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UNIT TITLE
: Introduction to Functions
GRADE LEVEL : 11th -12th

TEACHER
UNIT LENGTH

: M. Geraldino
: 45 minutes X 20 periods

UNIT OVERVIEW
In this unit, students will study the properties of functions and extend their knowledge of linear relationships through
the study of inverse functions, and composite functions. They will analyze the graphs of function in terms of
intercepts, minima, and maxima, explore extreme values of functions in contextual situations, model contextual
situations using functions, and interpret expressions for functions in terms of the situation they model.

COMMON CORE STANDARDS ASSESSED
A.CED.1 Create equations in one variable and use them to solve problems.
A-CED.2. Create equations in two or more variables to represent relationships between quantities.
F-IF.1 Understand that a function from one set (called the domain) to another set (called the range) assigns to each
element of the domain exactly one element of the range. If f is a function and x is an element of its domain,
then f(x) denotes the output of f corresponding to the input x. The graph of f is the graph of the equation y =
f(x).
F-IF.2 Use function notation, evaluate functions for inputs in their domains, and interpret statements that use
function notation in terms of a context.
F-IF.4 For a function that models a relationship between two quantities, 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.
F-IF.5 Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it
describes.
F-IF.7 Graph functions expressed symbolically and show key features of the graph, by hand in simple cases and using
technology for more complicated cases.★
a. Graph linear and quadratic functions and show intercepts, maxima, and minima.
F-BF.1 Write a function that describes a relationship between two quantities.★
 Combine standard function types using arithmetic operations.
(+) Compose functions.
F-BF.4 Find inverse functions.★
 Solve an equation of the form f(x) = c for a simple function f that has an inverse and write an expression for
the inverse.
 (+) Verify by composition that one function is the inverse of another.
 Read values of an inverse function from a graph or a table, given that the function has an inverse.
MP.1 Make sense of problems and persevere in solving them.
MP.2 Reason abstractly and quantitatively.
MP.4 Model with mathematics.
MP.6 Attend to precision.
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ENDURING UNDERSTANDINGS:
EU1: Functions are used to model real-world
phenomenon that describes the dependence of
one physical quantity on another.
EU2: A solid understanding of functions is essential
for the study of all the STEM disciplines.

CONTENT:
Functions
 Definition
 Notation
 Evaluating Functions
 Domain
 Range
 Composition
 Inverse Function
Multiple Representations






Equation
Graphs
Intercepts
Maximum
Minimum

ESSENTIAL QUESTIONS:
EQ1: How can I analyze functions to determine their
properties?
EQ2: To what extent does my knowledge of functions help
me model a real-world phenomenon?

SKILLS:
 Identify a function from a graph or equation and state
its domain and range.
 Use functional notation to evaluate a function by
substituting a given expression for given values in the
domain.
 Graph functions and describe their key features
including intercepts, maxima, and minima.
 Add, subtract, multiply, and divide functions.
 Compose functions and explain the process of
composing functions.
 Solve an equation of the form f(x) = c for a simple
function f that has an inverse, write an expression for
the inverse, and explain the steps involved in the
process.
 Use composition to justify that a function is the inverse
of another.
 Perform transformations of functions: translations,
stretches, or shrinks, and reflections.

Modeling with Functions

 Model written descriptions of physical situations using
functions and explain precise information about the
contextual situation being modeled.
 Analyze graphs of functions and solutions generated
using a graphing calculator within a viewing window.
 Explain correspondences between equations, verbal
descriptions, and graphs of functions in a contextual
problem and use content vocabulary in explanations.
 Calculate accurately and efficiently and express
numerical answers with a degree of precision
appropriate for the problem context.
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KEY TERMS/VOCABULARY
 Piecewise-defined functions
 Absolute Value Function
 Quadratic Functions






Domain and Range
Intercepts, Maxima, Minima
Composite Function
Inverse Function

ASSESSMENT EVIDENCE AND ACTIVITIES
ENTRY-LEVEL ASSESSMENT
Students begin the unit by answering a Getting Ready Problem using the Think-Puzzle-Explore thinking routine. This
activity assesses what students know and understand about functions and their domains and the graphic solution to a
system of two linear equations. Those who have difficulty with the concepts covered in the entry-level task will be
given Getting Ready Practice Activities. As the unit progresses, students and the teacher can reflect upon how new
ideas and procedures might apply to the initial task. See the task Think-Puzzle-Explore for details.

FORMATIVE ASSESSMENT
The Great Shoe Sale:
This CCLS-aligned formative assessment aims to assess students’ ability to write a function that represents the price of
a pair of shoes after a discount is applied, write composite functions for the two types of shoe discounts, and use the
composite function to justify which of the two deals is the better option. Students are also required to relate the
domain of the composite function to the quantitative relationship it describes. See the task The Great Shoe Sale for
full details.

FINAL PERFORMANCE TASK: Minimizing the Metal in a Can
At the end of the unit, students will be given the Minimizing the Metal in a Can Performance Task to determine how
they have improved their thinking and mathematical skills over the course of the instructional unit. This task requires
students to model written descriptions of physical situations using functions, explain precise information about the
contextual situation being modeled, analyze graphs of functions and solutions generated using a graphing calculator,
use the appropriate viewing window on their graphing calculator to get the information they need, explain
correspondences between equations, verbal descriptions, and graphs of functions in a contextual problem, use
content vocabulary in explanations, and express numerical answers with a degree of precision appropriate for the
problem context. See the task Minimizing the Metal in a Can for full details.

