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Unit Plan Title: Exponents and Exponential Functions in our World
Integration of NASA Resources/Data

For this lesson, students will be exploring how exponents are used in the real-world. They will 
not only explore exponential functions, but how exponents influence other functions and their 
use in the real world. In the early stages of the unit, it will be much more mathematics based. 
Students will go through a series of activities that have them explore and form conjectures for 
the laws of exponents and Scientific Notation. They will also be able to express how an 
exponent is a mathematical operation that signifies repeated multiplication (the same way 
multiplication signifies repeated addition). Due to this notion of repeated multiplication, there 
will also be a development of the concept that exponents make numbers grow large very 
quickly. This concept will be explored with regular arithmetic for exponents and through 
multiple representations with Exponential and inverse Power functions. Later in the unit, we 
will use technological tools such as Desmos to explore the trajectory of an exponential 
function as well as the different components. Ultimately, we will use mathematical modeling, 
Science, and Technology to develop a model for a specific task with the NASA Psyche 
Spacecraft. This spacecraft will orbit the Sun, so it will use a complex system of Solar Energy 
to function. The spacecraft’s task is to eventually land on an asteroid called 16 Psyche in the 
year 2029, and explore its terrain. Lastly, we will compare and contrast exponential functions 
with linear and inverse Power Functions, and solve real-world problems related to exponential 
functions. Some of the problems relate to NASA. 

Statement of Purpose
This unit will integrate Math with Science and Technology. This will better enhance my 
students understanding of Math being the language we use to explain, justify, or make sense of
Science. Technology is the tool that allows us to bond math with science. Science is the study 
of all the different physical and natural phenomenon in the world around us. It may be the case
that the unit contains mostly math objectives, but learning math is pointless if you are not 
using it to solve problems in the physical or natural world around us. For instance, you can 
teach students about how exponents influence the trajectory of certain functions, but students 
will not develop a means to an end without a context. People learn better when they are given 
a reason to learn something because it gives them more meaning. Learning is not a transfer of 
information, it is a gradual and constructive process of making meaning. Furthermore, students
need to struggle and grapple until a solution is reached and then they can draw conclusions and
make revisions.

This unit is developmentally appropriate for students because we are using New Jersey 
Student Learning Standards that are on par with their grade level, the tasks and math 
computation that students are given are suitable to their grade level and ability level, and each 
of the lessons have the necessary structure and supports in place to meet the needs of students. 



For instance, when exploring the involvement of exponents in inverse Power Functions, 
students will be guided through the mathematical modeling process and there will be carefully 
planned guided questions. When using technological tools such as Google Sheets, students 
will be given very detailed directions and will be shown how to use some features of Google 
Sheets. In terms of the mathematics, the exponent problems will not involve more than two 
difference bases. The computation involved with the functions will also not be too complex 
because none of the functions contain e, natural log, or trigonometry. 

All of the skills students will develop are in this order: Properties of Exponents, Perfect 
Squares and Cubes, Fours Laws of Exponents, Scientific Notation, exponents in inverse Power
Functions, and Exponential Functions. The first two skills are part of Lesson One, the third 
and fourth skill are for Lesson Two, the fifth skill is part of Lesson Three, and the last skill is 
for Lesson Four. 

Each of the four lesson will use various methods of differentiation depending on the student 
body and formative assessment results. At the beginning of the unit, there will be a Pre-
Assessment that students will complete on IXL. This will give me an idea of what students 
already know about Exponents from Middle School. The student results will determine who 
they sit next to during this unit, and I will also be mindful of these results for the duration of 
the unit. The default form of differentiation is for my students to sit in groups of two and work 
on tasks as a group of two. During Lesson One, some students will be assigned in one larger 
group to get more intensive instruction. During Lesson Two, students will be given a Do Now,
and their score on this Do Now determines what group they are in. Each group will have 
different levels of support, but are working on the same task. For Lesson Three, the students 
will work on an Exploration activity in groups of four. For Lesson Four, the students will work
in groups of two throughout the lesson. As we move along, some students will have tasks 
broken down into more manageable units, students will be designing/construction their own 
models for certain tasks, notes or answer keys might be provided to some students, and some 
students or groups might need more individualized instruction during their task. 

NGSS Performance Standard
HS-ETS1-2: Design a solution to a complex real-world problem by breaking it down into 
smaller, more manageable problems that can be solved through engineering. 

NJSLS Math Standards
8.EE.A.4: Perform operations with numbers expressed in scientific notation, including 
problems where both decimal and scientific notation are used. Use scientific notation and 
choose units of appropriate size for measurements of very large or very small quantities (e.g., 
use millimeters per year for seafloor spreading). Interpret scientific notation that has been 
generated by technology.



HSN-RN.A.1: Explain how the definition of the meaning of rational exponents follows from 
extending the properties of integer exponents to those values, allowing for a notation for 
radicals in terms of rational exponents. 

HSN.SSE.B.3c: Use the properties of exponents to transform expressions for exponential 
functions. For example the expression 1.15t can be rewritten as (1.151/12)12t ≈1.01212t to 
reveal the approximate equivalent monthly interest rate if the annual rate is 15%. 

HSA-CED.A.2: Create equations in two or more variables to represent relationships between 
quantities; graph equations on coordinate axes with labels and scales. 

HSF-IF.C.7e: Graph exponential and logarithmic functions, showing intercepts and end 
behavior, and trigonometric functions, showing period, midline, and amplitude. 

