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“DON'T LOSE YOUR MARBLES!”*
NAME________________________



DATE________



You will be investigating a problem related to motion. During this activity, you will work with a partner (or possibly two partners).  However, you must keep your own individual lab notes because after you finish you will work independently to write a report about your investigation.(pg 3)
THE PROBLEM


The president of marble company has written to you, asking you to to do research, and to recommend some design changes for their marble division. Most of their customers let marbles roll down ramps, and the company wishes to have marbles that will fit the customer’s performance needs. 

BACKGROUND
Objects move down a ramp because the force of gravity overcomes the force of friction and air resistance. Speed is how far something travels in a given amount of time. The SI units of speed are usually meters per second (m/s). Variables are conditions which may change during an experiment. You need to be able to measure and control the variables.


To understand how these factors work together on a moving object, it is necessary to examine specific variables in detail. 

YOUR TASKS 


You and your partner(s) will design and conduct 2 experiments to determine how a factor such as distance, mass, incline, friction, composition changes the speed of a marble.  You may use a variety of safe moving  marbles, and a variety of methods for measuring the speed and acceleration with clocks, stopwatches, ramps, other marbles, protractors, rulers,. You will then use these results to write a letter to a marble company.

MAJOR TASK   Pick two factors, based on your preliminary tests, or other knowledge, that you think may affect the speed of a marble rolling down a ramp, and design at least two experiments, with a control group and several experimental groups, that have quality data to show how the factors you have picked affect the speed. Factors to choose from include: lubrication, mass, angle of incline, length of ramp, mass composition, friction, force of push, air resistance, color,  etc....

DON'T LOSE YOUR MARBLES!:  THE MATERIALS:


You have been provided with the following materials and equipment that you may use. If you have other materials or test equipment that you wish to bring in from home, please let the instructor know!:

Toy marbles




Weights
Clay

Tape
Plastic, paper, sandpaper, foil, cloth surfaces

wood ramps

meter sticks together (grooved)
ring stands 
blocks


String

Rubber Bands
Paper Clips


Clock
stopwatches 

Calculators


rulers

Meter sticks

spring scales
?
balances?

STEPS to FOLLOW
1. In your own words, on the next page, state the  problem(s) you are going to investigate and write your statement of the problems. 

2) Design experiments to solve the problems. Describe your experimental designs on the next page, showing a design with appropriate variables, data collection table or graph, as well as a rough sketch. Show your design to your teacher before you begin your experiments. (Hint: There are several ways to investigate this problem)
3). After receiving written approval from your teacher, work with your partner to carry out your experiments. Your teacher’s approval does not necessarily mean that your teacher thinks your experiments are well designed. It simply means that in your teacher’s judgment that your experiments as stated are not dangerous, or likely to be wasteful.

4). While conducting your experiment, take notes (separate paper). Make sure you leave space for charts, table, or graphs. You should use your notes later as you work independently to write about your experiments and the results. You must keep your own notes because you will not work with your partner when you write your report.

5. Later, you will work independently with your individual lab notes to write about your investigation in the form of a lab report.


DON'T LOSE YOUR MARBLES!  
LAB REPORT:


Your lab report is in the form of a letter to the president of a toy company. 


You wish to advise the executive on how to build the most satisfying, fast-moving toy marbles. Your report should include: 


• A clear statement of the problems you investigated, detailing the independent and dependent variables;


• a description of the experiments you carried out;


• the results of your experiments ( including data presented in the form of charts,



    tables, or graphs);


• your conclusions from the experiments and


• comments about how valid you think your conclusions are. (In other words, how much confidence do you have that your results are accurate? What errors may have affected your results?)
NAME______________



DON'T LOSE YOUR MARBLES! LAB


MAJOR TASK PROBLEM  To investigate with accurate measurements how __________ affects speed. 

* EXPERIMENTAL DESIGN(S) 


(includes very specific procedures, predictions, safety, illustrations, and data collection):
__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

___________________________________________________________________

TEACHER’S APPROVAL:


__ Design       ___ Procedure     ____ Safety    ____ Data
NAME______________



DON'T LOSE YOUR MARBLES! LAB


MAJOR TASK PROBLEM  To investigate with accurate measurements how ________ affects speed. 

