Senior 2, In Motion

Specific Learning Outcomes

S2-3-01 Analyze the relationship among displacement, time, and velocity for an object in uniform motion (3 hr)

S2-3-02 Collect displacement data to calculate and graph velocity versus time for an object that is accelerating at a constant rate (1 hr)

S2-3-03 Analyze the relationships among velocity, time, and acceleration for an object that is accelerating at a constant rate (2 hr)

Global Learning Outcomes

C    SCIENTIFIC AND TECHNOLOGICAL SKILLS AND ATTITUDES

C5: demonstrate appropriate critical thinking and decision-making skills when choosing a course of action based on scientific and

       technological information

C8: evaluate, from a scientific perspective, information and ideas encountered during investigations and technological activities

D    ESSENTIAL SCIENCE KNOWLEDGE

D4: understand how stability, motion, forces, and energy transfers and transformations play a role in a wide range of natural and

       constructed contexts

E     UNIFYING CONCEPTS

E3: recognize that characteristics of materials and systems can remain constant or 
change over time, and describe the conditions and

      processes involved

Cluster 0: Overall Skills and Attitudes

S2-0-2c:
summarize and record information in a variety of forms

S2-0-3a:
state a testable hypothesis or prediction based on background data or on observed events

S2-0-3b:
identify probable mathematical relationships between variables

S2-0-3c:
plan an experiment to answer a specific scientific question

S2-0-4a:
carry out procedures that comprise a fair test

S2-0-4e:
use various methods for anticipating the impacts of different options

S2-0-4f:
work cooperatively with group members to carry out a plan, and troubleshoot problems as they arise

S2-0-4g:
assume responsibilities of various roles within a group and evaluate which roles are most appropriate for given tasks

S2-0-5a:
select and use appropriate methods and tools for collecting data or information

S2-0-5b:
estimate and measure accurately using SI and other standard units

S2-0-5c:
record, organize, and display data using an appropriate format

S2-0-6a:
interpret patterns and trends in data, and infer and explain relationships

S2-0-6b:
identify and suggest explanation for discrepancies in data

S2-0-6c:
evaluate the original plan for an investigation and suggest improvements

S2-0-7a:
draw a conclusion that explains the results of an investigation

S2-0-7b:
identify further questions and problems arising from an investigation

S2-0-8b:
explain the importance of using precise language in science and technology

S2-0-9b:
express interest in a broad scope of science- and technology-related fields and issues

S2-0-9c:
demonstrate confidence in their ability to carry out investigations in science and to address STSE issues

	Planning Sheet for Single Science Lessons
	Lesson 1: Introduction to the Physics unit ‘In Motion’
	Cluster: In Motion
Grade: Senior 2

Period: 70 Minutes


	Learning Outcomes/Goal Focus
	Teacher Reminders
	Learner Tasks
	Gear Required

	A. Scientific Inquiry

Initiating, Researching, Planning

Walk to the sun activity: Determining what information is needed to calculate how long it would take to walk to the sun.
Implementing: Observing, Measuring, Recording

Walk to the sun: Measuring distance and time to calculate walking speed 
Analyzing and Interpreting

Analyzing and interpreting ideas about physics in context of prior knowledge and preconceptions
Concluding and Applying

Reaching conclusions about Idea Card statements based on available information (prior knowledge, group discussion)

B. STSE Issues/Design Process/Decision-making
Physics is all around us. It gives us a way of understanding phenomena in our environment. A variety of perspectives can be used to apply this understanding to everyday situations.
C. Essential Science Knowledge
Physics is a sub-discipline within science. It is a physical science that deals with matter, energy, and forces. One topic in physics is motion (mechanics)—how (kinematics) and why (dynamics) objects move in the way that they do.

What will you assess?
Preconceptions
How will you assess it?
Think-Pair-Share—nature of physics questions

Diagnostic tool—Idea Cards
	Teacher explains students will begin an exploration of physics. Teacher instructs students to get a piece of paper and a pen to answer some basic questions about the nature of physics.