HSF-IF.C.8b: Use the properties of exponents to interpret expressions for exponential 
functions. For example, identify percent rate of change in functions such as y = (1.02)t, y = 
(0.97)t, y = (1.01)12t, y = (1.2)t/10, and classify them as representing exponential growth or 
decay.  

HSF-BF.B.3:  Identify the effect on the graph of replacing f(x) by f(x) + k, k f(x), f(kx), and 
f(x + k) for specific values of k (both positive and negative); find the value of k given the 
graphs. Experiment with cases and illustrate an explanation of the effects on the graph using 
technology. 

HSF-LE.A.1: Distinguish between situations that can be modeled with linear functions and 
with exponential functions. 

HSS-ID.B.6a: Fit a function to the data (including with the use of technology); use functions 
fitted to data to solve problems in the context of the data. Use given functions or choose a 
function suggested by the context. 

HFS-LE.A.2: Construct linear and exponential functions, including arithmetic and geometric 
sequences, given a graph, a description of a relationship, or two input-output pairs (include 
reading these from a table).  

HFS-LE.B.5: Interpret the parameters in a linear or exponential function in terms of a context. 

Essential Question(s)

1. How do exponential functions differ from linear functions?
2. How can we describe or represent the rapid output growth for exponential functions?
3. How are exponential functions applied in important problems in space?
4. How does the application of exponential functions connect with science, technology, 

engineering, and even the arts?



Instructional Objectives
Lesson 1
With 97% accuracy, students will be able to express exponents as repeated multiplication 
through expansion, convert expanded notation to exponential notation, as well as converting to
standard notation. 

With 97% accuracy, students will be able to display perfect squares and cubes with the use of 
models and arithmetic. 

Lesson 2
With 96% accuracy, students will be able to perform the computation for each the four laws of
exponents (Product Rule, Quotient Rule, Zero Exponent Rule, and Negative Exponent Rule) to
simplify both regular exponential expressions and ones in Scientific Notation. 

Lesson 3
With 96% accuracy, students will be able to use the fundamentals of exponents and inverse 
square law to calculate solar power, collect data in a table, and then use the data to graph a 
Power function for solar power as a function of astronomical units (d). 

With 96% accuracy, students will be able to analyze graphs and tables involving Power 
functions and describe trends in the data.

Lesson 4
With 96% accuracy, Students will be able compare and contrast Power Functions (with 
negative exponents), Linear Functions, and Exponential Functions using multiple 
representations. They will also identify the different transformations for Exponential 
Functions.

Lesson 1
5E’s Addressed in Lesson 1: Engage, Explore, Explain, and Evaluate
Stages of Lesson
 Instructional Outline: 

1. Pre-Assessment Diagnostic on IXL.
2. Engaging Videos
3. Explore Perfect Squares and Cubes Activity
4. 6.1 Notes
5. 6.1 Exit Ticket

Description of Pre-Assessment Diagnostic
Prior to ninth grade, all students have already learned multiple fundamental concepts that 
involve exponents. They should already be familiar with the concept of repeated 
multiplication, converting from exponential notation to expanded notation and conversely, and
at least the first ten perfect squares. They should have some exposure to the fundamental laws 



of exponents and how to simplify expressions using those rules. Some students have retained 
these processes better than others. Lastly, they have used Pythagorean Theorem and maybe 
even other instances where exponents tie with Geometry concepts. This Pre-Assessment will 
evaluate how much of this knowledge they have retained in those previous grade levels. The 
Pre-Assessment will be created on IXL, it will immediately give the students a score after they
submit, and it will even categorize students based on score. The results will be useful for the 
planning of lessons in this unit. 

5E Details of 5E Lesson Implementation

Engage

- Initial class 
discussion 
about the 
Earth’s core 
and why it is
important

- Show video: 
“NASA’s 
Psyche 
Spacecraft 
Prepares for 
Trip to 
Asteroid by 
Testing Solar 
Arrays

- Show video: 
NASA's 
Psyche 
Mission to an 
Asteroid: 
Official 
NASA Trailer

Procedure: 

To begin the unit, we will begin with a casual conversation about 
the Earth’s core and why it is important. On the projector, I will 
present this question: “Why should we care about the Earth’s 
core?” The majority of students have heard of the core, but most 
have minimal knowledge about its functions and why it plays a 
vital role in all habitation on earth. Maybe a couple will mention 
the core being related to our magnetic field, but I would be 
surprised if any students know the details. Next, I will ask the 
students if we have ever been to the core. The answer is an 
emphatic “no”, but we have discovered an asteroid, 16 Psyche, in 
our solar system that appears to have acted as the core for a 
forming planet during the early stages of the formation of our 
Solar System many years ago. It is one of the select few asteroids 
that consists mostly of metals. To further explore this special 
asteroid, I will show two videos that talk about 16 Psyche and the 
Spacecraft they are building to land on this site. After the video, I 
will tell my students that the planning for this mission involves 
exponents and exponential functions. 

Modifications:

No modifications needed during this stage.

Standards Addressed:

We are not addressing any standards during this stage. 

Formative/Summative Assessments:

There is no type of Formative or Summative Assessment at 



this stage. 

Resources 

- Class projector
- Google Classroom page

Explore

- Students 
will work in 
groups of 
two and 
explore 
perfect 
squares and 
cubes with 
the handout.

- We will 
elicit 
responses 
for 
similarities 
and 
differences 
between 
perfect 
squares and 
cubes.