TYPES OF ASSESSMENT
Type

Assessment

Learning Target Alignment

Think-Puzzle-Explore

F-IF.1, F-IF.4, A.CED.1, A.CED.2

Entry-Level

Recall, Skill/Concept

The Great Shoe Sale

EQ2, A.CED.1, F.BF.1, F.IF.2, F-IF.5, MP.1, MP.2, MP.3

Formative

Strategic Thinking

Discussion Technique

EQ1, EQ2, EU1, EU2

Formative

Recall, Skill/Concept

MC Questions:
Quizzes

F.BF.1, F.BF.3, F.BF.4, F.IF.1, F-IF.2, F.IF.4, F-IF.5, F-IF.7

Formative

Recall, Skill/Concept,
Strategic Thinking

Homework
Assignments

F.BF.1, F.BF.3, F.BF.4, F.IF.1, F-IF.2, F.IF.4, F-IF.5, F-IF.7

Formative

Recall, Skill/Concept
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Regents Prototype
Mid- & End-Unit Tests

F.BF.1, F.BF.3, F.BF.4, F.IF.1, F-IF.2, F.IF.4, F-IF.5, F-IF.7

Summative

Recall, Skill/Concept,
Strategic Thinking

Performance Task

F.BF.1, F-IF.2, F.IF.4, F-IF.5, F-IF.7, MP.1, MP.2, MP.3,
MP.5, MP.6

Summative

Strategic Thinking

LEARNING PLAN AND ACTIVITIES
Day 1: Initial Assessment:
Students begin the unit by answering the Getting Ready Problems using the Think-PuzzleExplore thinking routine. See the task Think-Puzzle-Explore for full details.
Day 2: What are Functions?
Students will:
1.
2.
3.
4.

Define functions and write functions in functional notation.
Use function notation to evaluate functions for given values in the domain.
Determine whether the equation defines y as a function of x.
Determine the domain and range of a function from its equation.

Day 3: Graphs of Functions
Students will :
1. Use the vertical line test to determine which curves are graphs of functions.
2. State the domain and range of functions from graphs.
3. Graph of piecewise-defined functions.
Day 4: Algebra of Functions: Sum and Difference of Functions
Students will :
1. Find the sum and difference of functions f and g.
2. Find the domains of f, g, f + g, and f – g.
Day 5: Algebra of Functions: Product and Quotient of Functions
Students will:
1. Find the product and quotient of functions f and g.
2. Find the domains of f, g, f g and f/g.
Day 6: Composition of Functions
Students will:
1. Explain how to compose functions f and g, graphically and algebraically.
2. Write the composite functions (f o g)(x) and (g o f)(x).
Day 7: Domain & Range of Composite Functions
Students will:
1. Compose functions f and g in the context of a problem.
2. Identify the domain and range of composite functions in the context of a problem.
Dr. M. Geraldino
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Day 8: One-to-One Functions and Their Inverses
Students will:
1. Show that a function f is not one-to-one by finding two points x1 x2 where f(x1) = f(x2).
2. Use the horizontal line test to determine if a function is one-to-one.
3. Find the inverse of a function algebraically and identify the domain and range of f-1.
Day 9: Composite and Inverse Functions
Students will:
1. Write a composite function in the context of a problem.
2. Use composition to justify that a function is the inverse of another.
Day 9: Formative Assessment Task : The Great Shoe Sale
Students will:
1. Write a function that describes the relationship between two quantities.
2. Create a composition of functions in the context of real-world applications.
3. Reason abstractly and quantitatively in the context of the problem.
Day 10: Regents Prototype Mid-Unit Test
Day 11: Extreme Values of Functions
Students will:
1. Express f(x) = ax2 + bx + c in vertex form and sketch the graph of f.
2. Find the maximum or minimum value of f.
Day 12: Applications: Extreme Values of Functions
Students will:
1. Write a function that describes the relationship between two quantities.
2. Find the maximum or minimum value of f in the context of a problem.
Day 13: Using Graphing Devices to Find Extreme Values
Students will :
1. Graph a function f using a graphing device.
2. State the viewing window used in the process.
2. Sketch the graph within the stated viewing window.
4. Find the approximate local maximum and minimum values of the function f.
Day 14: Focus on Modeling
Students will:
1. Write a function f that describes the relationship between quantities in the context of a problem.
2. Produce a graph of f, using a graphing device and within a viewing window, sketch the graph, and identify
its key features.
3. Find the minimum or maximum value of the function f using the TRACE feature of the graphing device.

Dr. M. Geraldino
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Day 15: Reflection: End-of-Unit Review
Students will :
1. Discuss the essential questions with peers and share how their understanding of the essential questions
has changed through studying the concepts in the unit.
2. Evaluate their own learning and recognize the strategies that work best for them.
3. Identify key concepts in the unit and set goals for addressing their weaknesses.
Day 16: Performance Task: Minimizing the Metal in a Can
Students will:
1. Write a function that represents the surface area of a cylindrical can.
2. Produce a graph of f using a graphing device, sketch the graph, and identify its key features.
3. State any restriction on the domain of the function f so that it represents the physical model of the can.
4. Find dimensions that will minimize the quantity of metal needed to manufacture the can.
5. Find the minimum value of the function f and interpret the result in the context of the problem.
Day 17: Student Presentations of their Performance Task Outputs
Day 18: Regents Prototype End-of-Unit Test

INSTRUCTIONAL SUPPORTS FOR ELLs






Graphic organizers, such as concept maps, KWLS chart
Use of technology, such as graphing calculators, computer-assisted homework assignments
Differentiated Instruction, Activating Prior Knowledge, Shared Reading
Think-Pair-Share and other Visible Thinking Tools
Predict and Confirm, Note Taking, Quickwrite

