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The Better Butter Breakdown
	Science Concepts

· Develop abilities necessary to do scientific inquiry

· Develop understandings about scientific inquiry

· Understanding motions and forces

· Understanding properties and changes of properties in matter

· Develop understandings about science and technology

· Understanding of the nature of science

· Systems, order, and organization

· Evidence, models, and explanation

· Constancy, change, and measurement

Materials

· Day Old White Bread one sheet per group with extras for replacements

· Inexpensive spread type margarine and device (plastic knife) to distribute it evenly to the White Bread

· TI-73 Explorer with data link cable

· Meterstick or other measuring device

· Material for the Buttered White Bread to fall on - cloth or rag

· A table for the White Bread to fall from and floor to catch it
	Overview

This activity demonstrates how real-life experiences can lead to beliefs or ideas that may or may not be valid. Students will design and conduct a series of experiments to examine a falling piece of Buttered White Bread. The students will present data and graphs to help the class analyze the event and conjecture, looking for a pattern.
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Introduction


Have you ever buttered or jellied or Oreo-ed up your bread only to have it fall off of the table and land butter/jelly/Oreo side down? This seems to happen all the time. Observe your teacher’s demonstration and think about your own experiences as you watch the Buttered White Bread fall.


Consider the following questions:�- Was this a typical fall from the table for the bread?�- Did the bread fall buttered side up or down?�- What are the variable in this experiment? List them.�- How does your bread fall from the table? �- Has it ever happened to you? Tell the class.�- What other questions can you think of?�- What do you think is happening?


We would like to collect some data on a falling piece of buttered bread. In your team, design an experiment to have a piece of bread fall from a table. Answer the following questions as you design the experiment:�- From where will the bread fall? What table/desk?�- How will the bread be buttered?�- How much butter should be on the bread?�- What will the bread land on?�- How will the bread be forced off of the table?�- Should the bread be toasted or otherwise treated?


Each team should present their plan for the experiment. Discuss each approach and, as a group, determine the procedures all teams to follow in collecting data. 


Set Up


Each team should get a piece of bread and they should install the butter on their piece. Get the cloth or other material that the bread should fall on, and move to the table your team will be dropping from.   


Procedure


Place the bread in the agreed dropping position. We would like each team to drop the bread 50 times. Record the results with hash marks on the Data Recording part of this document.


Determine the ratio that represents the number of Butter Side Ups to the total falls, and the Percent. Repeat for the Butter Sides Downs. Report this on the Data Recording part of this document. Use the TI-73 as shown in Figure 1.


Placing the data in your TI-73 so that we can look at it in a graph. Turn on the handheld and press ( to access the List Editor. Move the cursor to the top of the first column, in the header. Press ( until you get tired. You should now have a blank place to enter your list names and data as shown in Figure 2.Create two list. One for the status of the bread after the fall and the other for the number of times this result occurred. Use the Text Editor by pressing (( and selecting the appropriate letters as you move around with the arrow keys. Press ( to pick the letters and ( to move back to correct mistakes. Highlight the word DONE and press ( when you are finished with each word. See Figure 3.


Make the list for the status of the fallen bread Categorical. This requires that you put the first result in the list as a word, in quotes. Note the ‘c’ in the header. Once you have established the list type, you do not need to use quotes. Enter the Tally data in a second list. See Figure 4.


Now create a Pie graph to show your team’s results. Press ( ( ( to access Plot1. Set it up as shown in Figure 5. Press ( ( to get the list names. Check your ( (Figure 6) and look at the ( to see if other plots are turned on and to see if any equations are set up (Figure 7). Press ( and use ( with your cursor keys to move over the plot. Report this graph using TI Connect. Print it and post it on the wall. 


Change the plot to show Percent rather than Number. Does this agree with your earlier calculations? Answer in the Data Recording part of this document.


Now let’s see if your data is similar to other teams in the class. Collect the results from two other teams and report them on the Data Recording part of this document. Discuss how these data are similar and how they differ.