- The activity 
will be done
with a 
manipulativ
e on 
Geogebra. 

Procedure: 

To begin our exploration of the properties for exponents, 
students will be given an activity sheet titled: “Exploring Perfect
Squares and Cubes.” My students will stay in their usual groups
of two and use their chromebooks. Each group of two will have 
to type in the link written on the first page of the sheet and 
enter the join code. Once students are in, they should see a 
manipulative with a square in the center and a slider at the 
bottom. The slider starts at zero and ends at five, and it visually 
shows the first give perfect squares with actual squares. I will 
explain the directions and model how to complete the first two 
perfect squares for #1. The groups will then explore the third, 
fourth, and fifth perfect squares and draw the visual on their 
sheet to complete the remainder of #1. Once students are 
done with #1, we will go over the first five perfect squares with 
the answer key. I will ask guided questions that give students 
the basis to identify patterns for perfect squares. For instance, 
some patterns student may notice are: n-squared is equal to n x
n, n is made up of unit squares, and represents both the length 
and width of the large square.” Any type of student feedback is 
viable to the discussion, but moving forward, but I will guide 
students to look for more patterns. If you shade the unit 
squares on the top row, and one of the side columns, you will 
also notice that the unshaded squares display the previous 
perfect square. The next pattern you can determine is how 
many squares you need to add to the large square to form the 
succeeding perfect square. The groups will now complete 
problems two through six on their own. As I am circulating, I 
may need to model how students should show their work so 
that they have an idea of how they should answer. On the next 
page, students will enter a new link and join code to explore 
perfect cubes. The will use the same kind of manipulative as for
the first page, and they will explore the first six perfect cubes. 



They will write down the perfect cubes, as well as the repeating
factors, for #1. They do not need to draw the visual model for 
each perfect cube because there are too many squares. Then, I 
will elicit student responses for #’s ten and eleven to discuss 
similarities and differences between perfect squares and cubes.
The main takeaways are the exponents are repeated 
multiplication and exponents cause values to grow very quickly.

Attached below are screenshots of the GeoGebra manipulative 
and the activity sheet respectively:





Modifications: 

For some students with IEP’s or 504’s, they will need certain 
tasks broken down into manageable units. Therefore, I will give 
students specific parts to focus on one at a time. First, students 
should focus on modeling the first five perfect squares using the 
manipulative. Then, they will move on to the other tasks. 

Specific students will need a checklist that outlines what they 
should do in order, and then they can check off the tasks upon 
completion. 

All of the students will need a multi-sensory approach to 
learning. For instance, all directions must not only be stated 



verbally, but also in writing. 

Certain students will need constant feedback, reinforcement, or 
cues for redirection throughout the activity in order to stay on 
task or maintain confidence. 

Standards Addressed: 

No standards addressed during this stage. The standard: 
8.EE.A.2 involves square roots and cube roots, which will occur
in the next unit. Exponents and Roots are two separate units in 
the Algebra 1A course that I teach. 

Formative/Summative Assessments: 

No Formative or Summative Assessment during this time. This
is an exploration activity. 

Resources: 

- Perfect Squares and Cubes Exploration Activity 
- GeoGebra manipulative 
- Projector to display videos

 Explain

During the 
notetaking 
phase, students 
will be asked 
guided 
questions where
they have to 
justify their 
reasoning and 
critique the 
reasoning of 
others. They 
will also have to
recap what they 
learned during 

Procedure: 

6.1 Notes:
I will pass out 6.1 Notes to each student. Students will still be 
working in groups of two (as usual), but they will be filling in 
their own Notes. No chromebooks will be allowed during this 
time. We will begin with guided instruction on the first page, and
fill in blanks for the following vocabulary words: exponent, base, 
exponential notation, expanded notation, and customary 
notation. I will model how to convert between the different 
notations for #’s 1,2,4, and 8, but I will also ask guided questions 
so that students are formulating the rules without me directly 
telling them. For #1, I will show how to convert the expression 
from expanded to exponential form, and they have to use the 
knowledge they gained from that activity to explain to me why I 
used those exponents. When we do #4 together, I may expand 



the Explore 
Phase.

the expression, originally in exponential notation, the wrong way
so that students can take a moment to look at my work, process 
the information they learned in the Explore stage, and then 
realize that I made a mistake. They have to not only correct my 
error, but they also have to justify their reasoning and critique 
my reasoning. Numbers 1-3 are exercises for converting from 
expanded notation to exponential notation. Numbers 4-6 are 
exercises for converting from exponential notation to expanded 
notation then customary notation. For numbers 7-9, they expand
and write as a multiplication expression. Lastly, students will fill 
in the first fifteen perfect squares and the first six perfect cubes. 
They may not use a calculator, but they can use their 
multiplication table. They should be able to see the diagonal 
path the perfect squares form on the table. Students will peer-
assess with their partner(s) once finished. As they peer-assess, 
they will swap packets, look at each problem step-by-step and 
use a pen to point out errors. An established expectation for 
peer-assessing is to give their partner time to identify the error 
themselves. If they are still struggling, the other partner can 
justify what is the correct process. 

Attached below is a blank copy of 6.1 Notes:





Modifications: 

- Visual cues for certain students that have ADHD (as stated 
on their 504)

- Notes provided for students
- Break down tasks into manageable units for specific 

students (i.e. provide examples where they are given part 
of the conversion to expanded notation, and they have to 
fill in the remaining portion.)