* EXPERIMENTAL DESIGN(S) 


(includes very specific procedures, predictions, safety, illustrations, and data collection):
__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

TEACHER’S APPROVAL:


__ Design       ___ Procedure     ____ Safety    ____ Data

 
DON'T LOSE YOUR MARBLES! 

**


SPACE FOR TABLES, CHARTS, GRAPHS

















[image: image2.wmf]The table below shows their results:

TRIAL 1

TRIAL 2

TRIAL 3

(Laurie rolls)

(Mary Lou rolls)

(TJ rolls)

(Mary Lou times)

(Laurie times)

(Laurie times)

MASS

MARBLE SIZE

TIME

DISTANCE

TIME

DISTANCE

TIME

DISTANCE

#1)  10 grams

5 cm

 10 sec

20 cm

 8 sec

 19 cm

 6 sec

 22 cm

#2) 20 grams

5 cm

  6 sec

30 cm

  5 sec 

  31 cm

4.5 sec

 34 cm

#3) 39 grams

5 cm

  6 sec

  

40 cm

5.5 sec

  36 cm

 2 sec

 50 cm



DON'T LOSE YOUR MARBLES!


Answer all the questions to the best of your ability.  Please write carefully and neatly. 

Make sure you quietly DO YOUR OWN WORK!!!!! 


 Use the experiment description below to answer the questions. Keep in mind your own knowledge of what makes a good experiment, as well as your own lab experiences. 

A group of students wanted to answer the question: Which toy marbles are better at rolling down ramps ? One group, Laurie, Mary Lou, and TJ, took three toy marbles that had identical shapes, but different masses. They each then rolled each of the marbles down a ramp, and timed them till they reached the bottom.  They also recorded how far each marble traveled after the ramp. The table below shows their results.


DON'T LOSE YOUR MARBLES!
1. (3 pts)What is one problem that this group is investigating? State the problem in your own words, giving the independent and dependent variable.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

2.(3 pts) Do you have enough information to replicate (repeat accurately) this group’s experiment? If you think you do, tell what information you have. If you think you do not, tell what other information you would need.


__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________
3. (3 pts) 


The group concluded that heavy marbles will always go down ramps faster than lighter mass marbles. Based on this group’s experiment and results, do you think the group’s conclusion is valid? Explain why or why not.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

4. (3 pts) What, if anything, could this group have done to improve their experiment? Explain fully.

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________
 FOCUSED HOLISTIC SCORING RUBRIC


CAPT Science Performance Tasks

EXCELLENT PERFORMANCE: (10-12 points) (92, 96, 100)

The response reflects excellent problem solving and science process skills. The problem is clearly stated. The independent and dependent variables are clearly identified. The experimental design matches the stated problem. Variables are controlled. All procedures are clear, complete and replicable. A control is included when appropriate. Data are accurate, complete, well organized and presented in an appropriate manner. Conclusion are related to the stated problema nd fully supported by data. Validity of conclusions is thoroughly discussed.

PROFICIENT PERFORMANCE: ( 7-9 points) ( 80, 84, 88)
The response reflects proficient problem solving and science process skills. The problem is adequately stated. The independent and dependent variables are adequately identified. The experimental design generally matches the stated problem. An attempt at controlling variables is made. Procedures are generally complete. Minor modifications or clarifications may be needed. Data are generally accurate, complete, orgranized, and presented in an appropriate manner. Minor omissions or errors may be present. Conclusions are generally related to the stated problem and supported by data. Minor errors in interpretation of results may be present. Discussion of validity of conclusions is limited.

MARGINAL PERFORMANCE: (4-6 points) (68,72, 76)
The response reflects marginal problem solving and science process skills. The problem is poorly stated. The independent and dependent variables are poorly indentified. The experimental design matches the stated problem to some extent. Little attempt at controlling variables is made. Procedures are incomplete. Major modifications or clarifications may be needed. Data are somewhat inaccurate, incomplete, poorly organized or presented in an inappropriate manner. Conclusions are related to the stated problem and supported by data to a limited extent. Major errors in interpretation of results may be present. Little discussion of validity of conclusions.

