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Purpose:  Summative Assessment

Vermont Framework Standards: 

7.12 

Students understand forces and motion, the properties and composition of matter, and energy sources and transformations.                              

Vermont Grade Expectations or Local Learning Goals: 
S3-4:4 

Students demonstrate their ability to CONDUCT EXPERIMENTS by…

• Referring to and following a detailed plan for an investigation.
S 5-6: 2                                                  

Students demonstrate their understanding of PREDICTING AND HYPOTHESIZING by…

Using logical inferences derived from evidence to predict what may happen or be observed in the future.

AND

Providing an explanation (hypothesis) that is reasonable in terms of available evidence.
S5-6:3

Students demonstrate their understanding of EXPERIMENTAL DESIGN by…

Writing a plan related to the question and prediction that includes:

    c. An appropriate format for recording data.

    d. A strategy for conducting multiple trials (“Fair Test”).

S5-6:4

Students demonstrate their ability to CONDUCT EXPERIMENTS  by…

Choosing appropriate measurements for the task and measuring accurately;  

Collecting data and recording accurate and complete data from  multiple trials.
.
S5-6:5                                                

Students demonstrate their ability to REPRESENT DATA   by…

Determining an appropriate representation (line graph in addition to prior examples) to represent their findings accurately.

AND
Selecting a scale that is appropriate for range of data to be plotted, labeling units, and presenting data in an objective way.

AND
Including clearly labeled keys and symbols, when necessary.
S5-6:8 

Students demonstrate their ability to Apply Results by….

Explaining how experimental findings can be generalized to other situation.
S5-6:7

Students demonstrate their ability to EXPLAIN DATA by…

Explaining data using correct scientific terminology 

AND

Using experimental results to support or refute original hypothesis.
AND

Considering all data when developing an explanation/conclusion.
AND

Using additional resources (e.g., books, journals, databases, interview, etc.) to strengthen an explanation.

AND

Preparing a conclusion statement/summary.

Using correct scientific terminology to label representations.

S5-6:21

Students demonstrate their understanding of Force by…

Investigating variables that change an object’s speed, direction, or both, and identifying and describing the forces that cause the change in motion.

Science Concepts:

a. A force applied to a moving object will change the object’s speed, direction or both.

b. Friction is a force that often opposes motion.

Teacher Materials and Administration Notes:
        Supplies:

paper pattern printed on cardstock or oak tag 
12” masking tape 

small drinking straws cut into 2” pieces
wheels and axles
paper for data table and bar graph (blank, lined, and graph paper so kids can choose)                 

scissors

test course for alignment (can be as simple as running car and comparing to edges of floor tiles)

multiple ramps with different inclines, starting line on each marked

metric measuring tape or meter sticks

scale or balance

It would helpful to have a car made (without the index card on the front) for students to look at as a model. Have the perimeter of the pattern, length of tape, and straws pre-cut so that mass is consistent.

Scenario: 
Timmy and Matt made Pinewood Derby cars in Cub Scouts. They had so much fun they decide to make more cars over the summer. Their dad works at the YMCA, and says they can race their cars inside the gym at the Y. The gym is huge! They decide to switch up the competition from the Pinewood Derby. Rather than race against each other for the best time, they will let their cars coast to a finish across the gym and see whose car will travel the greatest distance. Before they make their cars, they agree to use the same kit and make cars that weigh the same amount. Only the shapes will be different. Matt loves trucks, and wants make his car very block shaped. Timmy really wants to win the competition. What shape car should he design to beat Matt?
Question 1. 
What is drag?
1.  Depth of Knowledge (circle):        Webb Level 1          

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

S5-6:21 

Students demonstrate their understanding of Force by…

Investigating variables that change an object’s speed, direction, or both, and identifying and describing the forces that cause the change in motion.

Science Concepts:

a. A force applied to a moving object will change the object’s speed, direction or both.

b. Friction is a force that often opposes motion.
3.  Pre-requisite skills and knowledge students need to be successful:

Drag is the force caused by the resistance of air to the motion of the moving object. It is the force that acts opposite to the direction of motion. Drag is caused by friction. Drag opposes the forward direction of an object.

4.  Expected (correct) Student Response:

Drag is a force that slows an object moving forward. Drag is caused by friction between the moving object and the air.

