Lesson Title: Solving Systems of two Linear Equations by Graphing by hand and with GeoGebra
Unit Title: Solving Systems of Equations
Teacher Candidate: Nancy Soto
Subject, Grade Level, and Date: Algebra, 8th grade-12th grade (depending on class)
Placement of Lesson in Sequence and Lesson Rationale
This is the first activity in introducing the various methods of solving systems of equations. Students had been working with graphing equations in slope-intercept form. They will use this knowledge to work with graphing systems of equations. When the students learn to graph the equations, they will learn that the intersection becomes the solution to the systems of equations. 
Central Focus and Purpose
The Central Focus is: Students will solve simple cases of systems of two linear equations in two variables estimating solutions by graphing the equations by hand and in GeoGebra and then verify their answers algebraically to verify exact solutions provided by GeoGebra. By having students verify their solutions, they will be introduced to the substitution method of solving systems of equations. Students will also review how to create equations given two points and then solve the system of equations they create. The purpose of this lesson is for students to understand how the intersection point of two equations is a solution and why it is a solution. 
CCSS.MATH Content and Practice Standards 

· A-REI.D.11- Explain why the x-coordinates of the points where the graphs of the equations y = f(x) and y = g(x) intersect are the solutions of the equation f(x) = g(x); find the solutions approximately, e.g., using technology to graph the functions, make tables of values, or find successive approximations. Include cases where f(x) and/or g(x) are linear, polynomial, rational, absolute value, exponential, and logarithmic functions.
· CCSS.MATH.CONTENT.HSA.REI. C.6- Solve systems of linear equations exactly and approximately (e.g., with graphs), focusing on pairs of linear equations in two variables.

· *CCSS.MATH.CONTENT.HSA.CED. A.1
Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple rational and exponential functions.
Prior Content Knowledge and Pre-Assessment

The students have been taught how to graph linear equations in slope-intercept form and can demonstrate this by completing the entry task in this lesson. The students have also been thought how to solve for single variables in the past and will demonstrate this throughout the lesson when verifying their solutions. Students have also been taught how to write an equation given two points and will demonstrate this in the entry task. 
Learning Target(s) and Plan for Clarifying Intending Learning

1. I can solve simple systems of two equations by graphing.

2. I can verify my graphical solution using algebra/substitution method and use GeoGebra as a tool for instant feedback.

3. I can accurately describe the three possible solutions to systems of equations with correct vocabulary.

I will model and explain the steps need to solve systems of equations both by graphing and by substitution. The students will work through their understanding of graphing two equations in one coordinate plane during the lecture. Students will explain their reasoning in their steps to solving systems of equations during class discussion and will show their work on the worksheet. The worksheet will be a tool for the students to show their understanding of the academic language.
	Strategy for using assessments to guide student learning

	The purpose of having students to use GeoGebra to model their equations and use the graphing representations is for students to have instant feedback to whether their solutions are correct or incorrect. This will allow for students to receive useful feedback and use that feedback to check over their work if there are any incorrect response that does not match the responses on Geogebra. Students will also be able to use GeoGebra to get an instant representation of their equations and be able to recognize that the intersections create the solution to the system of equations and be able to reason through why a solution works for the system.

	Success Criteria (Criteria for interpreting student success of the learning target)
	Plan for providing feedback and students’ monitoring of their own learning

	1. Entry task is complete with full understanding

2. Worksheet (29 points total)

a. One multiple choice question (1 point)

b. Four solve the system of equations graphically and verify solution questions. (7 points each)

i. 2 points for graphing both equations correctly.

ii. 1 points for indicating the intersection coordinate point.

iii. 4 points for verifying solutions algebraically. Or using GeoGebra to verify solutions are correct. (correctly solving for x and y using substitution) (Or 2 points for verifying solution and 2 points for creating the correct equations given the conditions)

The worksheet will be graded after class to collect data of student understanding of the learning targets. When grading the worksheet, I will look to see that all the students receive at least an 80% (23/29) of correct problems to be able to move on to a new lesson. If more than, 20% of the students do not meet the 80% on their worksheet, I will have a follow-up lesson the next day to ensure all students met the learning targets. 