RESOURCES/TOOLS
Websites and Web-tools Used
 www.corestandards.org; www.jmap.org
 http://www.nystce.nesinc.com/PDFs/NY_fld004_prepguide.pdf
 http://www.trinitytutors.com/introductory_calculus.html
Textbooks/References/Materials Used
 Minimizing the Metal in a Can Performance Task; The Great Shoe Sale Formative Assessment Task
 K-W-L-S, Think-Puzzle-Explore, and Think-Pair-Share Charts from http://pzweb.harvard.edu/
vt/VisibleThinking_html_files/VisibleThinking1.html
 Algebra and Trigonometry (2001) by Stewart, et al.
 Study Guide for Stewart, Redlin, and Watson’s Algebra and Trigonometry (2001) by John A. Banks
 Springboard Mathematics with Meaning Algebra 2, 2010, p. 182
 NYC Taxi & Limousine Commission, 2012
 Assessment Task HS053.DOC, Balanced Assessment in Mathematics Project, 1995 , p. 3
 Rhode Island Department of Education (2007). Functions & Graphs: A Research-Based Unit of Study for High School
Teachers. Providence, pg. 6
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END-OF-UNIT TEACHER REFLECTION
During and after teaching the unit, I found the following developments as significant:
1. Pacing and Time Allotment. Results of the initial and formative assessments indicate that some topics need to be
taught more than one session to ensure students’ deep understanding of the core concepts and ability to do the skills
they were expected to demonstrate at the end of the unit. To address this major issue, the unit content was revised
during the piloting of the unit, i.e. transformation of functions was excluded from the topic outline. In the future, it
may be helpful to allot time for the teaching of key prerequisite concepts before teaching the core content.
2. Formative Assessment. Data on formative assessments reveal that majority of the students were able to apply and
explain composition of functions in the context of a shoe shopping problem. Students were able to evaluate which of
the options gave them a better deal using composite function and wrote about the meaning of their solution in the
context of the situation. Students, however, seem to generally struggle with writing composite functions based on a
word problem and to identify the domain of the composite functions. To address the issue, modeling a contextual
situation using functions and writing were embedded in most class or homework assignment.
3. Summative Assessments. The CCLS-aligned performance task required students’ deep understanding of the core
concepts and skills. To facilitate such understanding, students were exposed to group work, group discussion, writing
functions, and writing about their thinking right at the start of the unit. Use of a graphing device was also embedded
in each activity. Data reveal that a good number of students demonstrate proficiency in modeling a physical situation
using functions and with the help of a graphing device. Most of the students, though, still struggle with this skill.
4. Strategies. I need to brainstorm on more effective ways to encourage and nurture ‘accountable talk ‘among
students during group work and to use student “roles” as a group accountability tool. In a class of at least 25, I would
need a more efficient monitoring strategy to capture and address student misconception during independent and/or
guided class activity. Consistent modeling of the focused mathematical practices is necessary to instill in students the
expected mind and thinking habits in a math class.
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LESSON PLAN
Educator: M. Geraldino

Date:

Subject: Algebra 2 & Trigonometry

Grade: 11th-12th

Unit Title: Introduction to Functions

Lesson #: 2 of 20

Core Components
Topic/Focus:

What are Functions?

Target Unit Essential Question(s):

EQ1:

How can I analyze functions to determine their properties?

Enduring Knowledge &
Understandings:

EU1:

Functions are to model real-world phenomenon that describes
the dependence of one physical quantity on another.

Estimated Duration of Lesson:

45 minutes x 1 period

Targeted Lesson Standards:

F-IF.2

Use function notation, evaluate functions for inputs in their
domains, and interpret statements that use function notation
in terms of a context.

F-IF.5

Relate the domain of a function to its graph and, where
applicable, to the quantitative relationship it describes.

MP.2

Reason abstractly and quantitatively.

Targeted Lesson Essential Questions:
1. How do we identify and represent functions?
2. How do we determine whether the equation defines y as a function of x?
3. How do we determine the domain and range of a function from its equation?
4. How do we evaluate a function for selected elements in its domain?

Students will know….
• The definition of function,
dependent variable,
independent variable, domain,
and range.
• The multiple ways of function
representations: verbally,
algebraically, graphically, and
numerically.

Dr. M. Geraldino

Students will be able to….
•
•
•
•
•

Define functions and write functions in functional notation.
Evaluate functions for given values in the domain.
Determine whether the equation defines y as a function of x.
Determine the domain and range of a function from its equation.
Graph of piecewise-defined functions.
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LESSON PLAN DETAILS
What are Functions?
Structure
(Time Allotment)

Do Now Activity
(5-7 minutes)

Lesson 2 of 20

Learning Activities/Instruction

Check for Understanding and Engagement

(When students enter the room there will be a
scenario on the board or overhead).

While the students are answering the DN
activity, the teacher will circulate the room to
check the attendance and to take note of
students’ responses and strategies.

Students will answer this question* individually:
In New York City taxis costs $2.50 upon entry
and $0.40 per one-fifth of a mile. Write an
equation to show the relationship between the
fare y and the distance x travelled.
(Source: NYC Taxi & Limousine Commission, 2012)
Think-Pair-Share: After answering the questions
individually, students will share their responses
with neighbor(s). After reaching consensus, they
will form group responses. They will then share
these responses with the rest of class.

If students are struggling to come up with a
possible equation, encourage them to draw up
a table of values to see the relationship
between x and y. Have them look at successive
differences in the table.
Invite a mid level student to share his/her
group’s response. Ask a high-level student
from another group if he/she agrees with the
given answer and to support his/her
reasoning. The students should be able to
state that a correct equation is y = 2x + 2.5
where x is in miles and y in dollars.
A debriefing is conducted to make sure that all
students have the correct answer as they
progress through the activity.

Mini-Lesson
(7-10 minutes)

As students share their answers, the teacher will
point out similar responses and begin to relate
their answers to the concept of function as a way
to describe the dependence of one quantity (fare)
on another (distance). Explain that the equation
y=2x+2.50 may be written in functional notation
as f(x) = 2x + 2.50.

Have students present their table values and
relate these values to the terms input and
output of f(x).

Explain to students that during this lesson they
are going to be considering a number of similar
situations and thinking about algebraic functions
that can be used to model them.

Elicit from students the meaning of the slope 2
and the constant 2.5, using mathematical
terminology and in the context of the problem.

Explain to students that in this lesson they will
learn the following:

Encourage students to represent f(x) = 2x +2.5
as a set of ordered pairs, mapping, and graph.
Elicit from students the domain and range of
f(x).

 Four Ways to Represent Functions
 How to Determine if an Equation Represents a
Function
 How to Determine the Domain of a Function
from its Equation
 How to Evaluate Functions

Make sure that the connection is made
between the constant term and the y-intercept
of a line in slope-intercept form.

