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Unit Title: The Notion of Motion

Grade Levels: 8th-10th grade
Subject/Topic Areas: Algebra I
Key Words: function, one-to-one relationship, independent variable, dependent variable, domain, range, rate of change, slope, calculator based ranger (CBR).
Designed by:
   
Time Frame: 5 90-minute class periods
School District: Copperas Cove I.S.D.
School:  Copperas Cove High School
Brief Summary of Unit (including curricular context and unit goals):  Students will understand that certain phenomenon in the physical world such as motion can be modeled as a one-to-one relationship called a function.  This graphic representation has specific attributes that enables one to analyze the phenomenon, and to formulate a generalization which can be modeled as an algebraic equation.  This equation can be used to solve problems and answer questions related to the situation, and communicate findings logically to others. Students will compare and contrast how rate of change affects function graphs, and how the function graphs differ depending on which measure is independent, and which is dependent.  Students will also learn to interpret graphic, tabular, and algebraic information using a calculator base ranger (CBR) and hand-held graphic utility.  Students will produce written evidence of their ability to read and interpret function graphs using the correct vocabulary terms and conventions of language. 
Pre-requisites:  Mastery of skills related to the parent functions y=x and y=x²
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Established Goals: 


What understandings are desired?


What essential questions will be considered?

What key knowledge and skills will students acquire as a result of this unit?



What evidence will show that students understand?

*Complete a Performance Task Blueprint for each task
Other Evidence (quizzes, tests, prompts, observations, dialogues, work samples):

Student Self-Assessment and Reflection:


What understandings and goals will be assessed through this task?

What criteria are implied in the standards and understandings regardless of the task specifics?

What qualities must student work demonstrate to signify that standards were met?

S
Through what authentic performance task will students demonstrate understanding?

What student products and performances will provide evidence of desired understandings?


By what criteria will student products and performances be evaluated?


What understandings and goals will be assessed through this task?

What criteria are implied in the standards and understandings regardless of the task specifics?

What qualities must student work demonstrate to signify that standards were met?

Through what authentic performance task will students demonstrate understanding?

What student products and performances will provide evidence of desired understandings?


By what criteria will student products and performances be evaluated?



What understandings and goals will be assessed through this task?

What criteria are implied in the standards and understandings regardless of the task specifics?

What qualities must student work demonstrate to signify that standards were met?

Through what authentic performance task will students demonstrate understanding?

What student products and performances will provide evidence of desired understandings


By what criteria will student products and performances be evaluated?



14. In preparation for final performance task and final unit assessment, students will view a computer generated animation program (such as Agile Mind “The Walk” for linear functions and “Catch It” for quadratic functions) The teacher will provide scaffolding questions.  Students will collect tabular information and write and solve algebraic equations related to the situations. W E R E2

15. Mini-quiz #3: Graph attributes and intercepts.

16. Performance Task: The Notion of Motion Meets the Function at the Junction.  T H E2 R
17. Debrief final performance task and do peer critiques. E R E2

18. Students will finish their journal writings and participate in final panel discussion. E R E2

19. Formal Unit Assessment E2

20. Students will prepare their portfolios. T E2
Algebra I


b(1) The student understands that a function represents a dependence of one        quantity on another and can be described in a variety of ways.


The student describes independent and dependent quantities in function relationships.


The student gathers and records data, or uses data sets, to determine functional (systematic) relationships between quantities.


The student describes functional relationships for given problem situations and writes equations…to answer questions arising from the situations.


The student represents relationships among quantities using concrete models, tables, graphs, diagrams, verbal descriptions, equations….


The student interprets and makes inferences from functional relationships. 


B(2) The student uses the properties and attributes of functions.


(B) For a variety of situations, the student identifies the mathematical domains and ranges and determines reasonable domain and range values for given situations.


(C) The student interprets situations in terms of given graphs or creates situations that fit given graphs.


Integrated Physics and Chemistry 


(4) The student knows concepts of force and motion evident in everyday life                             (A) calculate speed, momentum, acceleration…in systems such as in the human body, moving toys…


(C) analyze the effects caused by changing…distance in…the human body.


























STAGE 1 – Identify Desired Results





Students will understand that….


Motion can be depicted graphically.


A one-to-one functional relationship exists between distance and time, and speed and time. 


Function graphs have specific attributes that aid in the interpretation of data.


Function attributes lead to mathematical generalizations that can be written as algebraic equations, which can be used to solve related problems.


 Data can be displayed in a variety of ways (graphic, tabular, algebraic).


Technology can assist the process of data collection and display.








Students will know…			Students will be able to…























Essential


Are the disciplines of math and science mutually inclusive or mutually exclusive?


Does technology make us better able to explore the concepts of math and science, or does the specificity and parameters of electronic data collection hinder exploration?


Is mathematics a universal language?


     Unit


Are the patterns and relationships that occur in the physical world random and chaotic, or ordered and predictable?


