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Abstract

This curriculum project offers a sequence of four lessons for teaching quadratic functions
in an Algebra | classroom. The lessons make ufigedRealistic Mathematics Education (RME)
teaching model. The RME model suggests that students should be introduced to mathematical
concepts within realistic contexts and given time to explore, observe, discuss, and inquire about a
concept to build undetanding before gradually learning the abstract definitions and details.
Thisrepresents a reversal tohditiond teaching methodaherestudents learn the abstract
information first, then apply it to realistic concepts. RME has been shown to increase
mathematical performance, elicit multiple pathways of student thinking, and improve
engagement and overall enjoyment of mathematics. The lessons providedimrtbisgum
project progress through the key topics learned in a quadratic functions unitnekatdpic is
anchoredo a visualization presented in the first lesson of a ball being togedtienair Al
materials, activities, notes, and assignments are included, and answer keys can be found in the

Appendix.
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Introduction

Mathematicsteachers todatypically agree thatraditional teaching methodsich as
lecturing and direct instruction are not effectiseengagng studentsn understanding
mathematical conceptsSkemp(1976)presented two different types of understanding in
mathematicsielational and instrumental. Relational understanding is knowing what to do and
why while instrumental is rules without reasdihe resulf the latteris a disconnected
collection of rulewith areliance on memorizatio his typically leavestudents unabl®
explain their thinking, recognize concepts in new contextseethow concepts interrelate (Di
Muro, 2006). Student thinking becomsénflexible, and knowledge is strigtllimited tothat
which can be reproduced, rather than crea¥@e denHuevetlPanhuizer& Drijvers, 2020).
Instructionthat supports relational understandimgkes use of conceptual modekncourage
students to speak and write about their thinkeamgploys a multitude ofproblem solving
methods, andslks questions that challenge student think{BgMuro, 2006). Creating an
instructional design that follows these criteria can be daurgwigis helpful to have a model to
guide instruction. Realistic Mathematics Education (RME) is an instructional motidbtés
precisely this. RME was pioneered in the Netherlands isebend half of the 0century as a
response tthe increasingly mechanistic approach to teaching enadtics(\Van den Huevel
Panhuizen & Drijvers, 2020). TH&ME modelseeks to develop deep, interconnected
understanding of mathematical concepts by introduitiag withinconcrete, realistic caexts,
before graduallyevealng the abstract d&ils and definitions.Visual modelscollaborative
explorations, and muHfaceted reasoning are promogsistudents buildp their relational
understandingThe quadratic functions uni Algebra 1lis challenging for many studerasid

presentanopportunity to employ RME because of the preponderaheesual models thatan



belinked with abstract concepts and defimitsto build relational understandingrhis
curriculum project offers aequence of lessons tiiallow the RME model of instruction to
introduce quadratic functions to Algebra students.

Literature Review
What is Realistic Mathematics Education?

Realistic Mathematics EducatigRME) wasdesigned to improve student understanding
of mathematial concepts byngagingstudens inrealistic problem solving. RME instruction
includesa gradual realization of the concrete definitions and details as they are needed. RME
proponents Gravemeijer and Doorman (1999) statesthdéents should first experience a global
introduction to a mathematical concept in a way that creates the need for formal descriptions of
the concepts involved. In other words, they state that thetodetww drives learning. There
are 6 principles of RE outlined by Van den HuewfanhuizerandDrijvers (2020). The
activity principleenlists students as active pagants in the learning process and emphasizes
that mathematics is best learned by doifigereality principleis the crux of the entire model,
and is where learning is grounded within realistic contexts, specifically with problems that are
meaningful to studentdRealisti¢ as clarified by Van den HuevBlanhuizen & Drijvers, does
not necessarily meaeal world, but rather that a student must be able to attach meaning to the
problem in some fashion. Tlevelprinciple advises that learning will progse through a
sequence of levels, beginning with informal, contextbedded understanding and ending with
formal, abstract understanding. Tiheertwinement principl@dvocates for the inclusion of
multiple domains of mathematics (geometry, measurement, number theory, etc.) when learning a
given concept, rather than isolating concepts into single domainsnt&hectivity principle

represents the importance of discourse and collaboration in learning mathematics. Finally, the



guidance principleefers to the role of the teacher in RME, which is that of a proactive guide
who monitors student learning and leverages the realistic scenarios to reach a variety of students.
Evidence of the Effectiveness of RME

Numerous studies and curriculum evaluations have concluded that the RME model is
effective for teaching mathematics. In the United Kingdon, two schools that piloted RME found
that students were more successful with mathematics assessment questions amat@ver
capable of explaining their understanding than students who received traditional mathematics
teaching (Dickinson & Hough, 2012). Moreover, the students and teachers overwhelmingly
spoke positively about their experiences teaching and learningmmatibe through RME, with
many citing increased engagement with content, discussion, understanding of concepts, and
overall enjoyment of mathematics (Dickinson & Hough, 2012). Additionally, Barnes (2004)
found evidence that after learning through RME, shiisl were better able to consider multiple
or alternative representations of a concept. The mechanism behind this result was the apparent
symbiosis between vertical and horizontal mathematization spurred by the environment of RME
(Barnes, 2004). Horizoak mathematization is the predominant factor in RME and refers to the
linking of abstract mathematical concepts to a concrete context, while vertical mathematization
is more traditional and describes the organization of techniques and strategies sthictlthe
abstract mathematical realm (Van den HudR@hhuizen & Drijvers, 2020). Through RME,
students employ both horizontal and vertical mathematization, leading to nuanced
understandings of concepts and the ability to use a variety of strategrepeesbntations.
Design Considerations

There are some considerations for those designing anbB4&d learning experience.

