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Task/Assessment Name: 
Cliffhanger… Tragedy at Quiche Canyon
Unit or Course: 
Motion
Developers: 
Hartford High School Science Department
Purpose: Summative Assessment
Vermont Framework Standards (standard number and title; no bullets): 

· Inquiry: 7.1; 7.2; 1.17 1.20

· Space, Time, Matter: 7.12 d,dd,ddd
Vermont Grade Expectations or Local Learning Goals: 

Enduring Knowledge: (Predicting and Hypothesizing): Scientists’ explanations about what happens in the world come partly from what they observe and partly from what they think. Preliminary explanations are constructed with conceptual knowledge and propose a new level of understanding. At early stages, students think about what may happen during an investigation and justify their thinking. At later stages, students identify cause and effect relationships within an hypothesis and base predictions on factual evidence more than opinions.
Students demonstrate their understanding of PREDICTING AND HYPOTHESIZING by…
· Developing a testable/guiding hypothesis and predictions based upon evidence of scientific principles. AND
· Predicting results (evidence) that support the hypothesis. AND
· Clearly distinguishing cause and effect within a testable/guiding hypothesis.
Enduring Knowledge (Designing Experiments): Students design investigations that control variables, generate adequate data/observations to provide reasonable explanations, and can be reproduced by other scientists. At early stages, experimental design reflects what the experimenter will do to answer a question and ensure that a test is fair. At later stages, students design investigations that will produce the appropriate kinds of evidence to support or refute an hypothesis. Multiple trials or the collection of multiple data points are incorporated into the design and variables are controlled to ensure that the investigation is valid and reproducible.
Students demonstrate their understanding of EXPERIMENTAL DESIGN by…
· Writing a plan related to the question and prediction that includes:
a. Procedures that incorporate appropriate protection (e.g., no food in lab area).
b. Appropriate tools, units of measurement and degree of accuracy.
c. Components that reflect current scientific knowledge and available technology .
d. Use of scientific terminology that supports the identified procedures

Enduring Knowledge (Conducting Experiments): Students follow an experimental design and use scientific tools (including measurement tools) appropriately and accurately. At early stages, students are encouraged to pay close attention to their experimental plan and record data throughout an investigation. At later stages, students engage in extended investigations and use more sophisticated science tools including computers.
Students demonstrate their ability to CONDUCT EXPERIMENTS by…
· Collecting significant data by completing multiple trials; AND
· Evaluating and revising procedures as investigation progresses.

Enduring Knowledge (Representing Data and Analysis): Students represent data using text, charts, tables, graphs.
Students demonstrate their ability to REPRESENT DATA by…
· Representing data quantitatively to the appropriate level of precision through the use of mathematical calculations. AND
· Developing the skill of drawing a “best fit” curve from data. AND
· Recording accurate data, free of bias. AND
· Explaining importance of avoiding plagiarism/fabrication of other recorded research data.
Students demonstrate their ability to ANALYZE DATA by…
· Accounting for identified experimental errors. AND
· Analyzing significance of experimental data. AND
· Critically examining and explaining the relationship of evidence to the findings of others (e.g., classmates or scientists in the field).
Students demonstrate their ability to EXPLAIN DATA by…
· Proposing, synthesizing, and evaluating alternative explanations for experimental results. AND
· Citing experimental evidence within an explanation. AND
· Including logically consistent position to explain observed phenomena. AND
· Comparing an experimental conclusion to other proposed explanations by peer review (e.g., students, scientists or local interest groups). AND
· Conducting objective scientific analysis and evaluating potential bias in the interpretation of evidence. AND
· Identifying and evaluating uncontrolled variables inherent in experimental model. AND EXTENSION:
· Considering multiple variables when interpreting mathematical analysis.