- A group of four or five students working in a small group, 
with the in-class support, that goes at a different pace from 
the rest of the class. 

  Standards Addressed 

Just like during the explore phase, there are no standards 
addressed during this stage. The standard: 8.EE.A.2 involves 
square roots and cube roots, which will occur in the next unit. 
Exponents and Roots are two separate units in the Algebra 1A 
course that I teach. 

Formative/Summative Assessments: 

None during this stage. 

Resources: 

- 6.1 Notes



- Pencil
- Calculator (will be provided to a few students)

 Evaluate

The assessment 
portion of Lesson
One will be an 
Exit Ticket on 
IXL. The Exit 
Ticket will be 
created by me, 
and I will use the 
new Quizzes 
feature. 

Procedure: 

Formative: To check for mastery of the instructional objective, 
students will complete a five question exit ticket. The Exit Ticket 
will assess their ability to make sense of exponents, and write 
expressions in exponential form, and evaluating exponents 
(expanding and finding the product). It will be completed on IXL,
and then they will all submit their responses for an immediate 
score. The scores will be automatically tiered on a bar graph, so 
this allows me to easily identify the level of mastery for each 
student and determine potential groupings. 

Attached below are screenshots of the questions:



Modifications: 

No modifications for this Exit Ticket. 

Standards Addressed: 

No standards addressed during this stage. 

Formative/Summative Assessments: 

Formative: 6.1 Exit Ticket



Resources

- 6.1 IXL Exit Ticket on Chromebook 

 Materials
- Pencil
- Eraser
- Chromebook
- Exploring Perfect Squares and Cubes handout
- 6.1 Notes
- 6.1 Exit Ticket

Lesson 2
5E’s Addressed in Lesson 2: Engage, Explore, and Explain
Stages of Lesson
 Instructional Outline: 

1. 6.1 Homework Check
2. 6.2 Laws of Exponents and Scientific Notation Exploration Activity
3. 6.2 Notes

5E Details of 5E Lesson Implementation

Engage

During the 
engage 
phase, we 
will talk 
about 
different 
types of 
abbreviations
and 
shorthand. 
To make the 
conversation 
more 
relevant to 
students, we 
will 
specifically 

Procedure:

To launch the lesson, we will begin with a pleasant conversation 
about texting abbreviations. This stage of the lesson is intended to be
lax and joyful. I will send them a Poll Everywhere link, and they will
submit as many texting abbreviations they will think of. The 
abbreviations will be displayed on the projector. We will briefly 
discuss the purpose of abbreviations and why we use them. This will 
be a great leeway to posing the following question: “How do we 
make ‘big’ numbers ‘small’?” This will give an opportunity for 
students to not only build curiosity, but also to identify real-life 
examples of having to “abbreviate” very large numbers. 

We will have another discussion on where we would typically see 
very large numbers. Student responses may include national debt, 
compound interest, and especially space. Scientific Notation is most 
commonly used for various measurements in space, and we will see 
examples of Scientific Notation later on in the lesson. 



focus on 
abbreviations
used in 
texting. We 
will talk 
about the 
purpose of 
abbreviations
and delve 
into how it 
connects 
with 
scientific 
notation. 
This allows 
students to 
associate 
scientific 
notation with
making big 
things 
smaller. 

The screenshot for the Poll Everywhere activity is attached below:

Modifications: 

No modifications needed during this stage.

Standards Addressed: 

No Standards addressed during this time. 

Formative/Summative Assessments: 

No Formative or Summative Assessments. 

Resources: 

- Pencil
- Projector
- Poll Everywhere

 Explore

Instead of 
being 
shown how
to perform 
the Law of 
Exponents, 
a better 
strategy 
would be to
have 

Procedure: 

For the exploration activity, each student will receive a mini-
whiteboard, a marker, and an eraser. The students will be working 
in groups of two, but will have to display their own work on the 
mini-whiteboard. Since students will not be told how to perform 
each exponent rule, they will have to grapple with prior knowledge,
compare their results with mine, communicate with their partner to 
identify the processes, and then surmount their cognitive conflict. It
is important to note that once a student recognizes the process, he 
should not tell their partner. Instead, they should display their 
strategy for determining the result and then precisely explain the 



students go 
through an 
experience 
where they 
form their 
own 
conjectures 
for the 
different 
laws of 
exponents. 
For this 
exploration 
activity, the
bases may 
be numeric 
or 
algebraic. 
There will 
also be 
Scientific 
Notation 
expressions
.

process without giving away the answer right away. There will be 
fifteen rounds for this activity, and it is not meant to be 
competitive. The reason is because I want a calm environment 
where students feel safe to take time processing new information. 
On their mini-whiteboards, students are encouraged to display their
result using any model they choose. They can expand, perform 
integer operations for the exponents, etc. At the end of each round, 
I will reveal the result after all students gave an attempt on their 
mini-whiteboards. At specific rounds, I will elicit student responses
so that we can formulate each of the exponent rules as a class. We 
will also draw conclusions for converting numbers into scientific 
notation. 

A link for the 6.2 Laws of Exponents and Scientific Notation 
Exploration Activity on Google Slides is here.

Modifications: 

No modifications during this phase. 

  Standards Addressed

8.EE.A.4: Perform operations with numbers expressed in scientific 
notation, including problems where both decimal and scientific 
notation are used. Use scientific notation and choose units of 
appropriate size for measurements of very large or very small 
quantities (e.g., use millimeters per year for seafloor spreading). 
Interpret scientific notation that has been generated by technology.