Teacher instructs students to share their answers with a partner. Each student should select one idea from their partner to add to their paper.
Teacher invites each pair of students to choose one response to each question.
Teacher emphasizes that one goal of the unit is to have students gain a sense of what physics is. The particular area of physics to be studied is some aspects of motion. Students will revisit the questions and recorded responses at the end of the unit to self-assess learning.

Teacher arranges students into groups of five and distributes ‘Idea Cards’. Students are instructed to reach a group consensus on whether the statements are true or false.
Work through the Idea Cards giving selected groups the opportunity to share their rationale for their answers. Without discussing the correct response to the statements, explain that they will be revisited throughout the unit.

Explain the scenario for the ‘Walk to the Sun’ activity. Select three students (a walker, a timer, a measurer) to collect information to calculate speed. For homework students need to complete calculations.
	Students independently write down their answers based on their prior knowledge.

Students engage in pair sharing. They will take turns sharing responses and each add one idea to his/her list.
Students share responses with the class and record the various ideas in their notebooks.

Students work their way through the Idea Cards discussing each point and deciding if it is true or false.
One student from each group shares the decision reached for selected statements. One student records on the chalkboard the number of true/false answers generated for each statement by the groups.

One student measures a distance to be walked. One student walks the measured distance while another measures the time it takes. Information is used to calculate walking speed and time it would take to walk to the sun.
	Think-pair-share questions—nature of physics

Idea cards—diagnostic tool

Walk to the Sun Activity

· Metre stick

· Stopwatch

· Calculator


Questions to consider in your planning/ delivery

1. How long will each phase last?

     Think-pair-share—15 min

     Idea Cards—30 min

     Walk to the sun activity—15 min

2. How am I going to organize working groups?

     Pairs for think-pair-share

     Groups of 5 for Idea Cards

3. How will I organize/distribute equipment?

1 student from each group collects Idea Cards from teacher

4. Am I emphasizing specific skills and knowledge development?

Articulating ideas about science-related phenomena based on observation, prior knowledge, preconceptions

5. Am I giving clear instructions and asking purposeful questions?

6. What must I look for in monitoring student learning

     Ability to provide rationale for answers


THINK-PAIR-SHARE—the Nature of Physics
1. What comes to your mind when you hear the word physics?

2. Name at least one scientist, living or not, who you think has contributed to physics.

3. Name a ‘science idea’ that you think is related to physics.

IDEA CARDS

1. A vehicle that is speeding up has an increasing acceleration.

2. Scientific ideas about motion do not apply to objects that are not moving.

3. A bike goes from 0 to 10 km/hr in the same length of time as a car that goes from 50 to 60 km/hr. The car has a greater acceleration.

4. If two objects of similar size but different weights are dropped at the same time from the same height. The heavier object will reach the ground first.

5. In car collisions people are often thrown out their vehicles.

6. Falling objects have no force acting on them.

7. This graph represents a vehicle moving at a constat speed.   Distance













Time

8. This graph represents a vehicle that is speeding up.








Distance











Time

9. If there is a collision between a larger vehicle and a smaller vehicle, the larger vehicle will exert more force.

10. Friction is a force that is exerted only when something is moving.

WALK TO THE SUN ACTIVITY
How long would it take to walk to the sun?

· Ask students what information is required to answer this question. (distance, walking speed)

· Ask students how they can get this information. (recorded information, estimation, measurement)

· Set up a data collection procedure to obtain walking speed.

· Measure a distance to be walked in the classroom or hallway

· Walk the measured distance while being timed—multiple trials

· Use distance and average time to calculate walking speed

· Use distance to sun (149,637,000 km) and calculated walking speed to calculate how long it would take to walk to the sun.