5.  Score Points: 

    Key Elements of Expected Student Response:

1 

              Drag is a force that slows down an object.
          1                                 Drag is caused by friction.
Question 2.
Follow the procedure below to make both cars. Check off each step as you complete it.
​___ For each car, get a pattern, index card, 12” piece of masking tape, 4 wheels, 2 axles,        2 straws.

___ Fold in on all dotted lines.


___ Cut into rectangle on solid lines.

___ Tape ends in place.

(Cars should look like open rectangular boxes )

___ Assemble wheels and axles with straws for bearings.

Put axle in a wheel, slip straw on, put on other wheel. 


Don’t push wheels on so tight that they crimp straw.
___ Line axles up on lines on bottom of car and tape on. (Try to use a single, flat piece of tape.)
___ Make sure wheels spin freely.
___ On one car, place remaining piece of tape up the “seam” on the front of the car.

___ Roll up a 3x5 index card and place it inside the car body.

___ On the other car, use the remaining tape to attach the index card across the front     of the car. Make sure it won’t rub the wheels. Make sure it is centered on the front of the car. Make sure each piece of tape is completely used on each car.

___ Weigh both cars, record weight in grams of each. Cars should weigh the same amount!
Car A (index card on outside)________
Car B (index card on inside)____________
___ Run both cars on level test course to check alignment. Adjust axles if necessary.
1.  Depth of Knowledge (circle):        Webb Level 1          

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

S3-4:4 

Students demonstrate their ability to CONDUCT EXPERIMENTS by…

• Referring to and following a detailed plan for an investigation.
3.  Pre-requisite skills and knowledge students need to be successful:
Students must understand that in order to determine the effect of one variable in an experiment, all other variables must be controlled. They must create two cars with the same mass and wheel alignment in order to investigate the variable effect of drag.

4.  Expected (correct) Student Response:
Students will build two cars that have the same mass of paper and tape. They will make sure that all sets of wheels are aligned accurately to ensure a straight run of the vehicles.
5. Score Points:  
    Key Elements of Expected Student Response:
         1                       Cars are the same size and weight. 
         1                       They run straight on a test course.

Question 3.

Make a prediction about which shape car will win. Explain your thinking. You must tell why you think a particular car will go farther.
Prediction: 
_____________________________________________________________________________________________________________________________________________________________________________________________________________________

Explanation: 
_____________________________________________________________________________________________________________________________________________________________________________________________________________________
1.  Depth of Knowledge (circle):        Webb Level 2       

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

S 5-6: 2                                                  

Students demonstrate their understanding of PREDICTING AND HYPOTHESIZING by…

Using logical inferences derived from evidence to predict what may happen or be observed in the future.

                            AND

Providing an explanation (hypothesis) that is reasonable in terms of available evidence.
3.  Pre-requisite skills and knowledge students need to be successful:

Students need to recognize that all variables are consistent between the two cars except surface area. The amount and shape of surface area affects drag.

4.  Expected (correct) Student Response:

The car with the index card on the front is not going to travel as far as the car with the index card inside the body. It has greater surface area and so will have greater drag.
5. Score Points:             Key Elements of Expected Student Response:

2

     Greater surface area reduces distance traveled.



        Or Car with index card on front will produce more drag and stop first.

Question 4.

You are going to conduct trials in which you test your cars and record the distance each car travels in each trial. Your teacher will tell you how many trials you are going to run. Make a data table to record the distance each car travels in centimeters in every trial. Show your data table to the teacher before you begin your trials.
1.  Depth of Knowledge (circle):        Webb Level 3

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

S5-6:3                                                       

Students demonstrate their understanding of EXPERIMENTAL DESIGN by…

Writing a plan related to the question and

prediction that includes:

    c. An appropriate format for recording data.

    d. A strategy for conducting multiple trials (“Fair Test”).

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

Students have used various formats to record data and are able to choose one that will clearly organize eight sets of results.

4.  Expected (correct) Student Response:
Students will create a table with a place to record multiple trials for each car. The chart will distinguish between the two cars. Data will be clear and accessible.
5. Score Points:  
       Key Elements of Expected Student Response:

1



Chart has room to record multiple distances for each car.
Question 5.

Work with a partner. One person will be at the starting line letting the cars go, and the other will stand alongside the course to note the distances traveled.

Choose a ramp to test your cars on.

Hold both cars on the starting line aiming straight down the ramp.

Let go of both cars at once, allow them to go until they both have stopped.