Create a new set of lists to allow for another plot to show the results of the three teams. Return to the List Editor (() and move to the top (header) of the second list and press ( until you have only the BREAD list showing. Name three new lists, using the methods above, and enter the results from the three teams. Figure 8 shows the start, with TEAM3 off to the right. Use the number pad on the handheld to number the teams within the Text Editor. 


Press ( ( ( to set up the second plot. Construct the Bar Graph as shown in Figure 9. Make sure you turn off Plot 1 before you look at the graph. Report this plot as before in the Data Recording part of this document. Press ( and use ( with your cursor keys to move over the plot. Reflect on the data and tell where you think that the bread really likes to land Butter Side Down.


Discuss your results with others in the class. Collect all the results and place them in the handheld. Make one list for Butter Side Down and one for Butter Side Up. See Figure 10. Report the data as pairs in the Data Recording part of this document.


Look at all of the data for the Butter Side Down. Recall that the bread fell 50 times for each team. Report the values for the Mean, Median, Mode, Maximum, Minimum, Range, and Sum for the Butter Side Down in the Data Recording part of this document. Calculate the Ratio of the total Butter Side Downs and the Total Falls. Report this as a percent. Reflect on the data and class results.


Data Recording


For the 50 drops, report the results and tally them.�            Butter Side UP | Butter Side Down�                                     |�                                     |�                                     |�                                     |�                                     |�                                     |�Totals = 


The results as a fraction and percent in decimal and percent forms.


Results�
UP�
Down�
�
Fraction�



�
�
�
Decimal�
�
�
�
Percent�
�
�
�
Print your Pie Graph using TI Connect™ software and cable and explain how the percentages reported in the plot agree with your answers in question 2 above.�_____________________________________________�_____________________________________________ 


Results from your group and two others for the 50 falls.


Bread�
Team1�
Team2�
Team3�
�
Butter Side Up�
�
�
�
�
Butter Side Down�
�
�
�
�



How does the data from the other two groups match with yours? Use the fraction and percent for their Butter Side Down results in your discussion.�_____________________________________________ �_____________________________________________ �_____________________________________________ _____________________________________________ 


Print your Bar Graph using the TI Connect™ software and cable and explain your feeling about the Butter Side Down issue, based on the data and the plot.�_____________________________________________ �_____________________________________________ 


The data for the 50 falls from all groups.


Down�
Up�
Down�
Up�
Down�
Up�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
The Data for all the teams for the Butter Side Down:�Mean = _______               Maximum = _____�Median = ______              Minimum = _____�Mode = ________             Range = _______�Total Butter Side Downs = _____________�Total Falls from all Teams = ____________�Ratio of Butter Side Downs to Falls:�Percent = ________


How does the data above support the Butter Side Down theory? �____________________________________________�____________________________________________�____________________________________________ 


Conclusion


Write a paragraph to explain the chances of a falling piece of buttered bread landing Butter Side Down. Use the results above to support your argument.


_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


How would you “handle” your bread to avoid the Butter Side Down scenario? Explain. 


___________________________________________________________________________________________________________________________________________________


Going Further


Make a Scatter Plot of the Butter Side Up vs. Butter Side Down. Look at this plot with the y = x graph. This graph represents an equal number of Butter Sides Up and Butter Sides Down. Does it support your conclusions from the experiment? What other graphs could you make with the data from the experiment to make the case that Bread falls Butter Side Up, or Down, or to show there is no pattern?


Look at the height of the bread from the floor as it falls. Have each group collect 25 falls of Buttered Bread from assigned heights (25 cm, 50 cm, 100cm, etc.). Look at this data (Number of Butter Side Downs vs. Height of Table) to see if your previous conclusions hold. How did the height affect the results, if at all?


Consider the type and method spread on the bread, the size of the bread, other variables. Test these out to see if a pattern exists.


Read The Butter Battle Book by Dr. Seuss.�


INSTRUCTOR NOTES


Experiment Demonstration and Set Up


The demonstration will consist of you buttering a piece of White Bread and placing it on the edge of a desk with the center of mass off of the table. The bread has a tendency to hit the sides of the table below the top as it falls. Do the demo on a desk that has a free space under the top, away from the legs. Practice the demo a few times to make sure you have a height and table that will produce the Butter Side Down result.