Purpose: to refresh students memory in completing a simple d, t, v calculation; to introduce students to a ‘horizontal motion’ problem; to work through a problem as a group; to generate discussion about the meaning of the final answer

	Planning Sheet for Single Science Lessons
	Lesson 2: Lab Activity—data collection—position and velocity for uniform motion
	Cluster: In Motion
Grade: Senior 2

Period: 70 Minutes


	Learning Outcomes/Goal Focus
	Teacher Reminders
	Learner Tasks
	Gear Required

	A. Scientific Inquiry

Initiating, Researching, Planning

Plan how apparatus will be set up to gather required information
Implementing: Observing, Measuring, Recording

Complete lab procedure; visually observe motion; create a visual/conceptual representation of motion 
Analyzing and Interpreting

Analyze motion to write a descriptive statement about observed motion; interpret visual/conceptual representation of motion 
Concluding and Applying

Develop operational definitions of vocabulary words based on prior knowledge and observations made during lab activity
B. STSE Issues/Design Process/Decision-making

NA

C. Essential Science Knowledge
Developing operational definitions of position, distance, displacement, time, speed, and velocity to describe observed motion from a science perspective. ‘Science language’ needs to be precise and unambiguous. 

What will you assess?
Correct completion of lab procedure; cooperative group work; ability to formulate operational definitions of vocabulary words
How will you assess it?
Observation of groups; monitor group discussions and written records
	Review Walk to the Sun exercise to ensure all students can complete the calculations and to discuss the meaning of the answer (assumptions, limiting variables under investigation).
Teacher explains that a lab activity will be used to investigate the relationship between position and velocity when there is uniform motion (constant velocity). Emphasize that making observations about motion and describing motion from a scientific perspective is a precursor to answering questions about why motion happens the way that it does, i.e. the physics of motion.
Teacher organizes students into groups of five and instructs them to set up inclined planes each group with a different slope (to vary velocity of the horizontal motion).
Emphasize that what the students have created is a visual/conceptual representation of the motion of the ball.

Introduction of vocabulary related to investigation: position, distance, displacement, time, speed, velocity. Emphasize that these words are commonly used to describe motion. Students need to understand how a physicist uses them. 
	One student will write the calculation using an overhead projector or the chalk board.

Students will roll the ball down the inclined plane and along a table and record observational statements to describe the motion of the ball.

Students will repeat the procedure using a camcorder to record the motion of the horizontal ball along the table.

Students will play their videotapes using the TV/VCR. With a sheet of acetate on the television screen they will mark changes in the position of the ball by advancing the tape frame by frame.

In their groups students will work cooperatively to record their conceptions of the vocabulary words. 
	Camcorders

Television and VCR

Balls

Planks for inclined plane

Acetate sheets

Markers


Questions to consider in your planning/ delivery

1. How long will each phase last?

     Walk to the sun activity—10 min

     Lab activity—40 min

     Vocabulary—15 min

2. How am I going to organize working groups?

     Groups of 5

3. How will I organize/distribute equipment?

1 student from each group will collect apparatus

4. Am I emphasizing specific skills and knowledge development?

Systematically completing lab procedure and record keeping; observational skills; development of a scientific perspective and scientific language; cooperative learning

5. Am I giving clear instructions and asking purposeful questions?

Emphasize clearly defined observations as basis for making conclusions  

6. What must I look for in monitoring student learning?

Understanding and execution of lab procedure; correct use of vocabulary; accurate recording; accurate interpretation of visual representation


LABORATORY ACTIVITY: INVESTIGATING POSITION AND VELOCITY FOR UNIFORM MOTION
Student groups investigate position and velocity for uniform motion using videotape analysis.

Students set up an inclined plane using a wooden plank and a stack of books so that a ball released at the top of a plank can move along a horizontal surface for at least 5 metres. By instructing each group to use a different number of books comparisons can be made for balls moving at different velocities along the horizontal surface.

Students should complete a few test runs to observe what happens when the ball is released. To videotape the motion of the ball the camera must be held stationary and must record at least a 5 metre distance of horizontal motion. Use a ball of a colour that contrasts with the background to ensure that it is clearly visible in the videotape recording. 

Students play back the videotape on a VCR with frame-by-frame advance. By placing an acetate sheet over the television screen they will mark the position of the ball on the sheet every frame or every few frames. Normally a videotape can be played back at 30 frames per second. Students will measure the distance between the dots. To convert to real distances the students will calculate a conversion factor by comparing the real total distance (5 metres) and the total distance measured on the acetate sheet. Students will calculate the time by using the number of frames advanced and the known number of frames per second.

The result is a visual/conceptual representation of the motion of the ball.