During the mini-lesson, the teacher will check
for student understanding by asking the class
the following targeted lesson essential
questions:
1) How do we identify and represent
functions?

Dr. M. Geraldino
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Introduce the academic vocabulary and the key
ideas of the lesson (Refer to p. 1 of the Student
Activity Sheet What are Functions?). The
worksheet may also be used as slides to write or
project the key ideas.

Collaborative
Activity
(20minutes))

In groups of 2 or 3, students will work on a
collaborative task “What are Functions? “ (Refer
to pp. 2-5 of the Student Activity Sheet What are
Functions?).
This collaborative activity is designed to make
students engage with each others’ thinking and
reasoning and to take responsibility for each
other’s learning of the targeted concepts.
Instruct students to follow the activity questions
in order.
After the groups have answered questions 1-5,
ask some volunteer groups to share their
answers. Allow for a whole-class discussion on the
answers to Questions 1–5.
Have the students review the example in
Question 6, allow for questions and then instruct
the students to answer Questions 6a-6b.
For questions 7a-7d, it may help if the teacher is
going to model first one of the problems.

2) How do we determine whether the
equation defines y as a function of x?
3) How do we determine the domain of a
function from its equation?
4) How do we evaluate a function for
selected elements in its domain?
While the students work on Questions 1-5,
the teacher circulates the room and takes
notes as to where students get stuck, their
approach and strategies in solving the task,
how they interpret the problem/task, and the
like.
Encourage students to solicit ideas from each
member of the group.
Each group should present their answers to
Questions 4-5.
Have students show their solutions to
Questions 6a-6b on the board and discuss
how they obtained their answers.
Move around the room and encourage
students to refer back to the definitions of
domain and range. Ask students questions
that would help them clarify their thinking
and prompt them to think and reason more
deeply.
Discuss the answers to Questions 7a-7d as a
class.

Wrap Up
(3-5 minutes)

Students will respond to the following questions
on a sheet of paper:
 What was the most important concept of the
lesson?
 What questions remain unanswered in your
mind?

Dr. M. Geraldino
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of paper and given to the teacher when leaving
the room.
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the students understood the concepts, allowing
for possible alterations for next day’s lesson.
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Student Activity Sheet
1. Consider the two sets of ordered pairs below. In each case, determine whether S is a function and
then identify its domain and range.
a. S = {(-1, 3), (0, 4), (2, 3), (5, 8)}

b. S = {(-1, 3), (0, 3), (2, 3), (5, 3)}

Is S a function? Why or why not? Justify your
reasoning.

Is S a function? Why or why not? Justify your
reasoning.

___________________________________

____________________________________

____________________________________

____________________________________

____________________________________

____________________________________

Domain = {
Range = {

}
}

Domain = {
Range = {

2. Find the values of f defined by the equation f (x) = 2x + 2.50.
(a) f(0)
(b) f(2)
(c) f(3.5)
(d) f(5)

}
}

(e) f(7)

3. Use the values for x and f(x) in item 2. Display the values using each representation.
a. list of ordered pairs

b. mapping

b. table of values

d. graph

Note: Questions 1 & 2 are taken from www.jmap.org

Dr. M. Geraldino
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4. Suppose that a ball has been thrown into the air. Its height, in feet, after t seconds is given by the
equation h(t) = -16t2 + 40t + 5. To find the height, h, at any time, t, we input the value t into the
equation.
Source: http://www.trinitytutors.com/introductory_calculus.html

a. Complete the input-output table below.
Time, t

Height, h(t)

(t, h(t))

0
0.5
1
1.25
2
2.619

b. What does h (1.25) = 30 tell you about the ball? Explain your reasoning.

c. Is the height of the ball a function of time? Explain how you know.

d. Is the time of the ball a function of height? Explain your reasoning.

5. Equations that Define Functions: An equation is a mathematical way of looking at the relationship
between concepts or items. These concepts or items are represented by what are called variables. An
equation that gives one value of y for each value of x defines y as a function of x.
Function or Not?
Does the equation x = y2 + 4y - 7 describe a function? Give an argument supporting the
response “yes,” and an argument supporting the response “no.”
(Adapted from, Assessment Task HS053.DOC, Balanced Assessment in Mathematics Project, 1995 , p. 3)

________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________.

Dr. M. Geraldino
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6. Evaluating a function at an expression: You may also use an expression as the input to a function,
rather than just a number.
Example: Suppose f(x) = 5x2 + 3x and you want to find f(x + h). To do this, you substitute “x + h”
everywhere that the formula has an “x”. Don’t forget the parentheses!
f(x) = 5x2 + 3x
f( ) = 5( )2 + 3(

)

f(x + h) = 5(x + h)2 + 3(x + h)
= 5(x2 + 2xh + h2) + 3x + 3h
= 5x2 + 10xh + 5h2 + 3x + 3h
a. Given f(x) = 5x2 + 3x, find f(x + h) - f(x). Show
your work.

Dr. M. Geraldino
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LESSON PLAN
Educator: M. Geraldino

Date:

Subject: Algebra 2 & Trigonometry

Grade: 11th-12th

Unit Title: Introduction to Functions

Lesson #: 3 of 20

Core Components
Topic/Focus:
Target Unit Essential Question(s):

Graphs of Functions?

Enduring Knowledge & Understandings:

EU1: Functions are to model real-world phenomenon that describes the
dependence of one physical quantity on another.

EQ1:

Estimated Duration of Lesson:
Targeted Lesson Standards:

How can I analyze functions to determine their properties?

45 minutes x 1 period
F-IF.4

For a function that models a relationship between two
quantities, 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.

F-IF.5

Relate the domain of a function to its graph and, where
applicable, to the quantitative relationship it describes.

F-IF.7

Graph functions expressed symbolically and show key features
of the graph, by hand in simple cases and using technology for
more complicated cases.★

MP.2

Reason abstractly and quantitatively.

