Lesson Title: Locating the Best Fit Line
Unit Title: Functions, Function Notation, and Graphing
Teacher Candidate: Cody Lones
Subject, Grade Level, and Date: Algebra, 9th-12th,
Placement of Lesson in Sequence and Lesson Rationale
This is the concluding activity for the “Best Fit Line” segment of the unit. Students must already have knowledge of the Cartesian plane and function notation. For this segment especially, students are expected to be well versed in terms and procedures regarding coordinates, point-slope form, y-intercept form, calculating slope given two points, being able to change the input of a function and notice how the output is affected, and being able to determine what type of graph is dictated by a function (linear, quadratic, etc.). In addition to this, they must have at least a basic level of experience in using TI-83 or TI-84 calculators.
Central Focus and Purpose
The focus of this lesson is employing technology to uncover a best fit line for a sample of data taken from a real-life incidence. This lesson will test students on their ability to follow directions, discover methods for themselves both individually and together, push their mastery for graphical interpretation, and shape their reasoning. The purpose of this lesson is to give students experience in using their cumulative knowledge about functions and graphing and putting it into generating a representation of data using a graphing program. The students will achieve this by creating a best fit line for the data that is presented to them and explaining why their line is indeed the best fit.

CCSS.MATH Content and Practice Standards 
CCSS.MATH.CONTENT.HSF.LE.A.1
Distinguish between situations that can be modeled with linear functions and with exponential functions.

CCSS.MATH.CONTENT.HSF.LE.A.1.A
Prove that linear functions grow by equal differences over equal intervals, and that exponential functions grow by equal factors over equal intervals.

CCSS.MATH.CONTENT.HSF.LE.A.1.B
Recognize situations in which one quantity changes at a constant rate per unit interval relative to another.

CCSS.MATH.CONTENT.HSF.LE.A.1.C
Recognize situations in which a quantity grows or decays by a constant percent rate per unit interval relative to another.

Prior Content Knowledge and Pre-Assessment
Students have worked with defining, calculating and identifying each of the 4 variables that comprises the equation Y=MX+B. The students also know how to translate function notation into graphical depictions and note how each component of a function alters how it will appear on a graph.

To check that the class is on level with these prerequisites, a short, informal pre-assessment based on the required knowledge is to be administered at the very beginning of the lesson as a warm-up. For this lesson, the pre-assessment is to be given to the students in groups of three or four. When it is time to review the pre-assessment, the teacher will be made to call on a random student from each group to answer a question. Because the students do not know which of them will be called on, the groups are encouraged to be certain that each member of their group knows the material when it is time to be called on.
*Note that this pre-assessment can also be done through a worksheet that the students first work independently on which is then reviewed as a class, or via verbal question and answer between teacher and students.
Learning Target(s) and Plan for Clarifying Intending Learning
Learning Targets: 
1. I can recognize a function and determine whether it shows a linear, quadratic, cubic, or exponential relationship.

2. I can use data in the form of ordered pairs and generate a graph of the data using a graphing program.

3. I can find a best fit line for a collection of data using a graphing program.
To clarify the intended learning, it is the most effective to have students write down the learning targets on paper to keep for their own records. By writing down the learning targets, they are forced to take apart the learning target word by word which lets the student develop a better analysis of what they are learning exactly. 
	Strategy for using assessments to guide student learning

	The purpose of this lesson to give students experience in using their cumulative knowledge about functions and graphing and putting it into generating a representation of data using a graphing program. Assessments need not be administered outside of the pre-assessment and the final assessment. The final assessment is to take place at the conclusion of the lesson. Following in line with the purpose, the pre-assessment does a diagnosis on the class to see if they possess all of the prerequisite knowledge to continue with the lesson. At the discretion of the instructor, should the students not be where they are needed to continue, the instructor needs to take time to review over what information they require. This lesson does not have to be done in one sitting. The final assessment at the end of the period checks if the students were able to follow directions in using the calculator program and employ their knowledge about functions and graphs to critique and confirm their best fit line. Should the students meet all of the criteria in the final assessment, then they have adequately demonstrated mastery on the subject.


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

	-At the pre-assessment level, the instructor can make a determination on how well the students are doing with the material up until this point. The pre-assessment contains questions and points on the key content that they should know about functions and Cartesian planes. Through the pre-assessment, the teacher is able to preemptively determine if the students are even ready to pursue the learning target in the first place.
-The final assessment is a straight-forward tool to interpret student success. If the student has mastered the material, then they should be able to complete the final assessment which is to be collected by the instructor at the conclusion of the lesson. 