For uniform motion the marks on the acetate sheet will be evenly spaced.

VOCABULARY (Sciencepower 10, p. 296-297)
Position: describes an object’s location as seen by an observer from a particular viewpoint

Distance: measure the total length of a journey

Displacement: describes how much an object’s position has changed

Time: describes when an event occurs; time interval describes the duration of an event  

Speed: describes how fast an object’s position is changing

Velocity: describes the speed and direction of motion

	Planning Sheet for Single Science Lessons
	Lesson 3: Lab Activity—analysis—position and velocity for uniform motion
	Cluster: In Motion
Grade: Senior 2

Period: 70 Minutes


	Learning Outcomes/Goal Focus
	Teacher Reminders
	Learner Tasks
	Gear Required

	A. Scientific Inquiry

Initiating, Researching, Planning

NA
Implementing: Observing, Measuring, Recording

Measurement of marks on visual representation; construction of data table; construction of graph 
Analyzing and Interpreting

Describing motion using visual and graphical representations of motion; explaining why different groups have differences in their representations
Concluding and Applying

The various representations show uniform motion; using time and distance measurements to conceptualize and calculate velocity
B. STSE Issues/Design Process/Decision-making

Different perspectives can be used to scientifically describe the same phenomena

C. Essential Science Knowledge
There is a relationship between time, distance, and velocity; the visual representation shows change in position at different times; the smaller the spacing between marks the slower the object is moving; the graphical representation also shows change in position over time; the steeper the slope of the distance-time graph the faster the object is moving; uniform motion means that velocity does not change

What will you assess?
Graphical representations
How will you assess it?
Group presentations of lab results
	Teacher and students discuss what the acetate sheet shows—a visual/conceptual representation of the observed motion of the ball along a horizontal plane.

Instruct students in the construction of a data table that records time, displacement, and distance. Clarify the meaning of these terms.

Emphasize that with the information contained in the data table the motion of the ball can now be described numerically.
Provide students with graph paper and ask them how the information in the data table can be represented graphically. For comparison purposes emphasize that all students need to agree upon a common graphing procedure (length of axes, scale). 

Provide each group with an overhead transparency and markers. 

Lead a discussion to define the similarities and differences in the graphs (straight lines, different slopes).

Clarify vocabulary and the relationship between time, displacement/distance, and speed/velocity. The motion can also be described symbolically using mathematical relationships. How can the information in the data tables and on the graphs be used to determine how fast the ball is moving?
	Students will examine the marks on the acetate and using this information only record statements that describe the motion of the ball.

Students will construct data tables by measuring the distance between the marks on the acetate and calculating time based on the number of frames displayed per second.

Students will record statements that numerically describe the motion of the ball based only on information in the data tables.

Students collectively determine the format of the graphs and then work in their groups to construct time-distance graphs.

Each group will reproduce their graph on an overhead transparency to share with the class. 

Students record statements explaining why the lines have different slopes (different speeds). In groups students will use their data to describe the relationship between time, displacement/distance, and speed/velocity.

Use mathematical relationships to record velocity in the data table. Students record a statement describing the motion of the ball using speed/velocity (uniform). 
	Overhead transparencies

Markers

Graph paper

Questions to consider in your planning/ delivery

1. How long will each phase last?

     Visual representation—10 min

     Numerical representation—15 min

     Graphical representation—10 min

     Group presentation—20 min

     Symbolic representation—10 min

2. How am I going to organize working groups?

     Groups of 5

3. How will I organize/distribute equipment?

     Teacher distributes supplies to groups

4. Am I emphasizing specific skills and knowledge development?

Looking for similarities and differences in representations and developing explanations based on scientific understanding 

5. Am I giving clear instructions and asking purposeful questions?

Emphasize that the same phenomena can be scientifically described in different ways 

6. What must I look for in monitoring student learning?

     Accurate representations of motion

     Accurate interpretations of representations 






NUMERICAL REPRESENTATION—Data Table

	Time
	Distance
	Displacement
	Velocity

	
	
	
	

	
	
	
	




GRAPHICAL REPRESENTATION-uniform motion
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SYMBOLIC REPRESENTATION