3. Exit card will be the most valuable for me to interpret student success in relation to learning targets. In this exit card, I will have students tell be privately how comfortable they feel with finding a solution for two equations by finding their intersections. The students will also directly tell me what areas of the lesson they need clarification to successfully met the learning targets. And students will reflect on how useful Geogebra was for them to get a model of the systems for equations they create as well as the ones given to them. 
	Class discussion will occur during the entry task and throughout the entire lesson to ensure students can have the opportunity to self-asses. I will walk around the classroom and monitor the students’ progress and provided immediate feedback if the students seem to be off task. Students will know based on classroom standards of what is expected for their level of engagement during the lesson and will be given their daily participation points according to those standards. (See attached participation rubric).  I will be proving feedback throughout the lesson by asking student questions during the class discussion the students will also self-assess (exit card). Lastly grading the worksheet will allow me to determine if the class met the target or if a second lesson is needed. Grades in the worksheet will also tell me if using GeoGebra was a useful tool for the students to create equations and create representations of equations.  My feedback will occur directly on the worksheet that the students will receive first thing when they come to class the next day. Based on their results if a review lesson is needed I will use the problems on the worksheet to be my template for the next lesson. 


	Academic Language Demands

	Language Function
	Vocabulary & Symbols
	Secondary Language Demand

	· The language function is justifying. Students will be justifying their solutions on their worksheets using GeoGebra to verify their solutions. 

· Students will solve problems of systems of equations through graphing.

· Students will be able to verify their solutions based on substitution. 

· Students will be able to use GeoGebra to verify their solutions. 


	· Known vocabulary: equation, slope, y-intercept, and function.

· New vocabulary: consistent, inconsistent, independent, and dependent.
· Demands on GeoGebra
	Mathematical Precision: Students must have correct steps to solving for single variables, meaning the students must be aware of the order of operations. When graphing, students must create accurate coordinate planes (evenly spaced distances in their axis of their graphs). Students must also compute correct steps in writing an equation given two coordinate points. And be able to correctly use GeoGebra to model the systems of equations.
Syntax: 
Students must use correct math operations to solve for single variables and be able to create correct equations.

Discourse: This worksheet will be presented as problems to discuss in small groups and agree upon a solution that they will verify using Geogebra. Students must be able to clearly communicate how they will identify the use of the lesson vocabulary and be able to identify where on the worksheet the vocabulary is addressed. In their groups, the students will answer each other’s question to clearly explain how to solve the problems. This discussion will be shared with me when need to ensure their understanding of learning target.



	Language Support (instructional and assessment strategies)

	Language Instruction 
	Guided Practice 
	Independent Practice 

	Students will be able to share how to solve simple linear systems of equations by graphing and verify their solutions by using the substitution method and GeoGebra.
-Using the new or unfamiliar vocabulary words in the lesson, the teacher will explain any unclear vocabulary concepts as needs arise. The greatest language demand in this lesson is the heavy reliance on discourse. The teacher will model effective speech and discussion throughout the lesson by providing reasoning for all answers and asking guiding questions to encourage students to provide deeper explanations.  
	I will model and explain the steps need to solve systems of equations both by graphing and by substitution. I will demonstrate the steps needed to be able to successfully use GeoGebra as a modeling tool for their systems of equations. The students will work through their understanding of graphing two equations in one coordinate plane during the lecture. Students will explain their reasoning in their steps to solving systems of equations during class discussion and will show their work on the worksheet. The worksheet will be a tool for the students to show their understanding of the academic language.
Questions during lecture:

· Do the graphs show any intersections?

· What do the intersections represent in terms of both equations?

· How many solutions do both equations share?
	Students will work individually or in groups on their worksheet using their Ipads as a modeling tool to receive instant feedback on their solutions to the systems of equations given and the systems created by them. 