Note: The class is encouraged to work together to help each other, but each student must turn in their own final assessment. 
	Immediately taking off at the pre-assessment, the instructor has the opportunity to provide feedback to the class on how well they have mastered the prerequisite knowledge needed for the lesson. Upon receiving this feedback, the students are given a personal gauge on where they stand in the overall unit.  Aside from this, the lesson demands a lot of interaction between teacher and students. This lesson depends on the students being able to follow directions and the teacher being able to effectively convey instruction. Throughout the instructional period, the teacher should be monitoring the classroom and checking in on the students to be certain that they are not falling behind. Should students become lost or stumped, the teacher should not provide answers or instructions immediately. The Socratic method is highly recommended. By asking the student questions about their thinking and logic, they become aware of their own metacognition. In addition to this, without the instructor handing out the answers and instead having the teacher question them to the point of finally discovering the answer, the student is set to becoming more and more academically independent. In these instances, the teacher is to provide feedback on what they did correctly and what key steps they will need to remember and improve upon. As the teacher will be going over the same steps and work as the students, the class is able to check in real time where they should be at throughout the period and will immediately know if they are on track or a step behind. At the end of the lesson after the in-class assignments have been collected, the teacher should prompt one of the students (who correctly completed the task) to display their best fit line to the class and give reasoning as to why this line is the most ideal. Pressing further, the instructor should ask the class what the point is of graphing data like this and what it can tell us about future instances.


	Academic Language Demands

	Language Function
	Vocabulary & Symbols
	Secondary Language Demand

	· Students will be able to plot a collection of data onto a Cartesian plane.
· Students will be able to create a best fit line for the data.

· Students will be able to explain their reasoning for why their line is a best fit.

	· Cartesian plane,  ordered pair, slope-intercept form, linear function, quadratic function, cubic function, exponential function, regression line, 

	Mathematical Precision: Students are expected to able to follow verbal and written directions to accomplish the task of graphing a best fit line using a graphing program. Subsequently, students will have to sketch their results for the final assessment.
Syntax: Students must be able to create graphs of function and ordered pairs. They must also note how a graph changes when variables are altered in a function. Finally, the students will be able to use their final product to make a conjecture about future data points.
Discourse: This activity provides many windows for student discourse. The pre-assessment itself is centered on student discourse, as each group will have to interact and work to be certain that each group member is knowledgeable about the material. More so, as the lesson progresses, the instructor is to leave windows after each step to see if the class is keeping up with the process. Within these windows, the students are given the opportunity to question and discuss with their neighbors or the instructor directly. Finally, when the instructor has a student present their work at the end of the lesson, the entire class is opened to critique, encourage, and agree with the presenting student. While one student is put on the spotlight, there is ample opportunity for classroom discourse in this instance.



	Language Support (instructional and assessment strategies)

	Language Instruction 
	Guided Practice 
	Independent Practice 

	Students will be able to explain their process, their solution, and the reasoning for why their end result is a sufficient solution. In addition to this, they will have to make a conjecture about future data.

	The lesson will be walked through by the teacher where the students will have to follow. In this, the students will have all of the support from the instructor and their peers that they require.
	Each student will have their own graphing calculator to work with, so while they have access to the instructor and their peers for assistance in direction, the work must be done on their own. The final assessment is to be done independently without assistance from the instructor or peers. The students will have to put what they’ve learned collectively, into an individual assessment.


Differentiation, Cultural Responsiveness, and Accommodation for Individual Differences
This lesson plays to nearly every learning style; kinesthetic, visual, and auditory learners. The directions are printed in front of the students, so while they might struggle making sense of spoken directions, visual learners have an aid that they can read at their own rate to keep up. Auditory leaners, who may have some confusion in formally written instructions can find progress when the instructor speaks and explains the process. Finally, kinesthetic learners, who are akin to actually executing the process, are able to spectate the instructor and copy what they do with the graphing calculator.