Targeted Lesson Essential Questions:
1. How do we determine which curves are graphs of functions?
2. How do we determine the domain and range of a function from its graph?
3. How do we graph piecewise-defined functions?
Students will know….

Students will be able to…

•
•
•
•
•

• Use the vertical line test to determine which curves are graphs of
functions.
• Determine the domain and range of a function from its graph.
• Graph of piecewise-defined functions.

Dependent variable
Independent variable
Domain & range from graphs
Piecewise defined function
The vertical line test and its use

Dr. M. Geraldino
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LESSON PLAN DETAILS
Graphs of Functions
Structure
(Time Allotment)

Do Now Activity
(5-7 minutes)

Lesson 3 of 20

Learning Activities/Instruction

Check for Understanding and Engagement

(When students enter the room there will be a
scenario on the board or overhead).

While the students are answering the DN activity,
the teacher will circulate the room to check the
attendance and to take note of students’
responses and strategies, i.e. where they get
stuck, how they go about completing the task

Students will answer this question individually:
Let

f ( x)  x  x 2  1 .

Rewrite

f ( x  h)  f ( x)
as a simplified sum.
h

(Source: CCNY Precalculus Final Exam, Q. 17)

Mini-Lesson
(7-10 minutes)

A debriefing is conducted to make sure that all
students have the correct answer as they
progress through the activity.

As students share their responses, the teacher
will point out common conceptual and
computational errors.

During the mini-lesson, the teacher will check
for student understanding by asking the class
the following targeted lesson essential
questions:

Introduce the academic vocabulary and the key
ideas of the lesson (Refer to p. 1 of the Student
Activity Sheet Graphs of Functions).
In groups of 2 or 3, students will work on a
collaborative task “Graphs of Functions “(Refer to
pp. 2-9 of the Student Activity Sheet Graphs of
Functions).
This collaborative activity is designed to make
students engage with each others’ thinking and
reasoning and to take responsibility for each
other’s learning of the targeted concepts.
Instruct students to follow the activity questions
in order.

Dr. M. Geraldino

Encourage students to explain their solution in
detail.

Think-Pair-Share: After answering the questions
individually, students will share their responses
with neighbor(s). After reaching consensus, they
will form group responses. They will then share
these responses with the rest of class.

Explain to students that during this lesson they
are going to learn how to determine which curves
are graphs of functions, how to determine the
domain and range of functions from their graphs,
how to graph piecewise defined functions, and
how to interpret algebraic functions in terms of
the context in which they arise.

Collaborative
Activity
(20minutes))

Invite the groups to share their responses.

Introduction to Functions

1) How do we determine which curves are
graphs of functions?
2) How do we determine the domain and
range of a function from its graph?
3) What are the properties of parent
functions?
4) How do we graph piecewise defined
functions?

While the students work on Questions 1-5, the
teacher circulates the room and takes notes as to
where students get stuck, their approach and
strategies in solving the task, how they interpret
the problem/task, and the like.
Encourage students to solicit ideas from each
member of the group.
Encourage students to share their responses to
Questions 1-5.
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After defining piecewise-defined functions,
students are asked to answer Question 6. Conduct
a whole-class discussion on the answers to
Question 6 and then instruct the students to
answer Question 7.
In graphing this piecewise-defined function in
Question 7, students are introduced to the absolute
value function.

As students complete the table, make sure that
they are using the correct rule for the given
domain values.
Remind students that defining the domain and
range for a piecewise-defined function requires
looking not only at the function rules and their
restricted domains, but also at their graph for the
range values. Make sure that students can
correctly graph a piecewise-defined function.

For questions 8a-8d, it may help if the teacher is
going to first review the concepts of domain and
range, zeroes, odd or even, increasing or
decreasing, form of every coordinate pair, and the
like.

Have students show their solutions to Questions
7a-c on the board and discuss how they obtained
their answers. Ensure that students clearly
understand absolute value as a piecewise-defined
function.

Instruct students to answer Questions 8a-8d and
9a-c. Each group must share their responses to the
questions. Discuss the answers as a class.

Move around the room and encourage students
to refer back to the properties they discovered
for the parent functions in Questions 1, 6c, and
7d.
Circulate the room and take note of students’
approaches and difficulties, i.e. where they get
stuck, how they go about completing the task,
how they interpret the situations, etc.
Ask students questions that would help them
clarify their thinking and prompt them to think
and reason more deeply.

Wrap Up
(3-5 minutes)

Students will respond to the following questions
on a sheet of paper:
 What was the most important concept of the
lesson?
 What questions remain unanswered in your
mind?

Dr. M. Geraldino
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Student responses will be recorded on a sheet of
paper and given to the teacher when leaving the
room.
The teacher will use student responses as a means
of formative assessment to determine if the
students understood the concepts, allowing for
possible alterations for the lesson on day three.
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Student Activity Sheet
1. If f(x) = -5, find the domain and range of f, sketch the graph of f and describe its properties.
Graph
Domain = {

}

Range = {

}

Describe the graph of f(x) =-5 on the right.
Identify as many characteristics as possible.

2. The accompanying graph shows the elevation
of a certain region in New York State as a
hiker travels along a trail.

3. The effect of pH on the action of a certain
enzyme is shown on the accompanying graph.

What is the domain of this function?

What is the domain of this function?

______________________________

______________________________

Dr. M. Geraldino
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3. The accompanying graph shows the heart
rate, in beats per minute, of a jogger during
a 4-minute interval.

5. A meteorologist drew the accompanying graph to
show the changes in relative humidity during a 24hour period in New York City.

What is the range of the jogger's heart rate
during this interval?

What is the range of this set of data?
_____________________________

______________________________

4. On January 1, a share of a certain stock cost $180. Each month thereafter, the cost of a share of this stock
decreased by one-third. If x represents the time, in months, and y represents the cost of the stock, in dollars,
which graph best represents the cost of a share over the following 5 months? Explain how you figure out the
answer.

a)

b)
Dr. M. Geraldino

c)

d)
Introduction to Functions
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5. Use the Vertical Line Test to determine which curves are graphs of functions x.
a.

e.

b.

f.

c.

g.

d.

h.