UNSATISFACTORY PERFORMANCE : ( 0-3 points) (52, 56, 60, 64)

The response reflects unsatisfactory problem solving and science process skills. The statement of the problem is very limited or missing. The independent and dependent variables are not identified. The experimental design does not match the stated problem, is very incomplete or missing. No attempt to control variables. Data are highly inaccurate, incomplete, poorly organized or presented in an inappropriate manner or missing altogether. Conclusions are not related to the stated problem, not supported by data or are missing. No discussion of validity of conclusions.

GUIDE TO SCORING: % = 52% + 4* RawScore

ANALYTIC  SCORING RUBRIC
CAPT Science Performance Tasks

DIMENSION                                                                                SCORE

PROBLEM DEFINITION


•The problem is stated clearly. Clear identification of independent and dependent variables.

3


•The problem is stated adequately. Adequate identification of independent and dependent variables.
2


•The problem is poorly stated. Poor identification of independent and dependent variables.

1


•The statement of the problem is very limited or missing altogether. No identification of 



independent and dependent variables.






0

EXPERIMENTAL DESIGN


•The experiment matches the stated problem. Variables are controlled. The procedures



are clear, complete and replicable. A control is included when appropriate.


3


•The experimental design generally matches the stated problem. Attempt at controlling variables is



made. Procedures are generally complete. Minor modifications or clarifications may be needed.
2


•The experimental design matches the stated problem to some extent. Little attempt to control



variables. Procedures are incomplete. Major modifications or clarifications may be needed.
1


•The experimental design does not match the stated problem, is very incomplete or missing.



No attempt to control variables.







0

DATA PRESENTATION 


•Data are accurate, complete, well-organized and presented in an appropriate manner.

3


•Data are generally accurate, complete, organized and presented in an appropriate manner.



Minor errors or omissions may be present.






2


•Data are somewhat  inaccurate, incomplete, poorly organized  and presented in an inappropriate 



manner. Major errors or omissions may be present.





1


•Data are highly inaccurate, incomplete, poorly organized or presented in an inappropriate 



manner or missing altogether.







0

CONCLUSIONS


•Conclusions are related to the stated problem and fully supported by the data. Validity of



conclusions is thoroughly discussed.






3


•Conclusions are generally related to the stated problem and fully supported by the data. Minor errors


 in the interpretation of the results may be present. Discussion of validity of conclusions is limited.
2


•Conclusions are related to the stated problem and supported by the data to a limited extent. Major



errors in interpretation of results may be present. Little discussion of validity of conclusions.
1


•Conclusions are not related to the stated problem, not supported by data or are missing. No



discussion of validity of conclusions.






0

GUIDE TO SCORING: % = 52% + 4* RawScore 

EXPLANATION OF SCORING FOR SCIENCE OPEN ENDED ITEMS

(for four “CAPT” type short answer exam questions)


Each score category contains a range of student responses which reflect the descriptions given below:

SCORE 3


This response is an excellent answer to the question. It is correct, complete, and appropriate and contains elaboration, extension, and/or evidence of higher-order thinking and relevant prior knowledge. There is no evidence of misconceptions. Minor errors will not necessarily lower the score.

SCORE 2


This response is a proficient answer to the question. It is generally correct, complete, and appropriate although minor inaccuracies may appear. There may be limited evidence of elaboration, extension, higher-order thinking, and relevant prior knowledge, or there may be significant evidence of these traits but other flaws (e.g., inaccuracies, omissions, inappropriateness) may be more than minor.

SCORE 1


This response is a marginal answer to the question. While it may contain some elements of a proficient response, it is inaccurate, incomplete, and/or inappropriate. There is little if any evidence of elaboration, extension, higher-order thinking or relevant prior knowledge. There may be evidence of significant misconceptions.

SCORE 0


The response, although may be on topic, is an unsatisfactory answer to the question. It may fail to address the question, or it may address the question in a very limited way. There may be no evidence of elaboration, extension, higher-order thinking, or relevant prior knowledge. There may be evidence of serious misconceptions. 