Can a variable be independent in one situation and dependent in another, and does it matter?


Are the intersection points on the axes of function graphs significant?


Does every graphic function of physical phenomenon have limits?


How can abstract ideas such as motion, distance, speed, and time be analyzed and communicated?








STAGE 2 – Determine Acceptable Evidence








STAGE 3 – Plan Learning Experiences and Instruction





Consider the WHERETO elements.


�
�
Begin by exploring how motion can be displayed graphically using a calculator based ranger (CBR).  Students will do various motions such as walking toward and away, fast or slow, throwing objects toward, placing motion sensor on the floor and dropping objects, etc.  This data will be displayed for class discussion using an overhead demonstration graphing calculator. H


Introduce essential questions. Students will discuss these briefly in a panel format, and be instructed that they will record thoughts and observations related to them in their journals throughout the unit. Note: key vocabulary will be introduced as needed during instruction and activities. Students will record new vocabulary and write their own definitions in the glossary section of their journals. W


Using teacher-selected functions that were graphed on the TI-83, the teacher will lead students in analyzing the independent and dependent variables (does distance depend on time, or does time depend on distance, etc.).  Students will understand that independent variables are graphed on the x-axis and dependent on the y-axis. E


Students will do independent practice identifying and creating independent/dependent variable statements (examples: a car is traveling from Copperas Cove to Belton.  The variables are time passed and distance traveled.  Label each as independent or dependent. Write an independent/dependent statement for the situation “a child peddles a bike at a constant rate for fifteen minutes on a road leading away from his home”). E2


Students will use CBR data to discuss limits.  Example:  If you throw a ball in the air, what limits how high (dependent variable) the ball can go (the height of the ceiling). Establish that the independent limit is the domain, and the dependent limit is the range.  Discuss the possibility of unlimited activities and how this affects domain and range. E


Students will complete the first mini-quiz on identifying variables and domain/range. E2


Students will be given instruction on how to connect and use the calculator based ranger.  Students will do a walking exercise where they explore walking at a constant rate, an accelerated rate, and a decelerated rate.  They will look at the tabular function of the graphing calculator, and using prior knowledge of parent functions for linear graphs, they will formulate a generalization for the data in the form of an algebraic equation. W E


Students will do guided practice and independent practice applying the skill of writing algebraic equations given function graphs. E2


Students will complete the performance task Running with the Ranger. H E  R E2


Teacher will provide posters, slides, or videos that illustrate functions that can be graphed with either distance (toward of from) or speed as the dependent variables.  Students will do a think/pair/share sketching and discussing two graphs for each situation. H W E


Students will complete the performance task The Fast and the Furious Speed vs. Distance Lab. E2 T


Journal reflection:  Students will revisit their journal entries in relation to the essential questions. R E2


Mini quiz # 2: Given prompts, students will students will match situations to function graphs. E2


                                                                                                                         Continued next page�
�









Performance Task Blueprint


Running with the Ranger








Performance Tasks*


Running with the Ranger: Using a calculator based ranger (CBR) unit students will collect data from motions such as walking, playing with a yo-yo, and throwing a ball.  They will identify the independent and dependent variable, discuss limits (domain and range), explore the rate of change and speed, examine tabular data, and write an algebraic generalization based on their interpretation and use it to write and solve related problems.  


 The Fast and The Furious (speed vs. distance lab).  Students will create function graph representations of motion situations where the dependent variable can be either distance or speed.  They will compare and contrast the attributes of both graphs, and write an analysis explaining the significance.


The Notion of the Motion Meets the Function at the Junction (writing activity). Students will write a narrative situation to explain a given function graph.  They will use their knowledge of function attributes and the skills of interpreting data to create a plausible situation and write about it using appropriate vocabulary, and the correct conventions of language.











Teacher observation of motion lab activities.


Three mini-quizzes on function graph attributes and interpretation.


Journal entries.


Portfolio containing performance task analysis reports, corrected quizzes, and twenty question formal unit assessment test.


  























Students will monitor and adjust their CBR activity to match exemplars.


Students will reflect on each performance task and make journal entries.


As they encounter new information students will record vocabulary words and terms in the glossary section of their journals.


Students will peer critique performance analyses, write comments and make suggestions.


Students will correct their quizzes.





The physical phenomenon of walking or playing with toys can be displayed graphically.


These graphs create a one-to-one relationship called a function.


The distance a person or toy is from the source depends on what moment in time is being identified.








A person or thing cannot be in more than one place at one time.  That is why functions are a one-to-one relationship.


The outcome of one action depends on the other.  This is what determines how functions are graphed.


Graphic representations produce ordered pairs of data which can be displayed on tabular format, and vice versa. Algebraic representation can then be used to generalize the function.


An understanding of parent functions y=x and y=x² assist in writing algebraic equations to generalize functions.


Technology can be used to gather motion data with a high degree of precision.