Note: Questions 2-4 & graphs 5a-5h were taken from www.jmap.org

Dr. M. Geraldino
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6. Consider the piecewise-defined function

a) Evaluate f(x) at x = -1, 0, 1, 2, 3.

b) Sketch the graph of the piecewise-defined function f.

c) What is the domain and range of f(x)?

d) Describe the graph of f(x) above. Identify as many characteristics as possible.

Dr. M. Geraldino
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7. Complete the table and graph the piecewise-defined the function below. Identify the domain and
range of the function and describe the properties of the graph of f(x).

a)

b)
x

f(x)

(x, f(x))

0
1
2
3
4
5

c. Describe the graph of f(x) as shown above. Identify as many characteristics as possible.

Dr. M. Geraldino
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8.

Suppose that a ball has been thrown into the air. Its height, in feet, after t seconds is given by the
equation h (t) = -16t2 + 40t + 5.
Source: http://www.trinitytutors.com/introductory_calculus.html

a. Complete the input-output table below. (Refer to your solutions in What are Functions, item 4).
Time, t

0

0.5

1

1.25

2

2.619

(t, h(t))
b. Is x a discrete or continuous variable? Why?
c. Is y a discrete or continuous variable? Why?
d. Graph h (t).

e. Describe the properties of h (t).

Dr. M. Geraldino
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LESSON PLAN
Educator: M. Geraldino

Date: 10/22/12

Subject: Algebra 2 & Trigonometry

Grade: 11th-12th

Unit Title: Introduction to Functions

Lesson #: 12 of 20

Core Components
Topic/Focus:

Extreme Values of Functions

Target Unit Essential
Question(s):

EQ1:

How can I analyze functions to determine their properties?

EU1:

Functions are to model real-world phenomenon that describes the
dependence of one physical quantity on another.

Enduring Knowledge &
Understandings:
Estimated Duration of
Lesson:
Targeted Lesson
Standards:

1 class period x 45 minutes per class period
F-IF.2
F-IF.4

MP.1
MP.2

Use function notation, evaluate functions for inputs in their domains, and
interpret statements that use function notation in terms of a context.
For a function that models a relationship between two quantities, 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.
Make sense of problems and persevere in solving them.
Reason abstractly and quantitatively.

Targeted Lesson Essential Questions:
1. How do we find the x-and y-intercepts, the equation of the axis of symmetry, and the vertex of a quadratic
function?
2. How do we determine whether the function has a maximum or minimum value, algebraically and graphically?
3. How do we determine the extreme value of quadratic functions?
4. How do we sketch the graph of a quadratic function?

Students will know….

Students will be able to….

• The definition of extreme value, x- and y-intercepts,
vertex, axis of symmetry, maximum value, minimum
value.
• How to determine the maximum or minimum value
of quadratic function algebraically and graphically.
• How to
• How to sketch graphs showing key features and
interpret the key features terms of the variables.

Dr. M. Geraldino

• Solve for the x- and y-intercepts and of a quadratic
function.
• Sketch the graph of quadratic functions.
• Evaluate functions for given values in the domain.
• Determine algebraically whether a function has a
maximum or minimum value.
• Explain the key features of the graphs of quadratic
functions in a contextual problem and use content
vocabulary in explanations.

Introduction to Functions
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LESSON PLAN DETAILS
Extreme Values of Functions
Structure
(Time
Allotment)

Do Now
Activity
(5-7 min)

Lesson 12 of 20

Learning Activities/Instruction
(When students enter the room there will be a
scenario on the board or overhead).
Activating Prior Knowledge: Students will
answer this question individually:
2

“Write the f(x) = x - 4x - 4 in vertex form. Then
identify the vertex.”
Think-Pair-Share: After answering the question
individually, students will share their responses
with seatmates. After reaching consensus, they
will share these responses with the rest of class.

MiniLesson
(10-15 min)

Check for Understanding and Engagement
While the students are answering the DN activity, the
teacher will circulate the room to check the attendance and
to take note of students’ responses and strategies.
If students are struggling to come up with a possible
equation, encourage them to refer to their previous notes.
Invite a mid level student to share his/her group’s
response. Ask a high-level student from another group if
he/she agrees with the given answer and to support
his/her reasoning. The students should be able to state that
2
a correct equation is y = (x-2) – 8 and vertex is (2, -8).

As students share their answers, the teacher will
explain that there is another process to find the
vertex of a parabola. Explain to students that
finding points where functions achieve extreme
values is important in many applications.

Elicit from students how A(x) is obtained and what
expressions represent the dimensions of the garden.

Explain to students that in this lesson they will
learn the following:

Elicit from students how to find the x-coordinate of the
vertex, determine its value, and the meaning of the value,
using mathematical terminology and in the context of the
problem.

 How to find the maximum or minimum
value of quadratic functions using the
equation of axis of symmetry.
 How to sketch the graph of quadratic
functions using the x- and y-intercepts,
vertex, and reflection of y-intercept over
the axis of symmetry.
 How to interpret the key features of the
function in terms of a situational context.
Introduce the academic vocabulary and the key
ideas of the lesson (Refer to the Key
Ideas/Vocabulary Worksheet). The worksheet
may also be used as slides to write or project the
key ideas.
Model the lesson using an application problem
(Refer to the Student Worksheet Extreme Values
of Functions: Mini-Lesson Activity).

Dr. M. Geraldino

Make sure that the connection is made between the
dimensions and the area function A(x).

Encourage students to evaluate A(x) using the x-coordinate
of the vertex, and explain the meaning of the y- value,
using mathematical terminology and in the context of the
problem.
Elicit from students the difference between maximum
value of A(x) and maximum point of A(x).
During the mini-lesson, the teacher will check for student
understanding by asking the class the following targeted
lesson essential questions:
5) How do we find the x-and y-intercepts, the equation of
the axis of symmetry, and the vertex of a quadratic
function?
6) How do we determine whether the function has a
maximum or minimum value, algebraically and
graphically?
7) How do we determine the extreme value of quadratic
functions?
8) How do we sketch the graph of a quadratic function?