Enduring Knowledge (Applying Results): Students synthesize the results of an investigation by generating new questions related to the results of the investigation, stating a general rule regarding the understandings learned from the investigation, or applying the understandings learned to similar situations. At early stages, students make connections between classroom investigations and similar situations or experiences. At later stages, students recognize that different explanations can sometimes arise from the same evidence. Students demonstrate an ability to resist over-generalization based on insufficient evidence and suggest the types of evidence that need to be gathered in order to better understand the focus of the investigation
Students demonstrate their ability to APPLY RESULTS by…
· Using technology to communicate results effectively and appropriately to others (e.g., power point, web site, posters, etc.). AND
· Predicting/recommending how scientific conclusions can be applied to civic, economic or social issues. AND
· Proposing and evaluating new questions, predictions, procedures and technology for further investigations.
Enduring Knowledge: Everything is constantly moving; motion is relative, but the motion of an object can be described and predicted by tracing and measuring its position over time.

Students demonstrate their understanding of Motion by modeling, illustrating, and explaining the path of an object which has horizontal and free fall motion (i.e., football, bullet).
Teacher Materials and Administration Notes:

Materials for the motion task are straight forward and easily obtained from instructional kits or local vendors and are easily substituted. 

· Plastic rulers with divots (one per group, plus extra for breakage)

· Marble (one per group, plus extra for loss)

· Blocks of wood (5 per group to make ramp)

· Meter stick (one per group)

· Post-it notes (cut into 1cm strips if desired)


The lab component of this activity also requires a flat surface at least 80cm off the ground to set up the ramp and sufficient space to have a marble roll off the edge of the table.

Scenario:
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At 4AM, a call came into the Quiche Precinct.  An explosion had been heard near the canyon.  Relevant sections from the police report indicate the following:

· Investigators arrived at the scene at 4:17am and discovered the burning remains of 1967 Mustang 50 meters below the bridge.  

· Just after sunrise, a team of crime scene investigators were lowered to the riverbed and measured the horizontal distance to the car at 10m.

· The investigators concluded that there were no skid marks on the bridge.

· The charred remains of an adult male were found in the wreckage.

· Initial assessment of the situation indicated that the car was travelling at a high rate of speed before descending off the bridge. 

The team has requested the analysis of you, a forensic physicist, to confirm that the detective’s initial assessment is correct. Does the evidence support the initial assessment that the driver ran off the bridge due to excessive high speed?

Question 1:  If the car was traveling at a high horizontal speed when it left the road, would it affect how long it took the car to hit the ground?  Support your answer.
1. Depth of Knowledge:        Webb Level 1           

2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S9-12:19: 
Students demonstrate their understanding of Motion by…


Using modeling and illustrating, to explain how distance and velocity change over time for a free falling object.
3. Pre-requisite skills and knowledge students need to be successful:

Students will require the following vocabulary: free fall, gravity, air resistance. Students should identify the difference between constant and accelerated motion.
4. Expected (correct) student response: (Describe what you would expect to see in the student work if the student were successful in this task.)
No.  The horizontal and vertical motion of the car are independent.  The amount of time it takes to hit the ground will be the same for any object with the same initial vertical velocity.
5. Score Guide:

    Points:

    Key Elements:

1 Student provides the correct answer (no);
1
Student identifies the correct physical explanation for their answer.
Question 2: Describe the motion of an object in free fall.
1. Depth of Knowledge:        Webb Level 1
2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S9-12:19: 
Students demonstrate their understanding of Motion by…


Using modeling and illustrating, to explain how distance and velocity change over time for a free falling object.

3. Pre-requisite skills and knowledge students need to be successful:

Students will require the following vocabulary: free fall, gravity, air resistance. Students should identify the difference between constant and accelerated motion.
4. Expected (correct) student response:

Objects in free fall are objects that do not experience air resistance and are accelerated constantly towards the earth’s surface due to the influence of gravity. 

5. Score Guide:

    Points:

    Key Elements:

2 Student identifies the influence of gravity;

1
Student either identifies the absence of air resistance in free falling objects; OR the student identifies the acceleration as being constant.

Question 3: Sketch the path of the car falling from the bridge.

1. Depth of Knowledge:        Webb Level 2
2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S9-12:19 
Students demonstrate their understanding of Motion by…


modeling, illustrating, and explaining the path of an object which has horizontal and free fall motion (i.e., football, bullet).