Formative/Summative Assessments: 

No Formative or Summative Assessment

Resources: 

- Mini-whiteboard, markers, erasers
- Projector
- Exploration Activity

Explain

During the 
notetaking 
phase, we 
will recap 

Procedure: 

To informally assess, I will assign a five question IXL quiz to all of
my students, and they will be immediately scored. Their score will 
determine their grouping and the level of instruction provided to 
them. Students who received a 5/5 on the quiz, will mostly work in 

https://docs.google.com/presentation/d/1FSTtREuixhQ2c2TgoDUAdT6wC_XBY-43Baq46CzZwxU/edit?usp=sharing


everything 
from the 
exploration 
activity, 
and I will 
provide 
explicit 
instruction 
for various 
problems 
within 
certain 
groups. I 
will 
provide 
guided 
instruction 
for the 
Scientific 
Notation 
problems 
when 
necessary.

a group that independently completes 6.2 Notes and check their 
work with the Answer Key. I will provide some necessary 
instruction for this group: as well as for the rest of the groups. The 
students who received a 3/5 or a 4/5 will work in a group that will 
complete 6.2 Notes, but will be monitored by me. I will provide 
differentiated instruction wherever necessary by asking guided 
question that allow students to see the process. I may even start an 
IXL Group Jam so that I can first model how to do a couple of the 
problems, and then the group tries a couple on their own. The 
students who scored below a 3/5 will work in a group with the in-
class support. The in-class support will provide the students with 
colored pencils and a handout which displays all of the exponent 
rules. They will color code same bases, and use a pencil to show 
the operation we need to perform step-by-step. Regardless of the 
group, I will get students together at some stage so that we can 
collectively explore how to convert Negative Exponents (bottom of
Page Two). I may call on a couple of student to go up to the board 
and show their work for that portion of Page Two. As a class, we 
will thoughtfully form a rule for converting negative exponents. 
Once we get to page four, I may provide some more whole-class 
explicit instruction on Scientific Notation depending on the 
feedback I am receiving from student work. If students are 
comfortable with the procedures of Scientific Notation, I will 
differentiate my instruction to smaller groups of students. If there 
are still some important key concepts that students are missing as 
they work (such as the decimal being in the wrong place, or not 
knowing when the exponent is positive or negative for the base 
ten), I will get the whole class together. 

Attached below is a screenshot of the IXL Informal Assessment:





6.2 Notes – 

Each student will receive the packet for 6.2 Notes after the 
exploration activity. Depending on how they scored on the informal
assessment (IXL Quiz), they will be in a group that completes the 
problems in a specific way. The first page of the packet has 
fundamental Product Rule and Quotient Rule problems. None of 
the expressions on this page have more than two different variable 
bases. The second page continues with Quotient Rule, but also 
includes Zero Exponent examples and delves into Negative 
Exponents. The bottom of the second page has an exploration phase
where students have to use Quotient Rule and expand/simplify for 
two different expressions. Based on their work, they have to 
determine how we can make a negative exponent positive. The 
third page provides four exercises where some of the bases have 
negative exponents; as well as four exercises where students are 
putting all of the exponent rules together. The fourth and fifth 
pages are strictly for Scientific Notation rules and problems. First, I
want to see how the students fare with the Scientific Notation 
problems. I want to act more as a facilitator then an instructor. For 
those last problems, the difficulty levels that each group is 
revealing will determine how I instruct. Towards the end of the 
lesson, I will provide one more assessment to determine student 
mastery. This will be a formative assessment made on IXL, and it 
is considered an Exit Ticket (6.2 IXL Exit Ticket).

Attached below are the screenshots for a blank copy of 6.2 Notes: 









Modifications: 

- Visual cues for certain students that have ADHD (as stated 
on their 504)

- Notes provided for students
- A group working with the in-class support and using a color-

coding strategy to make the problems easier to process.

Standards Addressed: 

8.EE.A.4: Perform operations with numbers expressed in scientific 
notation, including problems where both decimal and scientific 
notation are used. Use scientific notation and choose units of 
appropriate size for measurements of very large or very small 
quantities (e.g., use millimeters per year for seafloor spreading). 
Interpret scientific notation that has been generated by technology.

Formative/Summative Assessments: 



- Informal Assessment produced on IXL Quizzes
- Formative: When there is about ten to twelve minutes left in 

the block, I am going to a few problems from the 6.2 Notes 
Packet that I did not assign earlier. I will collect each of the 
student packets and give them feedback for those specific 
questions the following class. The feedback will be written 
on their packets, and I will give them back to each student. 

Resources: 

- 6.2 Notes
- 6.2 IXL Informal Assessment

Materials
- Pencil
- Eraser
- Mini-whiteboards
- Markers
- Chromebook
- Exploring Perfect Squares and Cubes handout
- 6.2 Notes
- 6.2 IXL Informal Assessment

Lesson 3
Stages of Lesson
5E’s Addressed in Lesson 2: Explore and Elaborate.

This lesson may span two blocks. 