Introduction to Functions
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Group
Activity
(20 min)

In groups of 4, students will work on a
collaborative task that requires them to apply
the key ideas learned during the mini-lesson in
solving a manufacturing application problem
(Refer to the Student Activity Sheet Extreme
Values of Functions: Collaborative Activity).
This collaborative activity is designed to make
students engage with each others’ thinking
and reasoning and to take responsibility for
each other’s learning of the targeted concepts.
Instruct students to follow the activity
questions in order.

Wrap Up
(2-3 min)

While the students work on Questions 1-2, the teacher
circulates the room and takes notes of students’
approaches and difficulties, i.e. where they get stuck, how
they go about completing the task, how they interpret the
situations, etc.
Encourage students to solicit ideas from each member of
the group.
Move around the room and encourage students to refer
back to the Mini-Lesson Activity and Key Ideas Worksheets.
Ask students questions that would help them clarify their
thinking and prompt them to think and reason more
deeply.

After the groups have answered questions 1-2,
ask some volunteer groups to share their
answers.

Volunteer groups will present their answers to Questions 12.

Allow for a whole-class discussion on the
answers to Questions 1–2.

Students are encouraged to discuss/critique the groups’
answers to the Collaborative Activity.

Students will respond to the following
questions on a sheet of paper:
 What was the most important concept of the
lesson?
 What questions remain unanswered in your
mind?

Dr. M. Geraldino

Student responses will be recorded on a post-it and given
to the teacher when leaving the room.
The teacher will use student responses as a means of
formative assessment to determine if the students
understood the concepts, allowing for possible alterations
for the lesson on day two.
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Assessments &
Performance Task

FUNCTIONS: ENTRY-LEVEL ASSESSMENT

Getting Ready Problems
1. In a classroom discussion about functions, Amy
Diane concluded that any two functions defined by the same rule
are equivalent. Do you agree? Why or why not?
2. Solve the following equation and check your solution.
3x + 7 = 5x + 1
If you were to graph f (x) = 3x + 7 and g(x) = 5x +1 where would f intersect g? Explain how you know.
_______________________________________________________
(Adapted from Rhode Island Department of Education (2007). Functions & Graphs: A
Research-Based Unit of Study for High School Teachers. Providence, pg. 6)

What do you think you know?

Dr. Marietta Geraldino

What puzzles you?

What could you explore?
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FORMATIVE ASSESSMENT

Use the information below to complete the task that follows.
Macy’s is offering a huge selection of
designer shoes in its The Great Shoe
Sale promo. The store is advertising
an extra 30% off when you buy three
(3) or more pair of shoes, extra 20%
off when you buy two (2) pairs, or an
extra 15% off when you buy one (1)
pair. As a loyal customer, you have a
star rewards pass that entitles you
with an additional $20 off for the
purchase of any item that costs $50
or more.
www.macys.com

1. Using the information above, write a function f(x) that represents the
price of a pair of shoes after the $20 off rewards pass is applied. What
is the domain of f(x)? Explain your reasoning.

2. Write a function g(x) that represents the price of the same pair of shoes
after the 15% discount is applied. Show in detail how you arrived at
your answer.

Dr. Marietta Geraldino
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FORMATIVE ASSESSMENT

3. Compose functions f(x) and g(x) to represent the price of the pair of
shoes when the $20 discount is applied first. Show in detail how you
arrived at your answer.

4. Write the composite function that represents the price of the pair of
shoes when the 15% discount is applied first. What are the domain and
range of this composite function? Explain your reasoning.

5. Which order of discounts gives you a better deal? Justify your
reasoning by evaluating f(g(x)) and g(f(x)) at x= $120.

Dr. Marietta Geraldino
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FORMATIVE ASSESSMENT

TASK OVERVIEW
This is a CCLS aligned formative assessment task for a 3-4 week unit on algebra that uses functions as
mathematical models to describe a relationship between two quantities. Students will determine the
relationship between two functions to create a composition of functions and reason abstractly and
quantitatively to explain their thinking in the context of the problem. This task can be solved in a 45minute period.

TASK DETAILS
Task Name : The Great Shoe sale
Grade
: High School
Subject
: Algebra 2 & Trigonometry
Task Description: This task asks students to write a function that represents the price of a pair of shoes
after a discount is applied, write composite functions for two types of shoe discounts, and use the
composite function to justify which of the two deals is the better option. Students are also required to
relate the domain of the composite function to the quantitative relationship it describes.
Depth of Knowledge: This task falls under Strategic Thinking (DOK Level 3) in Webb’s Depth of Knowledge.
This task requires students to apply mathematical concepts and skills in solving a situational problem using
composite functions and to explain their thinking in the context of the problem.
Standards Assessed:
A.CED.1 Create equations in one variable and use them to solve problems. Include equations arising from
linear and quadratic functions.
F.BF.1

Write a function that describes a relationship between two quantities.
(+) Compose functions.

F.IF.2

Use function notations, evaluate functions for inputs in their domains, and interpret statements
that use function notation in terms of a context.

F-IF.5

Relate the domain of a function to its graph and, where applicable, to the quantitative
relationship it describes.

MP.1

Make sense of problems and persevere in solving them.

MP.2

Reason abstractly and quantitatively.

MP.3

Model with mathematics.
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FORMATIVE ASSESSMENT

RUBRIC

THE GREAT SHOE SALE SCORING GUIDE
The elements of performance required by this task are:






1.

A correct expression for the function f(x) is obtained and its domain is correctly
stated.

A correct expression for the function g(x) is obtained and the solution is clearly
presented.

Obtains the correct composite function g(f(x) and clearly presents the steps used to
compose functions.

1
1

2

2

2

Obtains a correct expression for the composite function f(g(x) and states its domain
and range.
The correct expression for the composite function f(g(x)) is obtained and the steps
used in composing f(x) and g(x) are clearly presented.
The domain and range for f(g(x)) are correctly determined.

5.