Not just this, but even to students who may have a visual impairment are given a visual aid, written instructions for their personal records, and the teacher’s screen on their graphing calculator which is blown up at the front screen. Students who may exhibit a physical disability will have accommodations made for them so that they are able to partake in the activity: For instance, if they can’t operate the calculator, a resource teacher or a volunteer student will be assigned to assist them.
Materials – Instructional and Technological Needs (attach worksheets used)
Document camera, pencil, eraser, operational TI-83 or TI-84 calculators, paper, worksheets,
	Instructional Plan (detailed explanation for thing the lesson)

	Pacing
	Teacher Activities
	Student Activities

	0-10 minutes
	Teacher will divide students into groups of 3 or 4. Try to pair students up with others of varying levels of accomplishment and learning styles. Inform the students that they are taking a pre-assessment on the prerequisite material that they will need to know before progressing with the day’s lesson. Provide each student with a copy of the pre-assessment and inform them that they are to work together to be certain that each of them knows the material, as the students are expected to be called on at random to answer and explain at least one question.
	Gather into groups in a reasonably orderly fashion. From here, complete the pre-assessment in the time allotted and discuss among one another each question to be certain that each knows the material. Upon completion, either continue reviewing the material or wait patiently for the teacher to call attention after the time for the assessment expires.

	5-10 minutes
	Call upon random students within a group to answer one of the questions from the pre-assessment. Have them verbally explain their reasoning for answering the question and give them feedback on their work. If a student becomes impossibly stumped, ask their group mates to help them out. Repeat until all questions on the pre-assessment have been reviewed and have the class pass in the pre-assessment to the instructor. 
	Students are to be prepared to be called on for answering a question and explain their reasoning for their answer. If their group mate becomes stuck, they are to be prepared to lend a helping hand in answering the question at the cue of the instructor. Upon completing the review, students are to hand in their assignment to the instructor.

	20-30 minutes
	Teacher is to explain the activity of the day and how the students will use graphing calculators to plot and interpret data. The teacher will pass out the in-class assignment to each student. Following this, the teacher is to lead the activity under the document camera so students are able to follow along. The teacher should also take windows to monitor around the class and provide assistance to students who struggle.
	Students are to work with the instructor on the in-class assignment and provide assistance to their peers so that everyone can progress through the lesson.

	10-15 minutes
	After the class has completed the in-class activity, the instructor will ask one student to repeat the process for the class at the front of the room under the document camera. The teacher will once again have to be prepared to lend assistance to the presenting student.
	One student will repeat the graphing process for the class. The students who are not presenting must show respect for the presenting student and provide feedback on the presenting student’s work. 

	10-20 minutes
	To conclude the lesson, the instructor will pass out the final assessment for the students to work on individually. The teacher is to monitor the class and dispense conversation until each student has completed the assignment. The teacher will then collect the assignment.
	The students will complete the final assessment individually. They are to remain silent during this time and may use their Directions worksheet. Should they complete the assignment early, they are to remain quiet until either all students are done or the allotted time expires.


Instructions for using a TI-83 to obtain a graph from a list of data: 

1. Press 2nd then CATALOG. Scroll down until you find DiagnosticOn. Press Enter until the screen says DiagnosticOn Done.  

2. Press STAT then hit Edit.
3. Enter the values into their respective columns. Be sure to put the x-values into L1 and the y-values into L2. Then press 2nd and QUIT.
4. Press STAT then scroll to CALC. Select LinReg(ax+b).
5. Now press 2nd and 1 to access L1, then “comma”. Now press 2nd and 2 to access L2, and then another “comma”. The screen should now display LinReg(ax+b) L1, L2,
6. Now press VARS. Scroll over to Y-VARS and select Function. Select Y1
7. Once the calculator reads LinReg(ax+b) L1, L2, Y1 press Enter.

8. Press ZOOM and scroll down to select ZoomStat. 
9. Be sure that your parameters for the graph fit. This can be edited by using the Window tab and changing the desired properties of the graph. Press Graph to return to the plot. 
*Notice the “r” value that shows up. This tells you how accurate your line is. For instance, if it says r=.887650 then the line is 88.765% accurate to the actual trend of the data. This means that you could predict where future data points would lie and be correct 88.765% of the time.
Name:





Pre-assessment 

Date:



1) What is the slope of the line that goes through the points (2, 4) and (-1, 7)?

2) What is the equation of the line with a slope of 3 and goes through the point (2, 3)? 

3) What is the slope of x= 3?

4) What is the slope of y= -1?

5) What is the equation of the line that goes through (0,4) and has a slope of 0.5?

For 6-9, determine what type of graph would result from the equation. (linear, quadratic, etc.)