Velocity = Distance




        Time
	Planning Sheet for Single Science Lessons
	Lesson 4: Lab Activity—data collection—position  and velocity for uniform acceleration
	Cluster: In Motion
Grade: Senior 2

Period: 70 Minutes


	Learning Outcomes/Goal Focus
	Teacher Reminders
	Learner Tasks
	Gear Required

	A. Scientific Inquiry

Initiating, Researching, Planning

Plan how apparatus will be set up to collect required information
Implementing: Observing, Measuring, Recording

Complete lab procedure; visually observe motion; create a visual/conceptual representation of motion 
Analyzing and Interpreting

Analyze motion to write a descriptive statement about observed motion; interpret visual/conceptual representation of motion 
Concluding and Applying

Develop operational definitions of acceleration based on prior knowledge and observations made during lab activity

B. STSE Issues/Design Process/Decision-making

NA

C. Essential Science Knowledge
Developing operational definition of acceleration to describe observed motion from a science perspective. ‘Science language’ needs to be precise and unambiguous.

What will you assess?
Correct completion of lab procedure; cooperative group work; ability to formulate operational definitions of acceleration
How will you assess it?
Observation of groups; monitor group discussions and written records
	Review procedure and results for velocity calculations.

Clarify the meaning of the time-velocity graph (constant velocity). Lead discussion about velocity that does not remain constant in the context of everyday situations. Emphasize to students that the goal is to scientifically describe the ideas of going faster and going slower.

Teacher explains that a lab activity will be used to investigate the relationship between position and velocity with changing velocity (uniform acceleration).

Teacher organizes students into groups of five and supplies each group with a ball. Each group will be instructed to set up the inclined plane with a different slope to vary acceleration.
Emphasize that what the students have again created is visual/conceptual representation of another aspect of the motion of the ball.

Introduction of vocabulary related to investigation: acceleration
	Students sketch a time-velocity graph.
In pairs students brainstorm some idea about how to describe speeding up and slowing down. What variables need to be considered? How does it compare to uniform motion?
Students will roll the ball down the inclined plane and record observational statements to describe the motion of the ball.
Students will repeat the procedure using a camcorder to record the motion of the ball as it moves along the inclined plane.

Students will play their videotapes using the TV/VCR. With a sheet of acetate on the television screen they will mark changes in the position of the ball by advancing the tape frame by frame.
In their groups students will work cooperatively to record their conceptions of the vocabulary words.
	Camcorders

Television and VCR

Balls

Acetate sheets

Markers

Plank

Questions to consider in your planning / delivery
1. How long will each phase last?

     Time-velocity graph—15 min

     Lab activity—30 min

     Vocabulary—15 min

2. How am I going to organize working groups?

     Groups of 5

3. How will I organize/ distribute equipment?

1 student from each group will collect apparatus

4. Am I emphasizing specific skills and knowledge development?

Systematically completing lab procedure and record keeping; observational skills; development of a scientific perspective and scientific language; cooperative learning

5. Am I giving clear instructions and asking purposeful questions?

Emphasize clearly defined observations are the basis for making conclusions

6. What must I look for in monitoring student learning?

Understanding and execution of lab procedure; correct use of vocabulary; accurate recording; accurate interpretation of visual representation


LABORATORY ACTIVITY: INVESTIGATING POSITION AND VELOCITY FOR UNIFORM ACCELERATION
Student groups investigate position and velocity for uniform acceleration using videotape analysis.

Students set up an inclined plane using a wooden plank and a stack of books so that a ball released from the top of the plank will roll down for a distance of at least five metre. By instructing each group to use a different number of books comparisons can be made for balls moving at different rates of acceleration.

Students should complete a few test runs to observe what happens when the ball is released. To videotape the motion of the ball the camera must be held stationary and must record the motion of the ball down the inclined plane for a distance of at least a 5 metre distance. Use a ball of a colour that contrasts with the background to ensure that it is clearly visible in the videotape recording. 