 SCORING RUBRIC




DON'T LOSE YOUR MARBLES!
*

1. (3 pts)What is one problem that this group is investigating? State the problem in your own words.

This item is intended to assess students’ ability to define a scientific problem in their own words. In this experiment there are two related problems that are being investigated: comparison of the time to travel down a ramp for three different toy marbles, and comparison of distance three different toy marbles travel after the ramp. Responses should clearly state the independent MASS  and the dependent variables (time on ramp, distance after ramp) to be investigated.  A response that identifies the dependent variable as speed or the independent variable as “different” toy marbles is not an excellent answer.


CAPT FRAMEWORK: Experimentation: Define the Problem
2.(3 pts) Do you have enough information to replicate (repeat accurately) this group’s experiment? If you think you do, tell what information you have. If you think you do not, tell what other information you would need.



This item is intended to assess students’ understanding of what constitutes a complete and appropriate experimental design. In this case, students do not have all of the information they need to replicate the experiment.  Additional important information that students would definitely need to know includes the size of the marbles, the angle and length of the ramp, and the force of push from each person.  An excellent answer includes at least three of these important pieces, while a proficient answer may miss some important pieces in favor of other points (color, wind resistance, etc...). A response that states all needed information is given (marble color , and person pushing or timing) is unsatisfactory.

CAPT FRAMEWORK: Experimentation: Design and conduct appropriate experiments.
3. (3 pts) The group concluded that heavy marbles will always go down ramps faster than lighter mass marbles. Based on this group’s experiment and results, do you think the group’s conclusion is valid? Explain why or why not.

This item assesses students’ ability to draw conclusions based upon data and to consider validity of those conclusions. For this experiment, the group’s conclusion should not be considered valid because while more massive marbles appear to have less time down the ramp and more distance traveled afterwards, this is not always the case according to the results. The actual differences in time and distance are not very large. It is also unclear whether or not the group controlled important variables such as mass, size, length of ramp, angle of ramp, and force of push. Since they allowed different people to both push and time the marbles, it is likely that this had a significant effect on the results, as shown in the data table. An excellent response will refer to both the actual data as well as the need to control important variables. 


CAPT FRAMEWORK: Experimentation: Make, record and interpret observations/Draw conclusions and discuss their validity
4(3 pts) What, if anything, could this group have done to improve their experiment? Explain fully.

This item assesses students’ understanding of what constitutes a complete and appropriate experiment. In this case, the group of students could have improved their experiment by determining the mass and size of the marbles as well as length and angle of the ramps to make sure they were equal and by controlling all other important variables about the marbles and ramps. They could have used an appropriate control and the group should have carried out the experiment several times with the same person letting the marble go, and the same person timing for each trial. They could have measured speed directly by measuring the length down the ramp and the time down the ramp, or the length after the ramp and the time after the ramp. An excellent response will refer to important variables as well as accounting for the “people” factor.


CAPT FRAMEWORK: Experimentation: Design and conduct appropriate experiments.

EXPERIMENTING

A group of students were investigating marbles rolling down ramps, and rolled three different size marbles down the ramps while timing them.

 1) Which is the best statement of the problem they are investigating?

a) How does the mass of marbles affect the speed at which they travel?

b)  How does the size of marbles affect the time it takes to roll down a ramp?

c)  How can you make faster marbles?

d) How do ramps make marbles go faster?

2) What would be the best control group in this experiment?

a) A normal size marble timed three times down a ramp.

b) The time it takes the marble to fall through the air.

c) The ramp before any marbles are placed upon it.

d)  The mass of the marble.

3) What other variable does NOT need to be controlled in this experiment?

a) The mass of the marbles.

b) To length of the ramp.

c) To angle of the ramp.

d) The surface of the floor under the ramp.

4) If the group found that size of marbles does NOT make a difference in the time down the ramp this means that:

 a) They had a bad control group.

b) They measured their data wrong.

c)  They should check to see if the marbles are the same material.

d) They have no further experimenting to do.
CAPT Science Performance Task




