6) x2 + 6 ( x – 3 ) + 11






7) x3 + 4x + 3







8) 3x + x – 1








9) 4672x – 43 (x + 10) – 426




 
Name:




In-class assignment 


Date:



In April 2010, The Deepwater Horizon oil rig exploded which broke a leak in a sea floor oil gusher which in turn spilled millions of gallons of oil into the Gulf of Mexico. Over the course of several months, the oil spread across the coast of the United States. The following data was taken at regular intervals:
Days
Distance of oil spill (in miles)

0
0

4
17

7
37

11
60

14
94

19
120

38
159
Use the linear regression function on the calculator to discover a best fit line to model the data. Write all equations and values below.
With your equation, determine how far the oil will spread after 50 days.

Name:




Final assessment


Date:



The Earth’s population continues to increase at an alarming rate. In the year 1900, Earth’s human population was approximately 1,650,000,000. Now in the year 2010, Earth’s human population is nearly 6,972,000,000. If the Earth’s population threshold is 9,000,000,000 then by what year will the human population exceed this threshold if this trend is to continue given the data below? Round your answer to the nearest ten. Start by inputting years 1900-2010 into L1 and the respective population into L2.
Year

Population (in millions)
1900

1650

1950

2519

1960

2902

1970

3692

1980

4435

1990

5263

2000

6070

2010

6972

   X

9000
Use the linear regression (LinReg( ax + b )) function and write the equation and values below.
Use the QuadReg function and write the equation and values below.
Use your calculator and the information above to solve for the year in which the world’s human population would just exceed the population threshold, if this trend is to continue. This can also be done using the quadratic formula. Round to the nearest whole number.
SOLUTION TO PRE-ASSESSMENT
Name:




Pre-assessment


Date:



1) What is the slope of the line that goes through the points (2, 4) and (-1, 7)?

M= - 1
2) What is the equation of the line with a slope of 3 and goes through the point (2, 3)? 

Y=3x - 3
3) What is the slope of x= 3?

Undefined 
4) What is the slope of y= -1?

Zero 
5) What is the equation of the line that goes through (0,4) and has a slope of 0.5?

Y= 0.5x + 4
For 6-9, determine what type of graph would result from the equation. (linear, quadratic, etc.)

6) x2 + 6 ( x – 3 ) + 11


Quadratic


7) x3 + 4x + 3



Cubic



8) 3x + x – 1




Exponential


9) 4672x – 43 (x + 10) – 426

Linear


 
Solution to in-class assignment
Name:




In-class assignment 


Date:



In April 2010, The Deepwater Horizon oil rig exploded which broke a leak in a sea floor oil gusher which in turn spilled millions of gallons of oil into the Gulf of Mexico. Over the course of several months, the oil spread across the coast of the United States. The following data was taken at regular intervals:

Days
Distance of oil spill (in miles)

0
0

4
17

7
37

11
60

14
94

19
120

38
159
Use the linear regression function on the calculator to discover a best fit line to model the data. Write all equations and values below.

Y= ax + b
a= 4.36696697
b= 11.55315315
r2= 0.9120531056
r= 0.9550147148
With your equation, determine how far the oil will spread after 50 days. Round to the nearest whole number.
230 miles
Solution to Final Assessment

Name:




Final assessment


Date:



The Earth’s population continues to increase at an alarming rate. In the year 1900, Earth’s human population was approximately 1,650,000,000. Now in the year 2010, Earth’s human population is nearly 6,972,000,000. If the Earth’s population threshold is 9,000,000,000 then by what year will the human population exceed this threshold if this trend is to continue given the data below? Round your answer to the nearest ten. Start by inputting years 1900-2010 into L1 and the respective population into L2.

Year

Population (in millions)
1900

1650

1950

2519

1960

2902

1970

3692

1980

4435

1990

5263

2000

6070

2010

6972

   X

9000
Use the linear regression (LinReg( ax + b )) function and write the equation and values below.

Y= ax + b
A= 34.32940252
B= -63308.41981
R2 = 0.7996128012
R= 0.8942107141
Use the QuadReg function and write the equation and values below.

Y= ax2 + bx + c
A= 0.3611520846
B= -1360.058354
C= 1281506.102

R2 = 0.9867130915
Use your calculator and the information above to solve for the year in which the world’s human population would just exceed the population threshold, if this trend is to continue. This can also be done using the quadratic formula. Round to the nearest whole number.
The year 2032. 