3. Pre-requisite skills and knowledge students need to be successful:

Student should understand that motion is predictable; a falling object increases speed in a predictable pattern as it falls.  

Student should understand that projectile motion combines a uniform horizontal motion and free-fall motion simultaneously.

Student should understand that projectile motion is described by a parabolic path.

4. Expected (correct) student response:

[image: image6.png]



5. Score Guide:

     Points:

    Key Elements:

1 Path is correct.
Question 4: You, the forensic physicist decided to model the Quiche Canyon tragedy.  Your plan was to roll marbles at various speeds off the edge of a table to determine the effect of initial velocity on horizontal distance.  In order to vary the velocity of the marble, a small ramp was constructed using a ruler and a selection of wooden blocks.  The marble was released from the top of the ramp, allowed to roll across the top of the table a short distance, and then off the edge of the table.  Where the marble hit the floor is marked with a post-it note and the horizontal distance to the landing site was recorded for each ramp.  
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As the forensic physicist, how would you present this experiment to the police as a means of testing their initial assessment about the nature of the accident?  Relate your model experiment to the actual accident, noting any relevant differences or similarities.
1. Depth of Knowledge:        Webb Level 3

2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S9-12: 3 
Students demonstrate their understanding of EXPERIMENTAL DESIGN by…


Writing a plan related to the question and prediction that includes:
a. Procedures that incorporate appropriate protection
b. Appropriate tools, units of measurement and degree of accuracy.
c. Components that reflect current scientific knowledge and available technology.
d. Use of scientific terminology that supports the identified procedures
3. Pre-requisite skills and knowledge students need to be successful:

Students must know the vocabulary relevant to experimental design: model, variable, measurement, etc.  Students should have experience constructing their own experiments.
4. Expected (correct) student response:

The question we are trying to answer is “how fast was the car going?”.  The model experiment varies the horizontal speed (the independent variable) by changing the height of the ramp and we will determine how this affects the distance the car travels before hitting the ground.  The model experiment differs from the actual situation because the dimensions are very different, the shape of the object is not the same, and we don’t know that the car was travelling perfectly horizontally when it left the road.
5. Score Guide:

     Points:

    Key Elements:
1 Student describes how the model answers the experimental question
1 Student identifies the differences between the model and the actual situation

Question 5: Develop a hypothesis that explains the effect of ramp height on the horizontal distance of the marble.  Support your hypothesis, citing scientific knowledge.

1. Depth of Knowledge:        Webb Level 3

2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S9-12: 2 
Students demonstrate their understanding of PREDICTING AND HYPOTHESIZING by…


Developing a testable/guiding hypothesis and predictions based upon evidence of scientific principles.          

3. Pre-requisite skills and knowledge students need to be successful:

Students identify cause and effect relationships within a hypothesis and base predictions on factual evidence more than opinions.

4. Expected (correct) student response:

If the height of the ramp is increased, then the horizontal distance will increase. The ball will be moving faster off the table for a higher ramp, so it will travel further horizontally before hitting the ground.
5. Score Guide:

     Points:

    Key Elements:

1 Student identifies cause and effect
1 Student supports proposed relationship using scientific knowledge

Perform the experiment by following the procedure below:

1. Obtain the following materials:

· Plastic rulers with divots 

· Marble 

· 4 Blocks of wood 

· Meter stick

· Post it notes

2. Using the given diagram as a guide, set up the ramp with one block of wood underneath the ruler.  Leave a small space (5-10cm) between the bottom of the ramp and the edge of the table.

3. Mark the point on the floor where the marble leaves the table 

4. Release the marble and allow it to travel off the edge of the table onto the paper.

5. Mark on the floor the point below where the marble leaves the table by placing a small sliver of a post it note.

6. Measure the horizontal distance along the floor from the marble landing point to the table edge.

7. Repeat until you have enough data to calculate a mean.

8. Repeat steps 4 through 7 for ramps with 2 blocks, 3 blocks, and 4 blocks.

9. Record the mean results in the data table provided for Question 6.

Question 6:  Record the mean results in the data table.
	