Cobb et al. (2008) suggested that classroom activities be grounded in opportunities for



mathematical discourse, both in whgi®up and peeto-peer settings, in which the teacher
serves as a facilitator guiding the discussion towards important mathematical concepts. They
also suggest that students be encouraged to accompany numeric expamigih conceptual
explanations whenever possible. Finally, Van den HuBaehuizen (1996) discusses
considerations for assessment when using RME. She suggests that, because of the active nature
of RME, assessment should feature a more observatippadach so that teachers can observe
student thinking and actions in the moment when grappling with a problem. The observational
assessment can take place informally while students work, or in a more formal test setting, just
so long as the teacher caralaatehowa student is thinking and what future activities may
promote improved mathematical outcomes for that student. This curriculum project provides a
sequence of lessons for teaching quadratic functions using RME, including all materials, notes,
activities, and assignments with answer keys.
Curriculum

Overview and Timeline

The following sequence of lessomdizes the Realistic Mathematics Education model of
instruction to introduce and teach the concept of quadratic functions in an Algebra Irtlass.
keeping with the tenets of the RME model, students are introduced to quadratics through a
visual, realworld context tossing a ball up into the air. This visualization introduces the
concept and is returned to throughout each leasarew ideas relating to quadratics are
introduced and explored. This curricul@wonsists of four 6@ninute lessons and would take
place over the course of four class meetilgs/ 1-- Lesson 1Graphs of Quadratic®ay 2--
Lesson 2x-intercepts of Quadratic®ay 3-- Lesson 3Completing the Squay®ay 4-- Lesson

4: The Quadratic Formula



Lesson 1 Graphs of Quadratics (60 minutes)

Objectives - Students will be able to describe what a quadratic function is
- Students will be able to determine the key features of a parabola graphicall
algebraically.
- Students will be able to sketch graphs of quadratic functions using tables a
features.

Next Generation Learning | F.IF - Interpret functions that arise in applications in terms of the context.

Standards F.IF.4F Interpret key features of graphs and tables in terms of the quantities,
F.IF.4ii - sketch graphs showing key features given a verbal description of th
relationship.

F.IF.7- Graph functions and show key features of the graph by hand and by
technology where appropriate.

Materials - Ball or object for tossing

- Opening Discussion Question Slide

- Desmos Quadratics Introduction Activity (on a Chromebook)
- Independent Practice Questions

- Closing Discussion Slide

Introduction (15 min) To introduce the lesson, the teacher will toss an object (e.g. baseball, tennis
etc.) up into the air. This simple display will serve as a reoccurring scenario
which concepts will be linked throughout this unit.

Discussion:

Students will be asked to consider the tineéght relationship of the object. Wh
would a table of values look like? What would a graph of this look like? Car
make a sketch of this graph? Students will work in pairs to discuss these que
and nake conjectures. As students discuss, the teacher will circulate and ac
facilitator of conversation, while listening for mathematical discourse. Once
discussions have finished, pairs will share their thoughts with the class and ¢
feedback to onanother.

To wrap up the introduction, the teacher will reveal that this scenario can be
modeled by a quadratic function. Students will then launch into the Desmos
activity to explore quadratic functions.

Instructional (20 min) Students will complete an asynchrondessmos activitythat introduces the
Component concept of quadratics and some key terminology. The activity will walk studg
through the definition of a quadratic and some key featyregddrcept, max/min,
vertex, axis of symmetry).

Following the Desmos activitgtudents will go back into their pairs and explair
to each other how to graph a quadratic usitapée, and how find each of the ke
features of a quadratic and use them to graph. The teacher will once again
circulate to listen for understanding and math discourse.

Independent Problem Students will practice graphing quadratics ugaiges and key features. The
Solving (20 min) independent practice will be collected and used as formative assessment.
Conclusion (5 min) To close the lesson, the teacher and students will reconvene and return to th

opening baltoss scenario. This time, the teacher will pose the question of hc
long the ball is in the air. This question should get students thinking about th
intercepts and zeros, which is the focus of the next lesson.

Exit Ticket Students will complete an exit ticket before they leave in whichdhewsked to
identify the key features of three quadratics. One graph, one table, and one
equation.



https://teacher.desmos.com/activitybuilder/custom/6417163ef1387a2b041290a7?r=w.hd

Independent Problem Solving: Graphing Quadratics Practice
1. Fill in the table and plot the points to graph the quadrBtien answer questions {@)).