Stages of Lesson
 Instructional Outline: 

1. 6.2 Homework Check
2. Psyche Spacecraft Mission Activity
3. 6.3 Exit Ticket

5E Details of 5E Lesson Implementation



Explore

The Psyche 
Spacecraft 
task was 
introduced to
students at 
the 
beginning of 
Lesson 1 
with two 
separate 
videos. 
Before 
beginning 
the activity, 
we will 
replay those 
two videos 
so that we 
can refresh 
our 
memories on
the 
background 
information. 
The students 
will be 
placed in 
groups of 
three, and go
through a 
mathematical
modeling 
experience 
that also 
connects 
with science 
and 
technology. 
They will go 
through the 
five stages of
Mathematica
l Modeling 

Procedure: 

We will first replay the two videos from Lesson One. After a 
conversation on how this task connects with exponents, students 
will get into pre-determined groups of three and receive their 
handouts. Before officially beginning, we will review the five steps
of mathematical modeling: identifying essential variables in a 
situation, formulating models from those variables, performing 
operations using those models, interpreting the results of those 
operations, and validating the conclusions of those results. We will 
begin talking about potential variables after the videos conclude so 
that we have an idea of what we are trying to solve. To develop an 
idea for the variables we are trying to solve, we will begin a hands-
on simulation to initially get an idea of how solar energy is 
influenced by distance from the sun. To begin the activity, students 
will go to their groups, and rearrange the desks to form large tables.
Each group will use two phones, and they will use books to hold up
the phones perpendicular to the table. The phones will begin with a 
distance of one foot between them, so the groups will use a ruler to 
measure. One phone will act as the LED light sensor (obtained 
from the lux meter app) and the other phone will have its LED light
turned on. I will turn off the lights to darken the classroom, but I 
will keep the projector on so that there is some visibility. Students 
will check the light sensor to see the lux measurement. They will 
record the lux in their data table for a distance of one foot. Using 
the lux for one foot as a baseline, students will fill in their 
predictions for the lux measurements for the remainder of the 
distances: two feet, three feet, four feet, five feet, and six feet. They
will record this on the second column of the data table. Once their 
predictions are recorded, they will measure the lux for each of 
those distances. At this stage, we will determine the independent 
and dependent variables as class: the lux depends on the distance 
between the two phones (in feet). Then, they will have specific 
directions to go to Google Sheets, and create a curve fit for their 
data. They will also derive an equation for their data. The function 
type they will select for their data is called Power Series. At this 
stage, students will use the function model and equation they 
digitally constructed to derive other lux measurements for further 
distances and to answer extension questions that tap into critical 
thinking. Each of the groups will work together, but they all need 
to create their own version of the Google Sheet. Students are also 
expected to answer the questions with their partner, but write the 
responses on their own paper. 

Attached below is a sample for what a group’s curve fit may look 



to see the 
identify data 
trends, draw 
conclusions, 
and make 
decisions. 

like. 

The next part of the task is to use the knowledge we just gained to 
answer this question: “How can we determine the Watts per Square 
meter available during the mission based on the Spacecraft’s 
distance from the sun (AU)?” The independent and dependent 
variables follow the same sort of logic as the light experiment earlier
in the activity. This time, students will be given that solar energy can
be measured in Watts per Square Meter. To extend, we will have a 
brief discussion on large distances and I will guide students to be 
reminded of Scientific Notation. Even though this is a viable 
method, when we use mathematical modeling we always want to 
make work as simple as it can be. A better alternative to using 
Scientific Notation are Astronomical Units. I will directly introduce 
Astronomical Units and give them the Watts Per Square Meter 
available at Earth. They will use that information to calculate the 
percent of solar energy the Spacecraft receives at the 16 Psyche orbit
and the Watts Per Square Meter available. This portion of the 
exploration requires research and application of the Inverse Square 
Law formula. When searching for the Astronomical Units (AU) of 
16 Psyche on the internet, they will see a range of 2.5 – 3.3. 
However, I will guide my students to critically think about which 
value they should focus on using in their calculation. The AU of 3.3 
would be better to use because it would be best to figure out how 
much energy would be needed when farthest from the sun. Lastly, 
students will also calculate the Watts Per Square Meter available for 
other planets and asteroid belts to compare and contrast. This allows 
them to interpret their results for the 16 Psyche mission and validate 
conclusions for those results. 



Attached below is a blank copy for 16 Psyche Spacecraft 
Exploration activity:







Modifications 

- Visual cues to redirect certain students that have ADHD (as 
stated on their 504)

Standards Addressed 

HSA-CED.A.2: Create equations in two or more variables to represent
relationships between quantities; graph equations on coordinate axes 
with labels and scales. 

HSS-ID.B.6a: Fit a function to the data (including with the use of 
technology); use functions fitted to data to solve problems in the 
context of the data. Use given functions or choose a function 
suggested by the context. 

HFS-LE.A.2: Construct linear and exponential functions, including 
arithmetic and geometric sequences (with Power Series involved), 
given a graph, a description of a relationship, or two input-output pairs
(include reading these from a table).  



Formative/Summative Assessments 

No Assessments during this Stage

Resources 

- Exploration Handout
- Google Sheets
- LED light IPhone
- Lux Meter App (IPhone)

Elaborate

During this 
stage, 
students 
will apply 
what they 
have 
learned in 
the 
exploration 
activity for 
three 
different 
locations in
our Solar 
System. 

Procedure: 

To apply what they have learned in the Explore portion, students will
calculate the Percent of Solar Energy received and the Watts Per 
Square Meter available at three different locations in our Solar 
System. The three locations are Pluto (max), Saturn, and Neptune. 
The AU’s will be given, and they are 49.19 AU, 9.54 AU, and 30.06 
AU respectively. My students will be assessed with a paper-based 
Exit Ticket. 