	

	
	

	
	

	
	

	
	

	
	


1. Depth of Knowledge: Webb Level 2

2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S9-12:5 Students demonstrate their ability to REPRESENT DATA by…

Developing the skill of drawing a “best fit” curve from data.

3. Pre-requisite skills and knowledge students need to be successful:

Students represent data using text, charts, tables, graphs.

4. Expected (correct) student response:

	Ramp Height vs. Object Distance

	

	# of Blocks
	Mean Horizontal Distance (cm)

	1
	19.5

	2
	31.5

	3
	38.5

	4
	41.5


5. Score Guide:

     Points:

    Key Elements:


2


Student connects experimental data to scenario.

1
Student clarifies this relationship by offering further experimental suggestions, sources of error, or additional discrepancies between the data and the scientific understandings. 
Question 7: Create a graph of the collected data using all graphing elements
1. Depth of Knowledge:        Webb Level 2
2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S9-12:5  
Students demonstrate their ability to REPRESENT DATA by…


Developing the skill of drawing a “best fit” curve from data.

3. Pre-requisite skills and knowledge students need to be successful:

Students follow an experimental design and uses scientific tools (including measurement tools) appropriately and accurately. Students are encouraged to pay close attention to their experimental plan and record data throughout an investigation.
4. Expected (correct) student response:


5. Score Guide:
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Question 8:  Based on the results, describe the relationship between ramp height and horizontal motion. Justify your answer using data from your experiment.

1. Depth of Knowledge:        Webb Level 3
2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S 9-12: 6  
Students demonstrate their ability to ANALYZE DATA by…


analyzing significance of experimental data.

3. Pre-requisite skills and knowledge students need to be successful:

Students synthesize the results of an investigation by stating a general rule regarding the understandings learned from the investigation, or applying the understandings learned to similar situations. 
4. Expected (correct) student response:

As ramp height increases, the horizontal distance traveled increases.  This is shown by a positive trend in the correlated data.  The greater the ramp height, the greater the horizontal velocity of the object; therefore, the greater the horizontal distance traveled. 

5. Score Guide:

     Points:

    Key Elements:


1


Student identifies correct relationship   


1


Relationship is justified with graphical analysis


1


Relationship is supported by scientific understanding

Question 9:  Explain how you might use the results of this model experiment to support or refute the police’s initial assessment.  You may use data or diagrams to assist in your explanation.
1. Depth of Knowledge: Webb Level 3

2. Part of the Grade Expectation(s) most strongly elicited by the question. 

S7-8:8  
Students demonstrate their ability to APPLY RESULTS by…


Explaining relevance of findings to the local environment (community, school, classroom).
S9-12:8   
Students demonstrate their ability to APPLY RESULTS by…


Predicting/recommending how scientific conclusions can be applied to civic, economic or social issues.

3. Pre-requisite skills and knowledge students need to be successful:

Students synthesize the results of an investigation by generating new questions related to the results of the investigation, stating a general rule regarding the understandings learned from the investigation, or applying the understandings learned to similar situations. At early stages, students make connections between classroom investigations and similar situations or experiences. At later stages, students recognize that different explanations can sometimes arise from the same evidence. 
4. Expected (correct) student response:

Based on the evidence collected, a general relationship between horizontal distance traveled and launching velocity can be determined.  The faster a car is traveling, the further it will land from the point of launch.  Since the car was found only 10 meters from when it fell, it can be assumed that the car was not traveling very fast.  Since the investigators claimed that the car fell off the bridge at a high speed, the car trajectory should have been much further.
Additional information should be gathered to connect the result of the model experiment to the incident.  We could determine the time it took for the car to fall thus allowing further calculations of more specific distance.  

5. Score Guide:

     Points:

    Key Elements:


2


Student connects experimental data to scenario.
1
Student clarifies this relationship by offering further experimental suggestions, sources of error, or additional discrepancies between the data and the scientific understandings. 
























Teacher Guide
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