W W T G

Qb IWINPFIO

a. What is they-intercept for this quadratic?

b. Does this quadratic have a minimumneaximum value? How can you tell? What is the
value?

c. What is the equation for the axis of symmetry?

d. What is the vertex?
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2. Fill in the table and plot the points to graph the quadratien answer the questions-(d).

W O w o

What is they-intercept for this quadratic?

A 4

Does this quadratic have a minimum or maximum value? How can you tell? What is the

value?

What is theequation for the axis of symmetry?

What is the vertex?
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3. Find the key features listed for the quadratic beltmebraicallyand use them to sketch its graph.

W W Cw o

a. Yy-intercept:

=

Opening up or down?

A

C. Axis of symmetry:

d. Vertex:

e. Does this quadratic have a maximum or minimum? How can you tell? What is the value?
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4. Find the key features listed for the quadratic beddgebraicallyand use them to sketch its graph.
W 0 Y X

a. Yy-intercept:

b. Opening up or down?

c. Axis of symmetry:

d. Vertex:
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5. The functiorfQo PO p @ vcanbe usedtomodelthe relationship between time
and height for a ball thrown into the air.

a) Find the key features of this graglgebraically, then sketch the graph of the function.

y-intercept:

Opening up or down?:

Axis of Symmetry:

A

Vertex:

A 4

b) What does thg-intercept represent in the context of this scenario?

¢) How high was the ball thrown? Explain how you know.

d) At what time did the ball begin falling back toward the ground? Explain how you know.
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Exit Ticket:
Identify the key features for each quadratic. There is a quadratic graph, table, and equation.

1. y-intercept: Graph: 1

Axis of Symmetry: \ /

s

Vertex:

Maximum/Minimum:

2. y-intercept: Table: X y

Axis of Symmetry: '& g

Vertex: 1 -7

: _ 2 -8

Maximum/Minimum: 3 5

4 0

3. Find the key features for this quadratigebraically.

y-intercept: Equation: ® W Tw o

Axis of Symmetry:

Vertex:

Maximum/Minimum:




Desmos Activity Slides
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]

y

What is a quadratic?

Use the function below to fill in the the right side of the
table, then plot and connect each point on the graph to
create the graph of the function.

9 ‘
y=x"—2x—3

What do you notice about the values in the table?

I notice

What is a quadratic?
2
The function y = x° — 2x — 3 is an example of a
quadratic function. Enter the function to see if your

graph from the previous slide was correct.

What do you notice about the graph of a quadratic?

| notice

H®
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What is a quadratic?
A quadratic function is a polynomial function in which

2.
x”is the largest exponent.

2
The standard form of a quadratic is y = ax” + bx +c.

10

Quadratics form a "U-shaped" graph called a parabola.

Opening Up vs Down
Enter some values for a in the function below.

2
y=ax®—1

What kind of value will make the parabola flip over?
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Maximum and Minimum

92
The graph of y = x“ + 8x + 15 is shown in red.

The graph of y *.\'2 + 8x — 15 is shown in blue.

Which graph has a maximum point?

\/5 70 Which graph has a minimum point?

y-intercept
Where does this graph pass through the y-axis?

r= N

2
The equation for this parabola is y = x*~ — 2x — 3

Explain how the y-intercept is related to the equation.
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Vertex

Where does the parabola "turn around"? Drag the
point to that location.

Axis of Symmetry

Enter a value for x that will create a line that cuts the
parabola in half symmetrically.
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Axis of Symmetry and Vertex

To find the Axis of Symmetry and Vertex without a
graph, we start with this formula.

b

Axis of symmetry: x = — %

1t

Axis of Symmetry:  x= Once we have the axis of symmetry, we find the vertex

by substituting that x-value into the function to get the y-

Vertex: (—2,-1)

value.

! 0
| 1

Vertex: (#.v) :

|

I

fixy=x+4x =3 |
Axis of Symmetry:  x=————=~2 I 5

2(1) |

Substitute into the function — fA—2) = (=2F + 4(-2\+ 3 fl:

I

|

I

1

Key Features Summary

Let's recap all of the key features of quadratics we have
learned so far. The function y .\'2 — 3x — 41 is shown
on the graph.
5
1. y-intercept: The c-value in the function.
5 o 5 10 2. Opening up or down?: a > 1, so the parabola opens
up.
. e b (3) 3
3. Axis of Symmetry: x — — e 2(1) )
5
4. Vertex: Found by substituting the axis of symmetry
value into the function.
-10 ’
7(1.5) = (1.5)2 = 3(1.5)—1 — —6.25

Click me

5. Maximum or Minimum




Discussion Slides
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Opening Discussion:

’ Consider the relationship between
- the height of the ball and time.

e What would a table of values
look like for this relationship?

e What would the graph look like
for this relationship? Sketch
some possibilities!

Closing Discussion:

How long will the ball be in the air? i

Can we use the graph to figure this out?