1
1

The correct expression for the composite function g(f(x)) is obtained.
The steps used in composing f(x) and g(x) are clearly presented.
4.

1
1

The correct expression for g(x) is obtained.
The steps used in finding g(x) are clearly presented.
3.

Section Points

Creates equations in one variable and use them to solve problems.
Writes a function that describes a relationship between two quantities.
Ability to compose functions.
Uses function notation and evaluates functions for inputs in their domains.
Interpret statements that use function notation in terms of a context.
Relates the domain of a function to the quantitative relationship it describes.

The correct expression for f(x) is obtained and solution is shown.
The domain for f(x) are correctly determined and defined.
2.

Points

States correctly the order of discounts that gives the better deal and justifies the
response algebraically by evaluating the composite functions at the specified x-value.
Evaluates correctly the composite function f(g(x)) for the specified value of x.
Evaluates correctly the composite function g(f(x)) for the specified value of x.
Total Points

1
1

2

1
1

2

10

Performance Level Descriptions and Cut Scores
Performance is reported at four levels: 1 through 4, with 4 as the highest.
Level 4: Achieves Standards at a High Level (8-10 points)

Level 2: Performance below Standard (4-5 points)

Level 3: Performance at Standard (6-7 points)

Level 1: Demonstrates Minimal Success (0-3 points)

Dr. Marietta Geraldino
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PERFORMANCE TASK

2. Using a graphing calculator, produce a graph of S(r) that shows the
intercepts and extrema of the function over the set of real numbers.
Sketch the graph you obtained, identify its key features, and state
the calculator window you used.

3. State any restriction on the domain of the function S(r) so that it
represents the physical model of the can.

Dr. Marietta Geraldino
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PERFORMANCE TASK

4. Using the TRACE feature of your graphing calculator, find the
dimensions of the can to the nearest tenth of a centimeter that will
minimize the quantity of metal needed to manufacture the can.

5. Find the minimum value of the function S(r), to the nearest square
centimeters, and interpret the result in the context of the problem.
Show your work and explain the steps you used to obtain your
answer.

Dr. Marietta Geraldino
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PERFORMANCE TASK

TASK OVERVIEW
This is a CCLS aligned culminating task for a 4-week unit on algebra that uses functions as mathematical
models to describe the dependence of one physical quantity on another. Using a graphing device, students
will interpret key features of the graphical representation of functions and sketch graphs showing key
features given a verbal description of the relationship. Students who demonstrate mastery of the unit are
able to solve the task in one class period.

TASK DETAILS
Task Name : Minimizing the Metal in a Can
Grade
: High School
Subject
: Algebra 2 & Trigonometry
Task Description: This task requires students to model written descriptions of physical situations using
functions, interpret the domain of the function in terms the contextual situation being modeled, use a
graphing device to interpret key features of the graphical representation of functions, and sketch graphs
showing key features including intercepts and extrema.
Depth of Knowledge: This task falls under Strategic Thinking (DOK Level 3) in Webb’s Depth of Knowledge.
The task requires student’s coordination of knowledge and skill from multiple subject-matter areas to
carry out processes and reach a solution in a project-based setting. It also asks students to reason
abstractly and quantitatively.
Standards Assessed:
F.BF.1
F.IF.2
F-IF.4

F-IF.5
MP.1
MP.2
MP.4
MP.6

Write a function that describes a relationship between two quantities.
Use function notations, evaluate functions for inputs in their domains, and interpret statements
that use function notation in terms of a context.
For a function that models a relationship between two quantities, 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.
Relate the domain of a function to its graph and, where applicable, to the quantitative
relationship it describes.
Make sense of problems and persevere in solving them.
Reason abstractly and quantitatively.
Model with mathematics.
Attend to precision.
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PERFORMANCE TASK
RUBRIC

MINIMIZING THE METAL IN A CAN SCORING GUIDE
The elements of performance required by this task are:





1.

2.

4.

5.

Section Points

Writes a function that describes a relationship between two quantities.
Evaluates functions for inputs in their domains and interprets statements that
use function in terms of a context.
Interpret key features of graphs of functions and sketches graphs of functions
showing key features.
Relates the domain of a function to its graph and, where applicable, to the
quantitative relationship it describes.
Uses functions as mathematical models to find maximum or minimum value of
the quantity being modeled.

The surface area of the can, S(r), is correctly derived in terms of r.
The formula for the volume of the can is appropriately set equal to 1000 and
accurately solved for h.
The function for h, derived from volume, is appropriately substituted into S(r).
S(r) is accurately simplified.
The graph of S(r) is sketched over the set of real numbers and the window used to
generate the graph is given.
The graph of S(r) is sketched appropriately.
The window used to generate the graph of S(r) is given.
The intercepts and local minimum are clearly stated and displayed on the graph.

3.

Points

The domain of the function is clearly stated and restrictions are explained.
The domain is correctly determined.
The stated domain is appropriately defined.
The reason that only positive values are included in the domain of S(r) is clearly stated.

1
1
1

3

1
1

3

1
1
1
1

The dimensions of the can that minimize the amount of material needed for its
construction is accurately determined, to the nearest tenth of a centimeter.
The value of r, expressed to the nearest tenth of a centimeter, is correctly determined
using the TRACE command on a graphing calculator.
The corresponding value of h is correctly determined.
The steps used in finding the value of h are clearly presented.

1

The minimum value of S(r) is accurately determined, to the nearest square
centimeters.
The minimum value of S(r) is correctly determined.
The meaning of the minimum value of S(r) is appropriately interpreted in the context
of the problem.
The method used in finding the value of S(r) is clearly presented or explained.

1

1

3

3

1

1

3

1

Total Points

15

Performance Level Descriptions and Cut Scores
Performance is reported at four levels: 1 through 4, with 4 as the highest.
Level 4: Achieves Standards at a High Level (13-15points)
Level 3: Performance at Standard (11-12 points)
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Level 2: Performance below Standard (7-10 points)
Level 1: Demonstrates Minimal Success (0-6 points)
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