Students play back the videotape on a VCR with frame-by-frame advance. By placing an acetate sheet over the television screen they will mark the position of the ball on the sheet every frame or every few frames. Normally a videotape can be played back at 30 frames per second. Students will measure the distance between the dots. To convert to real distances the students will calculate a conversion factor by comparing the real total distance (5 metres) and the total distance measured on the acetate sheet. Students will calculate the time by using the number of frames advanced and the known number of frames per second.

The result is a visual/conceptual representation of the motion of the ball.

For uniform positive acceleration the spacing between the marks on the acetate sheet will increase with distance and time.

VOCABULARY (Sciencepower 10, p. 296-297)
Acceleration: describes how much an object’s velocity changes in a certain time interval. It results from any change in velocity: 
          speeding up, slowing down, changing direction, or a combination.

	Planning Sheet for Single Science Lessons
	Lesson 5: Lab Activity—analysis—position  and velocity for uniform acceleration 
	Cluster: In Motion
Grade: Senior 2

Period: 70 Minutes


	Learning Outcomes/Goal Focus
	Teacher Reminders
	Learner Tasks
	Gear Required

	A. Scientific Inquiry

Initiating, Researching, Planning

NA
Implementing: Observing, Measuring, 

Recording

Measurement of marks on visual representation; construction of data table; construction of graph 
Analyzing and Interpreting

Describing motion using visual and graphical representations of motion; explaining why different groups have differences in their representations
Concluding and Applying

Describing motion using visual and graphical representations of motion; explaining why different groups have differences in their representations
B. STSE Issues/Design Process/Decision-making

Different perspectives can be used to scientifically describe the same phenomena

C. Essential Science Knowledge
The relationship between time, velocity, and acceleration; the visual representation shows change in position at different times; the spacing between the marks will increase for positive acceleration and decrease for negative acceleration; the graphical representation also shows change in position over time; the steeper the slope of the velocity-time graph the greater the acceleration; uniform acceleration means that velocity changes at a constant rate

What will you assess?
Graphical representations
How will you assess it?
Group presentations of lab results
	Teacher and students discuss what the acetate sheet shows—a visual/conceptual representation of the observed motion of the ball moving down the inclined plane.
Instruct students to construct a data table to record change in time and change in position and to describe the motion of the ball numerically.
Provide students with graph paper and ask them to construct time-distance graphs. Ask one student to reproduce on the chalkboard a time-distance graph for uniform motion from the previous lab (linear relationship) and for uniform acceleration (non-linear relationship).
Review the relationship between time, distance, and velocity.

Lead a discussion to define the similarities and differences in the graphs (straight lines, different slopes). Introduce the concept of acceleration from a ‘common use’ and a scientific perspective. Compare time-distance graph (uniform motion) and time-velocity graph (uniform acceleration).
	Students will examine the marks on the acetate and use this information only to record statements that describe the motion of the ball. 

Students will construct data tables by measuring the distance between the marks in the acetate and calculating time based on the number of frames per second.

Students will record statements that numerically describe the motion of the ball based only on the information in the data tables.

Students will record statements explaining differences in the graphs.

Students will complete data table by calculating velocity for each time interval and construct time-velocity graphs.

Each group will reproduce their graph on an overhead transparency to share with the class.

Students record statements explaining why the lines have different slopes (different accelerations). In their groups students will use their data to describe the relationship between time, velocity, and acceleration.
	Overhead transparencies

Markers

Graph paper

Questions to consider in your planning / delivery
1. How long will each phase last?
     Visual representation—10 min

     Numerical representation—15 min

     Graphical representation—10 min

     Group presentation—20 min

     Symbolic representation—10 min

2. How am I going to organize working groups?

     Groups of 5

3. How will I organize/distribute equipment?

     Teacher distributes supplies to groups

4. Am I emphasizing specific skills and knowledge development?

Looking for similarities and differences in representations and developing explanations based on scientific understanding

5. Am I giving clear instructions and asking purposeful questions?

Emphasize that the same phenomena can be scientifically described in different ways 

6. What must I look for in monitoring student learning?

     Accurate representations of motion

     Accurate interpretations of representations




NUMERICAL REPRESENTATION—Data Table

	Time
	Distance
	Displacement
	Velocity
	Acceleration

	
	
	
	
	

	
	