Differentiation, Cultural Responsiveness, and Accommodation for Individual Differences

Being a part of a community where about 94% of the population is Hispanic, of a Mexican background I am aware that this is the cause of the large percentage of English Language Learners in the class. With this in mind in my class, I allow and encourage my students to converse in their native language, Spanish, during the group discussions or group work time. I speaking Spanish has proved to be beneficial when help students in my class understand the material because I have been able to see that when explaining a concept in their native language and then having them explain to me the same concept in English gives the students a much higher level of understanding. And not only understanding but also when having the students do this they can keep the information for much longer periods. When encouraging the students to discuss in their native language, I am trying to push the students out of their comfort zone and even if they cannot get their ideas out in English at least having them express their ideas in Spanish is one more step in their learning. Blanco (1977) notes that the consensus of experts in the field of bilingual education is that its primary goals are in the area of cognitive and affective development rather than linguistic and cultural realms. From this, one could surmise that the primary goal of bilingual education is not necessarily to teach English or a second language, but to teach children concepts, knowledge, and skills through the language they know best and reinforce this information through the second language.
Materials – Instructional and Technological Needs (attach worksheets used)
Whiteboard, Expo markers, Worksheet for all students (see attachment), Notebook paper for the warm up task and notes, Pencil with erasers, and thinking mentality. IPads with the app of GeoGebra. 
	Instructional Plan (detailed explanation for thing the lesson)

	Pacing
	Teacher Activities
	Student Activities

	5 min
	Warm-up: Problems written on the whiteboard and students will write them in their notebook as part of their notes.

1. Determine if this is a function? Why?

(2, -5), (-2,5), (-1,4), (-2,0), (3, -4)

2. Take the first two points and create an equation. 

3. Graph and tell me if it is a function and why? 

                     Y = X + 2
	Complete warm-up and refresh memory on graphing functions/linear equations (slope intercept form). Also, refresh on writing equations given two coordinate points. 

	5-10 min
	Lead class discussion on the answers for the warm-up problems.
	Actively participate in the discussion and explain to their classmates how they arrived at the answer. Students will be able at this time to express any misunderstandings they may have and will be addressed through discussion as a whole class or one-on-one, depending on how the student feels most comfortable. 

	15 min
	Teach a class lesson on solving simple systems of equations by graphing and verify solutions by using substitution.

· Graph on same coordinate plane 

Y= X +4

Y= -2X – 2

(Based on the graph we can see that both equations individually have an infinite number of solutions. But “How many solutions do both equations share?”)

· For today, we will work on finding a solution for two equations by looking at their intersection on a graph. 

· Based on our example how many intersections do we have?

· Can we tell at what point the intersection happens? (-2,2) (This then becomes our solution to our first question, making this point the solution the two equations share.)

· We can prove this by plugging our point (-2,2) back into the original equations. 

· X=-2  

Y=2

Y= X +4            Y= -2(x) - 2

2 = -2 +4           2=-2(-2)-2 

2 = 2                    2=2

· So what do you guys think this all means for the system of equations? Is there another way to write the system of equations since they both are equal to Y?

· With our two equations, what we are saying is that if the y-values are the same, then the x-values should be the same as well.

· To show this since both equal Y, we can set both equations equal to each other. (x + 4 = -2x -2) and solve for x. (Did we come up with this value for x anywhere else?)

· It is the same value we got for x in our graph for the intersection.

· How can we find a y-value by solving? Take one of the original equations and plug in x= -2 and solve for y.

· 3possible solutions to systems of two equations. 
	Students will take notes in their class notebook so that they are able to go back to review the concepts. Students will ask questions when they need more information. Students will gain the basic knowledge of solving simple systems of two equations and be able to verify their graphical solution using substitution and be able to get instant feedback using GeoGebra.

	5-10min
	I will go on GeoGebra and model a second way of verifying our solutions using a modeling representation on this tool. I will demonstrate on of the examples covered in class then I will have the students try out a problem on their own from the examples already done to verify that the students are able to use GeoGebra. 
	Students will follow along as I model how to use GeoGebra and then will demonstrate that they followed along when being able to successfully model one of the examples covered on board using Geogebra. 

	15 -20min
	Worksheet (see attachment)
	Students will complete the worksheet and show their ability to solve simple systems of equations by graphing and be able to verify their solutions using substitution and GeoGebra when instructed.

	1-5 min
	Exit card: Teacher will hand out a sheet on the back of the worksheet to all students that they are to answer before leaving. The students will answer these three questions:

1. How comfortable do you feel with finding a solution for two equations by finding their intersection? And how helpful did you feel using GeoGebra helped your learning.?