The best thing to have the bread land on is a towel or cloth. The butter will stick to paper, but newspaper is best if you need to use paper. The students will just need to reinstall the butter after each fall if the paper holds too much of the butter. Watch for this variable. Each team should have about the same amount of butter on the bread and it should be spread the same way.


The bread will harden over night if you want to simulate toasting it. Just leave it in an airy place. The students might want to leave it unbuttered for the experiment. Just mark the TOP on the bread with a marker or pen.


Make sure the height of the drop and all teams understand the way the bread is to leave the table. Watch for this as the teams do the experiment. The height of the table should be close to the kitchen table height (around 70 cm). The place they drop if from the table should be the same, and the way it gets off of the table should be consistent betweens groups.


Introduce the idea of Center of Mass, or Center of Gravity to help them see the method to get the bread off of the table. That is the CoG is no longer on the table, so the bread falls.�


Background Information and Content Preparation


Experimental Design is Key here. Having the variables identified and controlled in the investigation is imperative. The students need to see this as they develop and discuss their own plan for the experiment.


Torque and the rotation of the bread are the underlying physical concepts related to the phenomena.


 The One-Variable Statistics and the ratio and percent of Butter Sides Down to Falls help to report the data in an important way, but the graphs are key to “sell” the conclusions.


Students should label their graphs. This can be done with the DRAW option on the handheld, or in Word as they capture the screen and then paste it in the word processor. They could also just write on the paper that the graph is printed on. They need to see the different methods and learn to value the communication.


Technology Pitfalls


Some of the potential problems you should anticipate relating to TI-73 Explorer functionality and TI Connect are:


Connecting the Graph Link correctly


Placing the quotes around the first item in the Categorical lists. 


Having older plots turned on when they are looking at the newest plot.


Being in the body of the list as they enter data, rather than in the header. This also is a problem as they name new list. They must move out of the header in the last list to a blank place in the next header.


References


All of the links below may also be found at:�http://fayar.net/east/teacher.web/Math/young/DwD/SAKI/ButterPage.htm


* Tumbling toast, Murphy's Law and the Fundamental Constants; European Journal of Physics 16 172-176 1995 http://ourworld.compuserve.com/homepages/rajm/toast.htm��* The Sum Online; The Sum launches biggest-ever study of Murphy's Law of Toast; http://mathsyear2000.org/thesum/issue8/sunbottom.html��* Beginning Statistical Inquiries into the Scientific Method: Jelly-Side-Down; By Gary Brekke; Access Excellence at the National Health Museum�http://www.accessexcellence.org/AE/AEC/AEF/1996/brekke_method.html��* Omni magazine; Giant Buttered Cat Array�http://www.deepscience.com/justsilly/fun006.html��* Why toast falls Butter side down; BBCi�http://www.bbc.co.uk/dna/h2g2/classic/A945335��* Zen and the Art of Physics Demonstrations: Why Toast Lands Jelly-side Down; Robert Ehrlich; Princeton University Press, 1997; http://pup.princeton.edu/titles/5969.html��* The Butter Battle Book; by Dr. Seuss, Theodor Seuss Geisel; Random House – New York, 1984��* Buttered Toast; Robert Siegel talks with Robert Matthews about a part of a six-week experiment across Britain with pupils dropping buttered toast. http://discover.npr.org/rundowns/rundown.jhtml?prgId=2&prgDate=March/9/2001  ��* Report on Resistentialism by Paul Jennings; Clark-Trimble experiments of 1935; http://www31.brinkster.com/yewtree/resources/resistentialism.htm	





Figure 7





Figure 4





Figure 5





Figure 1





Figure 2





Figure 6

















Figure 10





Figure 9





Figure 4





Figure 3





Figure 8














David A. Young   

Science Using the TI-73, CBL2, and CBR
© 2003 Texas Instruments Incorporated

David A. Young   

Science Using the TI-73, CBL2, and CBR
© 2003 Texas Instruments Incorporated

David A. Young   

Science Using the TI-73, CBL2, and CBR
© 2003 Texas Instruments Incorporated