Attached below is a screenshot for the blank copy of 6.3 Exit Ticket:



Modifications: 

- Visual cues to redirect certain students that have ADHD (as 
stated on their 504)

Standards Addressed: 

No Standards addressed during this stage. 

Formative/Summative Assessments: 

6.3 Exit Ticket: Students will submit their work for a grade out of 
10 points. All work must be shown and their results should be 
clearly visible within the data table. 

Resources: 

- 6.3 Exit Ticket 
- Pencil
- Calculator

Materials
- Pencil
- Eraser
- Chromebook
- Scientific Calculator
- 16-Psyche Spacecraft Mission handout
- Two phones
- 6.3 Notes
- 6.3 Exit Ticket

Lesson 4
Stages of Lesson
5E’s Addressed in Lesson 4: Explore and Explain.

Stages of Lesson
 Instructional Outline: 

1. Google Form Do Now
2. Venn Diagram Activity
3. 6.3 Notes



5E Details of 5E Lesson Implementation

Explore

After 
yesterday, 
students gained
knowledge for 
the 
multiplicative 
nature of 
exponents with 
the use of both 
a data table and
a graph. For the
graph, we used 
technology to 
create an 
example of an 
inverse Power 
Function. 
Today, we are 
going to place 
more of an 
emphasis on 
Exponential 
Functions. We 
will not just 
derive the 
parent function,
but we will 
delve into the 
different 
transformations
of Exponential 
Functions and 
create models 
for a couple 
real-life 
problems. 

Procedure: 

I will first have my students fill out a Google Form. The Google 
Form asks simple questions which allows students to revisit what 
they learned yesterday. We will briefly go over the questions as a 
class so that we can clarify important content. 

Attached below are screenshots that show the Google Form 
Questions:



To launch the lesson, I will project a data table for a linear 
function, a data table from one of yesterday’s groups (distance (in 
feet) vs lux measure) and a table which shows values for an 
exponential function. The two data tables will be pasted next to 
each other on the Google Slide. As they are being projected, I will
have my students, seated in groups of two, go with their partner 
and claim an area on one of the classrooms three large 
whiteboards. They will take a marker, and draw a large three-ring 
Venn Diagram for more space. They will label the left ring as: 
“Inverse Power Function”; the right ring will be labeled as: 
“Exponential Function”; and the bottom ring will be: “Linear 
Function.” The middle ring is where they will write down any 



similarities between the three functions. Students have to show 
mathematical work to justify what they are writing in the Venn 
Diagram. They can use any type of mathematical representation 
they choose when showing their work. They can even use Google 
Sheets (the same features as yesterday’s activity) or the Desmos 
Graphing Calculator to help them with this activity. I will not set a
timer for this because I do not want students to feel rushed. I want 
them to have the time to really dig deep and explore some of the 
characteristics of Exponential Functions. Once I feel that each 
group has enough vital information to share, I will give the groups
about two minutes to gather their thoughts and think about how to 
present their findings. As a class, we will go around and have a 
gallery walk. Each group will share their findings, explain how 
their math connects with what they wrote inside the Venn 
Diagram, and draw some conclusions about exponential functions.
I would not expect students to share much about the 
transformations of exponential functions, but there may be groups 
that touch on them a little bit. 

Modifications: 

- Visual cues to redirect certain students that have ADHD 
(as stated on their 504)

- Break down tasks into manageable units for certain 
students. Some students might need guidance on how to 
organize their thinking for this task. This may include 
drawing table of values and showing the multiplicative 
factor for the y-values, looking for a factor from x to y for 
both functions, etc. 

Standards Addressed: 

HFS-LE.B.5: Interpret the parameters in a linear or exponential 
function in terms of a context. 

Formative/Summative Assessments: 

No Formative or Summative Assessments during this stage. 

Resources: 



- 6.3 Do Now on Google Form
- Google Slides
- Whiteboard
- Marker
- Google Sheets or Desmos Graphing Calculator (possibly)

 Explain

We will 
transition to 
6.3 Notes, and
there will be a
comprehensiv
e instructional
period strictly 
on 
Exponential 
Functions. 
There will be 
opening 
problems 
where 
students will 
use the 
Desmos 
Graphing 
Calculator to 
construct a 
model for the 
scientific 
scenario, but 
there will be 
more guided 
instruction 
after this 
stage. 

Procedure: 

Once all students are seated, I will pass out 6.3 Notes to each 
student. I will have a student read the opening problem at the top
of the first page, and that includes the detailed directions for the 
problem. Once again, we will go over the five stages of 
mathematical modeling, the criteria for drawing a model, and go 
over literacy strategies to break down the text. The most 
common literacy strategy we use to break down a text is the 
CUBES Method. I will give kids a few minutes to gather their 
thoughts, construct a model for the situation, use the Desmos 
link to construct a data table, and use the sliders to construct a 
model for the given scenario. The sliders a, b, and k represent the
components for the functions. After students have created a 
function that fits their data, they will write down the function at 
the bottom of the first page. 