	
	
	




GRAPHICAL REPRESENTATION-uniform acceleration
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SYMBOLIC REPRESENTATION



Acceleration = Velocity
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	Planning Sheet for Single Science Lessons
	Lesson 6: Lab Activity—reporting conclusions—uniform velocity and uniform acceleration
	Cluster: In Motion
Grade: Senior 2

Period: 70 Minutes


	Learning Outcomes/Goal Focus
	Teacher Reminders
	Learner Tasks
	Gear Required

	A. Scientific Inquiry

Initiating, Researching, Planning

Planning as a group how to display results
Implementing: Observing, Measuring, Recording

Observing similarities and differences in the different ways of representing motion
Analyzing and Interpreting

Interpretation of graphs and explaining differences
Concluding and Applying

Summarizing findings and creating a summary presentation

B. STSE Issues/Design Process/Decision-making

Scientific investigation in a collaborative effort; effective communication skills are needed to make sense of science ideas

C. Essential Science Knowledge
Time-distance graphs represent velocity; straight line represents constant velocity; velocity (m/s) can be calculated if distance (m) and time (s) are known; time-velocity graphs represent acceleration; straight line represents constant acceleration; acceleration (m/s/s) can be calculated from velocity (m/s) and time (s)

What will you assess?
Posters from each group
How will you assess it?
Group mark using a rubric
	Ask one student to reproduce his/her group’s time-distance and time-velocity graphs on the chalkboard.

Ask students to look for similarities in the time-distance and time-velocity graphs.

Ensure students understand how units of velocity and acceleration are determined and can explain what they mean.

Clarify the relationship between time, speed/velocity, and acceleration. Emphasize that the motion of the ball can again be described symbolically using mathematical relationships.

Use overhead projector to provide instructions to student groups on how to complete a poster summarizing their findings from the lab activities. Explain the poster will be assessed and the students will receive a group mark. The poster is to be completed by the end of the period. Review hints for effective group work (written on chalkboard).
	Students explain how the time, distance, velocity relationship is represented on the time-distance graph.

Students explain how the time, velocity, acceleration relationship is represented on the time-velocity graph.

Students explain that the time-distance relationship yields units in m/s and the time-velocity relationship yields units in m/s/s.

Students will use mathematical relationships to record acceleration for each time interval in the data table. Students will construct a time-acceleration graph. Students will record a statement describing the motion of the ball using acceleration.

Students collect supplies (poster paper, markers, rulers) and complete poster for submission at the end of the period.
	Poster paper

Markers

Rulers

Questions to consider in your planning / delivery
1. How long will each phase last?

     Graphs—20 min

     Poster—50 min

2. How am I going to organize working groups?

     Groups of 5

3. How will I organize/distribute equipment?

1 student from each group will collect supplies

4. Am I emphasizing specific skills and knowledge development?

     Conceptual understanding of kinematics

5. Am I giving clear instructions and asking purposeful questions?

The purpose of the poster is to summarize and synthesize observations and to effectively communicate conclusions 

6. What must I look for in monitoring student learning?

Correct interpretation of time-distance and time-velocity graphs; understanding of units of velocity and acceleration; participation in group work; correct use of vocabulary


GROUP TASK: Reporting Lab Activities
1. Create a appropriate title for your poster

2. Report findings from the constant velocity lab activity by reproducing your:
· Visual representation
· Numerical representation
· Graphical representation
· Symbolic representation
3. Write a concluding statement describing the motion of the ball using appropriate physics language
4. Report findings from the constant acceleration lab activity by reproducing your:
· Visual representation
· Numerical representation
· Graphical representation
· Symbolic representation
5. Write a concluding statement describing the motion of the ball using appropriate physics language
(Purpose: for students to summarize the lab activities; to give students the opportunity to consolidate their learning and asses their own understanding; to give the teacher a means of assessing student learning; to create posters that can be displayed in the classroom for student reference)
	Planning Sheet for Single Science Lessons
	Lesson 7: Application of learning
	Cluster: In Motion
Grade: Senior 2