2. Are there any problems you would like clarification on?

3. Can you name the three possibilities of solutions we can get when graphing two equations?
	Students will have the opportunity to express their level of understanding in a private setting. Students will be encouraged express any and all concerns that arise from the lesson on these cards so that I can better understand what each student needs. And allow me to identify the preconceptions, common errors, and misunderstanding students may have so that I can cover these areas in my next lesson. 


(Participation Rubric)
	Participation
	Active engagement

 (5 points possible)
	Passive engagement (3 points possible)
	No engagement 

(0 points possible)

	Group discussions
	-Actively and respectfully listens to peers

-Comments are relevant and reflect an understanding of assigned material.

-Actively participates at appropriate times.
	-Sometimes displays lack interest.

-Comments are sometimes irrelevant and lack of attention to previous comments.

-Sometimes participates but at other times is “tuned out.”
	-No interest

-Comments are not relevant to the assigned material.

-No participation.

	Class discussions
	-Actively and respectfully listens to peers and teacher.

-Comments are relevant and reflect an understanding of assigned material.

-Actively participates at appropriate times.
	-Sometimes displays lack interest.

-Comments are sometimes irrelevant and lack of attention to previous comments.

-Sometimes participates but at other times is “tuned out.”
	-No interest

-Comments are not relevant to the assigned material.

-No participation.


(Worksheet-Formative Assessment #1): GeoGebra with Systems of Equations 
Solve the given system of equations graphically and verify your solution algebraically and with GeoGebra (Save your graphs in a fold in Geogebra):

1.) Y= -X

Y= X + 2
2.) Y= 2 – X

Y= 4 + X
3.) Challenge 

Y= X2
Y= 12 – 3X
Given the two points create an equation and then graph your equations using GeoGebra to verify that your equations are correct for the given points, label the points on the given lines. Then using your representation use GeoGebra to find the solution to the systems. 
4.) A.  (2,3) and (-5,8)
B. (5,10) and (-9,2)
C. Sketch a picture of your model created with GeoGebra using your answers from (A) and (B). State the location of your solution if any. 
5.) Two small pitchers and one large pitcher can hold cups of milk. One large pitcher minus one small pitcher constitutes 2 cups of milk. How many cups of milk can each pitcher hold? Draw a 
picture of the GeoGebra model you used to solve this problem. 
(Worksheet-Formative Assessment #1 Answer key): GeoGebra with Systems of Equations 
Solve the given system of equations graphically and verify your solution algebraically and with GeoGebra (Save your graphs in a fold in Geogebra):

1.) Y= -X

Y= X + 2
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2.) Y= 2 – X

Y= 4 + X
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3.) Challenge

Y= X2
Y= 12 – 3X
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Given the two points create an equation and then graph your equations using GeoGebra, to verify that your equations are correct for the given points, label the points on the given lines. Then using your representation use GeoGebra to find the solution to the systems. 

4.) A.  (2,3) and (-5,8)
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B. (5,10) and (-9,2)
[image: image8.png]&

4 Mail - Nancy Sotc X

# User Dashboard X

P Meghan Train: 41 x

Bl ine(5.10,(9.2 x Y

< C | @ nttpsy//www.symbolab.com/solver/line-calculator/Line%20%SCleft(5%2C%2010%5Cright)%2C%20%5 Cleft(-9%2C%202%5C ¥ | @

BX

Not Rated

Find the line y=mx+b passing through (5, 10), (=9, 2)

Compute the slope (5,10), (=9.2): m=2

Slope between two points: ~ Slope

Compute the y intercept: 5= %

Plug the slope 2 intoy =+ b

y=dies

Plugiin (5, 10):

15
10=2-5-5
Isolate &

_4 -]
10775+b 2 b= 3

— 50
b=

Construct the line equation y=mx+b where m

4,50
x -3

click here to start symbolab practice »

4

Hide Steps @

Hide Steps @

Show Steps ©@

Related Symbo ~ [
a
& slope, Di
‘Ski Vacati

‘about finding tl
equation of a li
the equation of

& High Sch
Perpendicul
Calculator

Parallel lines ha
rallel line at ¢

ply calculate
intercept, and,

FEEDBACK

[or13

TimesNewRo -[12 ~| A A" Aa~

g activity [Compatibility Mode] - Word Nanc

Insert  Draw  Design  layout  References  Malings  Review  View

B===|:=
Iu-axx X LA nowm.a g BookTitle Emphasis  Heading 1
__Font 5 Paragraph 5 stles

