find these 
numbers?  Why do you 
think we divided them? 
 
What do you notice? 

 
 
1.4, 1.29, 1.39, 1.36, 1.35, 1.35 
 
From the values in the table. 
We multiplied them when we got 
our answers in the table. 
 
They are close to 1.35. 

Monitor students as they 
find the ratios. 
 
Prompt them if they have 
difficulty generalizing. 
How did we get the 
answers in the table? 
How do we “undo” 
division? 

23. That ratio, 1.35 in this 
case, is the part of our 
function that is raised to 
the exponent. 

  

24. What is the function that 
models this data? 

1 1.35
x

f x   

 

Teacher Notes  
1. This lesson is intended to be teacher-led with active student participation. 
2. By creating the function before being given a formula, students will be able to solve a wider 

variety of problems with greater understanding.  
3. Steps 1-12 show students how the form of exponential functions is derived.  It is important 

for students to understand the transition from recursion to general form in Steps 1-7.   
4. Students may need prompting in Step 4 to notice the factoring.  More than one example 

may need to be used. 
5. The growth rate of any exponential growth is always found by dividing any two successive 

terms.  In exponential growth, the rate will be greater than one.  In exponential decay, the 
rate will be less than one.   

 

Variations 
1. Include problems involving exponential decay. 
2. Problems involving e may be used.  



 

 

Formative Assessment 
Matt planted an unknown bean outside in his backyard.  It sprouted to 2.56 cm above the 
ground.  Matt kept records of the plant’s growth.  He measured the height of the plant each 
day at 8 a.m. and recorded the data: 
 

Day 0 1 2 3 4 

Height 2.56 6.4 16 40 100 
    

Graph the data and describe the graph as linear, quadratic, or exponential.   
Write a function that models the data. 
 

 Growth rate=
16

2.5
6.4

 Answers:

 2.56 2.5
x

f x   
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