Attached below is a screenshot of the Desmos task on 6.3 Notes:



Once all the groups of two are finished with the task, we will go 
to the second page of the Notes. I will introduce the parent 
function and then we will write down the components as a class. 
I will call on different students to describe what they noticed for 
a, b, and k as they moved the sliders on the Desmos Activity. We
will fill in those components at the top of the second page. Next, 
there will be an instructional period on Exponential Growth vs. 
Exponential Decay. For problem one, I will model how to 
determine the y-intercept, the multiplying factor, and if the graph
will show growth or decay. We will do problem two together as 



a class (guided questions), and students will try problems three 
and four on their own. We will go over the problems with the 
answer key. On the next page, I will use the same form of 
explicit instruction for the exercises on page four. This time, we 
will determine the y-intercept, the multiplying factor and if the 
graph will be growth or decay from a table of values. The class 
will then graph the table on the coordinate plane and write the 
exponential function. The last two problem on the packet are 
both word problem. I strongly suggest that my students use 
Cubes Method to identify the variable, locate the values, and 
eliminate unnecessary text. However, they are open to solving 
the problems their own way. Once finished, I will call on two 
students to go up to the board and display their work for each of 
the word problems. As an extension, problem twelve is a more 
complex NASA problem where students have to solve for the 
multiplicative factor. I may assign this to my upper level 
students or have this be an opening challenge problem next class.
It depends on how much time is left in the block and how my 
students are faring with the material. 

Attached below is a screenshot for a blank copy of 6.3 Notes:







Modifications: 

- Visual cues to redirect certain students that have ADHD 
(as stated on their 504)

- Break down tasks into manageable units for students. 
Practicing with one representation at a time and have 
specific problems to work on in chronological order.

- Notes provided to students

 Standards Addressed:

HSN.SSE.B.3c: Use the properties of exponents to transform 



expressions for exponential functions. For example the expression
1.15t can be rewritten as (1.151/12)12t ≈1.01212t to reveal the 
approximate equivalent monthly interest rate if the annual rate is 
15%. 

HSA-CED.A.2: Create equations in two or more variables to 
represent relationships between quantities; graph equations on 
coordinate axes with labels and scales. 

HSF-IF.C.7e: Graph exponential and logarithmic functions, 
showing intercepts and end behavior, and trigonometric functions, 
showing period, midline, and amplitude. 

HSF-IF.C.8b: Use the properties of exponents to interpret 
expressions for exponential functions. For example, identify percent
rate of change in functions such as y = (1.02)t, y = (0.97)t, y = 
(1.01)12t, y = (1.2)t/10, and classify them as representing 
exponential growth or decay.  

HSF-BF.B.3:  Identify the effect on the graph of replacing f(x) by 
f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both 
positive and negative); find the value of k given the graphs. 
Experiment with cases and illustrate an explanation of the effects 
on the graph using technology. 

HSF-LE.A.1: Distinguish between situations that can be modeled 
with linear functions and with exponential functions. 

HSS-ID.B.6a: Fit a function to the data (including with the use of 
technology); use functions fitted to data to solve problems in the 
context of the data. Use given functions or choose a function 
suggested by the context. 

HFS-LE.A.2: Construct linear and exponential functions, including 
arithmetic and geometric sequences, given a graph, a description of 
a relationship, or two input-output pairs (include reading these from
a table).  

HFS-LE.B.5: Interpret the parameters in a linear or exponential 
function in terms of a context. 



Formative/Summative Assessments: 

There will be no Formative or Summative Assessments during 
this stage. There will be informal assessments throughout while 
working on 6.3 Notes. My students will be assigned problems to 
individually complete, and I will check their work and provide 
individualized feedback. 

Resources/Materials: 

- 6.3 Notes
- Desmos Graphing Calculator
- Pencil

Materials
- Pencil
- Eraser
- Whiteboards
- Chromebook
- 6.3 Notes
- 6.1 Exit Ticket

Summative Assessment

5E Details of 5E Lesson Implementation

Evaluate

Instead of a 
traditional 
Summative 
Assessment to 
end the unit, a 
more effective 
way to see if 
students 

Procedure: 

Once my students receive the assessment, they can begin. They 
will have the entire block to complete the assessment. If students 
need more time, they can be assigned a fixed amount of time for 
the next block. Each student will be independently working on 
their own assessment. 

Modifications: 



mastered all of 
the objectives in
the unit are to 
have them 
complete a more
complex End of 
Unit 
Assessment. 
This assessment 
may have less 
problems then a 
traditional test, 
but it may take 
longer to 
complete 
because each 
question 
requires students
to show 
conceptual 
understanding, 
critical thinking 
and problem-
solving. It does 
not just assess 
on 
computational 
ability. Some of 
the questions are
open-ended, 
there are open-
middle 
problems, and 
the last question 
requires students
to apply their 
knowledge of 
exponential 
functions to a 
real-world 
context. 

- Some students will complete the assessment with the 
guidance of the in-class support outside the classroom. 

- Scientific calculators provided for student if stated in their
IEP

Standards Addressed: 

HSF-BF.B.3:  Identify the effect on the graph of replacing f(x) by 
f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both 
positive and negative); find the value of k given the graphs. 
Experiment with cases and illustrate an explanation of the effects 
on the graph using technology. 

HSF-LE.A.1: Distinguish between situations that can be modeled 
with linear functions and with exponential functions. 

HSS-ID.B.6a: Fit a function to the data (including with the use of 
technology); use functions fitted to data to solve problems in the 
context of the data. Use given functions or choose a function 
suggested by the context. 

HFS-LE.A.2: Construct linear and exponential functions, including
arithmetic and geometric sequences, given a graph, a description 
of a relationship, or two input-output pairs (include reading these 
from a table).  

HFS-LE.B.5: Interpret the parameters in a linear or exponential 
function in terms of

Summative Assessments:

Screenshots for the Unit 6 Summative Assessment are attached 
below: 











Resources: 

- Unit 6 Summative Assessment
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