Students must be able to correctly set up the calculator based ranger unit (CBR) and use it to collect motion data.


Using the ranger, students must be able to create function graphs that match exemplars.


Students must be able to identify and explain independent and dependent variables.


Students must be able to explain how speed affects rate of change, and how this affects the slope of the graph.


Students must be able to identify and explain how physical limitations determine domain and range.


Students must be able to write and correctly solve algebraic equations resulting from function data.





Task Overview: After initial lessons on function attributes, instruction on using a CBR, and class demonstration on graphing motion, students will work in groups of three to set up and use the CBR to graph walking at various speeds, the up and down motion of a yo-yo, and throwing a ball into the air.  They will sketch graphs of each time vs. distance activity and match it to exemplars. They will discuss variables of time/distance and how to identify cause and effect (independent/dependent).  Students will discuss the natural limitations of walking and using the toys in the experimental situation, and how this determines the domain and range of functions.  They will use the table function of the graphing calculator to gather mathematical information and write an algebraic equation related to their motion experiment.











The ordered pairs of distance vs. time can be displayed in a table, and used to create an algebraic generalization.


Certain physical limitations determine how far, high, or fast a person or toy can move.  These limits are the domain and range.








Sketches of graphs with independent/dependent variable and domain and range identified.


Journal entries related to observations and conclusions related to rate of change








Algebraic equations and accompanying problem situations.





Student self-assessment of motion experiment by comparing to exemplars. 


Teacher observation of CBR experiment (use checklist).


Sketches of graphs must have attributes labeled correctly(teacher graded).








Student-created word situations and equations must be clear and concise to the degree that peers can use them to answer questions (peer evaluation).


Journal entry rubric to assess understanding of slope and rate of change.








That data related to motion can be recorded graphically.


That the graph of a one-to-one relationship is called a function.


Graphic data leads to generalizations that can be modeled algebraically.


That attributes of functions aid in data interpretation and communication.


Technology can assist the collection of abstract data, and result in increased precision.





Collect data from the motion situations of time vs. distance and time vs. speed, then compare and contrast.


Identify the independent/dependent variables, and the domain and range of functions, and use this information to interpret motion situations.


Analyze and interpret the relationship between speed and rate of change.


Formulate and use algebraic equations to solve problems related to the situation.


Set up and use a calculator based ranger (CBR) unit.


Write a narrative situation that explains a given function graph.





Performance Task Blueprint


The Fast and the Furious Speed vs. Distance Lab








Students will understand that even though the function graphs appear different, there is a relationship that exists between time, motion, speed, and distance.








Students will understand that the same motion situation will produce different function graphs depending on which variable is independent and which is dependent.








Written explanation of the relationship of time/speed/distance must demonstrate understanding of scientific principles and mathematical application.











Graphs must have function attributes correctly identified.











Task Overview:  After instruction and practice on graphing both distance and speed graphs, students will brainstorm situations that can be graphed as both time vs. distance and time vs. speed (such as climbing up a ladder to slide down a slide, a merry-go-round rotating, a child on a swing). Students will create or download video clips that demonstrate these situations then create function graphs comparing and contrasting the two situations with independent/dependent variables and domain and range correctly identified. Students will participate in a panel discussion on how time, distance and speed are related.














Panel discussion of relationship of time vs. speed and time vs. distance.








Video clips of motion examples.


Two student created graphs of identical situation: one with time as dependent variable, the other with speed as the dependent variable.








Peers will sketch graphs of videos presented (peer review of student work).


Journal entries related to panel discussion on relationship of distance/rate/time.














Video clips demonstrate situations that can be graphed with both speed and distance as the dependent variable (teacher checklist).


Posters of function graphs have attributes correctly labeled, and reasonable scales (grading rubric).








Given a function graph, students will create a plausible story situation that explains what could have happened to generate data that would result in the function being analyzed.





Students will present their story to the class in a creative way (story, song, poem, artwork, play) in addition to a written narrative.








The presentation must relate to the story, and the narrative must be written using the correct conventions of language.











The situations must make sense given the graph.  The story must make sense as it relates to measurements and intercepts.








Task Overview: Students will be provided with a function graph.  The graph will give the following information by way of labeled attributes: independent and dependent variables, domain and range, and labeled scale measurements.  Students will write a story situation that details what could have happened to explain these attributes.  Students will present the story in the form of a performance or artifact.











A creative performance or artifact that conveys the story to an audience.











A completed narrative that explains in detail what situation occurred that could have generated the given graph.





The story contains details that adequately explain all measurement, attributes, and lines on the graph, including specific intersection points, such as the axes intercepts (grading rubric).


The story must make sense given the parameters of the graph (grading rubric).








Teacher and peer review of presentation performance.


Written narrative will be assessed for use of correct vocabulary, grammar, and punctuation.











Performance Task Blueprint


The Notion of Motion Meets the Function at the Junction