Plugthe slope —  intoy

tslat

3=(-E)e-s ¢ b=

b=d

Construct the ine equation y=mx+b where m

» ES

B. (5,10) and (-9,2)

Grammarly

AaBbCci 4aBbCcl AaBbC

Q Tellme

2 &

Editing  Enable
- Grammarly
Grammarly -

Y=-5/7x +
Y=-0.71x-

C. Sketch a picture of your model created with GeoGebra usi

State the location of your solution if any.

B B

2

3189 words




[image: image9.png]&

4 Mail - Nancy Sotc X

# User Dashboard X

P Meghan Train: 41 x

Bl ine(5.10,(9.2 x Y

< C | @ nttpsy//www.symbolab.com/solver/line-calculator/Line%20%SCleft(5%2C%2010%5Cright)%2C%20%5 Cleft(-9%2C%202%5C ¥ | @

BX

Not Rated

Find the line y=mx+b passing through (5, 10), (=9, 2)

Compute the slope (5,10), (=9.2): m=2

Slope between two points: ~ Slope

Compute the y intercept: 5= %

Plug the slope 2 intoy =+ b

y=dies

Plugiin (5, 10):

15
10=2-5-5
Isolate &

_4 -]
10775+b 2 b= 3

— 50
b=

Construct the line equation y=mx+b where m

4,50
x -3

click here to start symbolab practice »

4

Hide Steps @

Hide Steps @

Show Steps ©@

Related Symbo ~ [
a
& slope, Di
‘Ski Vacati

‘about finding tl
equation of a li
the equation of

& High Sch
Perpendicul
Calculator

Parallel lines ha
rallel line at ¢

ply calculate
intercept, and,

FEEDBACK

[or13

TimesNewRo -[12 ~| A A" Aa~

g activity [Compatibility Mode] - Word Nanc

Insert  Draw  Design  layout  References  Malings  Review  View

B===|:=
Iu-axx X LA nowm.a g BookTitle Emphasis  Heading 1
__Font 5 Paragraph 5 stles

Plugthe slope —  intoy

tslat

3=(-E)e-s ¢ b=

b=d

Construct the ine equation y=mx+b where m

» ES

B. (5,10) and (-9,2)

Grammarly

AaBbCci 4aBbCcl AaBbC

Q Tellme

2 &

Editing  Enable
- Grammarly
Grammarly -

Y=-5/7x +
Y=-0.71x-

C. Sketch a picture of your model created with GeoGebra usi

State the location of your solution if any.

B B

2

3189 words





C. Sketch a picture of your model created with GeoGebra using your answers from (A) and (B). State the location of your solution if any. 
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5.) Two small pitchers and one large pitcher can hold 8 cups of water. One large pitcher minus one small pitcher constitutes 2 cups of water. How many cups of water can each pitcher hold? Draw a picture of the GeoGebra model you used to solve this problem. 
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: GeoGebra with Systems of Equations
olve the given system of equations graphically and verify your solution
Igebraically and with GeoGebra (Save your graphs in a fold in Geogebra):
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: GeoGebra with Systems of Equations
olve the given system of equations graphically and verify your solution
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5.) Two small pitchers and one large pitcher can hold 8 cups of water. One large pitcher minus one
small pitcher constitutes 2 cups of water. How many cups of water can each pitcher hold? Draw
a picture of the GeoGebra model you used to solve this problem.

If done algebraically:
Let = small picher 2+y=8

a=y=2

subtract:
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(Formative Assessment #2)
Exit Card:

1. How comfortable do you feel with finding a solution for two equations by finding their intersection? And how helpful did you feel using GeoGebra helped your learning.?

1. Are there any problems you would like clarification on? 

2. Can you name the three possibilities of solutions we can get when graphing two equations? 

Y=-5/7x + 31/7 or 


Y= -0.71x+4.43





Y= 4/7x + 50/7 or 


Y= 0.57x + 7.14





Point E is the solution.