Period: 70 Minutes


	Learning Outcomes/Goal Focus
	Teacher Reminders
	Learner Tasks
	Gear Required

	A. Scientific Inquiry

Initiating, Researching, Planning

Plan how to apply learning to a new situation
Implementing: Observing, Measuring, Recording

Recording information using the instructed method of representing motion
Analyzing and Interpreting

Using different representations to describe motion
Concluding and Applying

Applying knowledge of motion and physics language to describe motion in an everyday situation

B. STSE Issues/Design Process/Decision-making

Physics ideas and language helps in the understanding and explanation of motion in common phenomena; using physics ideas and language to describe how motion happens (kinematics) sets the stage for explaining why motion happens the way it does (dynamics)

C. Essential Science Knowledge
Consolidation of learning about kinematics; consolidation of learning about how to scientifically describe motion

What will you assess?
Presentations of group work
How will you assess it?
Informal assessment of understanding of kinematics and communicating from a science perspective
	Explain that scientists will use controlled experimental conditions such as those the students created to complete the lab activities to try to understand how motion works. The knowledge gained is then used to explain other observed phenomena. The science perspective and science language can be used to describe and explain everyday situations.

Organize students into five groups. Present scenario of a student walking to school using an overhead projector. Explain that they will be asked to describe the motion.

Emphasize that the scenario is more complex than the controlled lab activity and that students will need to figure out how to apply their learning to a new situation.

Ask students what additional factors would need to be considered in a real-life situation.

Discuss what assumptions and simplifications are necessary to complete the assigned task (assume uniform motion for each segment of the journey). Ask students why it is beneficial for scientists to use assumptions and simplifications.

Distribute an instruction card and necessary supplies to each group. Each group must describe the motion of the depicted student in a different way (non-scientifically, visually/conceptually, numerically, graphically, symbolically).


	Students brainstorm and discuss ideas (simplify the task by breaking the route down into segments with constant velocity)

Students brainstorm and discuss ideas (motion is not likely to be uniform)

Students brainstorm and discuss ideas.

In groups students collectively decide how they will, in accordance with their instruction cards, represent and describe the motion of the depicted student. The students will reproduce their representation on an overhead transparency and select one group member to present the results to the class.


	Instruction cards-uniform motion

Overhead transparencies

Graph paper

Ruler

Calculator

Questions to consider in your planning/

delivery.

1. How long will each phase last?

     Group work—40min

     Presentations—20 min

2. How am I going to organize working groups?

     5 groups of students

3. How will I organize/distribute equipment?

Teacher will distribute instructions and supplies to students

4. Am I emphasizing specific skills and knowledge development?

Application of skills and knowledge to a new situation

5. Am I giving clear instructions and asking purposeful questions?

Emphasize that scientific ideas can be applied to explain everyday situations 

6. What must I look for in monitoring student learning?

Correct application of learning; correct use of physics vocabulary; understanding of different representations of motion; participation in group work; effective communication of ideas


INSTRUCTION CARDS

GROUP 1 (scrap paper, overhead transparency, marker)
You were late for school again and you need to give your mom an explanation. Describe your motion as you travelled from home to school using a non-scientific perspective.

GROUP 2 (scrap paper, copy of map, overhead transparency, marker) 
Create a visual/conceptual representation of your motion as you travelled from home to school. Your representation should show your position at one minute time intervals. Write a statement describing your motion based on your visual representation.    

GROUP 3 (scrap paper, graph paper, ruler, overhead transparency, marker)
Using the time and distance information provided on the map numerically represent your motion as you travelled from home to school. Create a data table that records time, distance, and displacement. Write a statement describing your motion based on your numerical representation. What can you determine about your relative speed?

GROUP 4 (scrap paper, calculator, overhead transparency, marker) 
Using the time and distance information provided on the map graphically represent your motion as you travelled from home to school. Create a position-time graph. What assumption do you need to make to do this? Write a statement describing your motion using your graphical representation. Using your graph, what can you determine about your relative speed?   

GROUP 5

Your motion as you travelled from home to school can be represented symbolically by using mathematical relationships. Use the mathematical relationship between time, distance, and speed to symbolically describe each part of your route. Write a statement describing your motion using your symbolic representation.
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