Record the distance each one travels on your table. Record the distance in inches!
If the ramp you are using is narrow, test cars one at a time.

1.  Depth of Knowledge (circle):        Webb Level 2       

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

S5-6:4 

Students demonstrate their ability to CONDUCT EXPERIMENTS  by…
Choosing appropriate measurements for the task and measuring accurately;  

 
Collecting data and recording accurate and complete data from multiple trials.

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

Students know how to follow a “fair test” procedure and record data. If the index is not centered on the front of car A, the alignment will be affected. 

* If the ramp is not wide enough, cars will snag on each other and run the course locked together. If space is limited, run cars one at a time.

4.  Expected (correct) Student Response:

Students will have eight trials and record results. If there is interference with a trial, students will repeat it.

5.     Score Points:   
    Key Elements of Expected Student Response: 

  2


Students run eight fair trials and record results for each car.
Question 6. 
Calculate the mean distance each car traveled. 

Add up the all distances for car A.

Divide the total by the number of trials run. (You may use a calculator for this step.)

This is the mean distance.


Repeat for car B.
Car ​​​​​​​​​​​​​​​A________
Car B____________
Question 7.
Create a bar graph comparing the results of the two cars.
1.  Depth of Knowledge (circle):        Webb Level 2       

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

S5-6:5                                                

Students demonstrate their ability to REPRESENT DATA   by…
Selecting a scale that is appropriate for range of data to be plotted, labeling units, and presenting data in an objective way.
AND

Including clearly labeled keys and symbols, when necessary.

AND

Using correct scientific terminology to label representations.
3.  Pre-requisite skills and knowledge students need to be successful:

Students know what mean is and how to calculate it.

Students have practice making and labeling bar graphs.

4.  Expected (correct) Student Response:

Students calculate mean distance traveled for each car in multiple trials. A bar graph comparing the distances is appropriately labeled and accurately drawn.

5. Score Points:               Key Elements of Expected Student Response:


2


Title, axes labels with units of measure and key if appropriate.


2


Appropriate scale and representation of data. 
Question 8.

Copy your prediction from Question 3 here.

​​​​​​​​​​​​​​​​________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

1.  Depth of Knowledge (circle):        Webb Level 2
2.  Part of the GE(s) most strongly elicited by the question. 
S 5-6: 2                                                  

Students demonstrate their understanding of PREDICTING AND HYPOTHESIZING by…

Using logical inferences derived from evidence to predict what may happen or be observed in the future.

AND

Providing an explanation (hypothesis) that is reasonable in terms of available evidence.
S5-6:7       

Students demonstrate their ability to EXPLAIN DATA by…

Using experimental results to support or refute original hypothesis.
AND 
Considering all data when developing an explanation/conclusion.
3.  Pre-requisite skills and knowledge students need to be successful:
The habit of reflection will help students revisit earlier thinking. Students must be able to read graphs and make decisions based on them.

4.  Expected (correct) Student Response:
The data supports or does not support my hypothesis. Car A traveled an average of ___ and Car B traveled and average of ______. The data shows that the car with less drag consistently traveled farther.
5. Score Points:  
 
    Key Elements of Expected Student Response:

1


   Reference to prediction

1


   Data is cited to support statement.
Question 9.

Describe a car design that will help Timmy beat Matt. Include a sketch of the car. How does your suggested design reduce drag on the car? 
1.  Depth of Knowledge (circle):        Webb Level 3

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

S5-6:8 

Students demonstrate their ability to Apply Results by….

Explaining how experimental findings can be generalized to other situation.
S5-6:21

Students demonstrate their understanding of Force by…

Investigating variables that change an object’s speed, direction, or both, and identifying and describing the forces that cause the change in motion.

Science Concepts:

a. A force applied to a moving object will change the object’s speed, direction or both.

b. Friction is a force that often opposes motion.

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

Students must know what drag is. They also need the data collected during trials. Additional knowledge of aerodynamics will allow them to enhance their answer. Practice in orthographic (working) drawing will help students sketch their suggestions clearly.

4.  Expected (correct) Student Response:

When cars are of equal mass, those with smaller surface area travel the greatest distance. Cars with less surface area have less drag. Drag is a force that opposes the forward motion of the car.
5. Score Points:  
    Key Elements of Expected Student Response:

2       
    Smaller surface area produces less drag.
Teacher Guide
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