Paper Bag Probability and Statistics
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Summary: 
This lesson is intended to be used as either an introduction to probability or after the basic concepts have been introduced.  The students will draw colored tiles (or other distinguishable objects) from paper bags.  The students will either work as individuals or in groups of two.  They will select one object from their specified bag and mark the color, number, etc., and then replace the object.  They will repeat this action 80 times and make an estimate of the number of objects of the same color in the bag.  Afterwards, a graph (either bar or pie) will be completed by the students.  The second part of the lesson deals with the difference between the probability of independent and dependent events by selecting different objects from different bags.

Subject: 

Math: 
(11)  Probability and statistics. The student applies concepts of theoretical and experimental probability to make predictions. The student is expected to:

(A)  find the probabilities of dependent and independent events;

(B)  use theoretical probabilities and experimental results to make predictions and decisions

(12)  Probability and statistics. The student uses statistical procedures to describe data. The student is expected to:

(C)  select and use an appropriate representation for presenting and displaying relationships among collected data, including line plots, line graphs, stem and leaf plots, circle graphs, bar graphs, box and whisker plots, histograms, and Venn diagrams, with and without the use of technology.

(13)  Probability and statistics. The student evaluates predictions and conclusions based on statistical data. The student is expected to:

(A)  evaluate methods of sampling to determine validity of an inference made from a set of data

Grade Level: 

· Target Grade: ___ 8
· Upper Bound: ___ 10
· Lower Bound: ___ 4
Time Required: ___ ~50 minutes


Activity Team/Group Size: ___ 1-2 students
Materials: 

· 1 Paper bag per two students + 2 extra bags for probability of independent/dependent events
· 8 Colored/numbered tiles (or other distinguishable objects) for each bag used

Reusable Activity Cost Per Group [in dollars]: ___ 
The paper bags and the colored tiles may be reused until the bags have holes. 

Expendable Activity Cost Per Group [in dollars]: ___ 
$0
Learning Objectives: 

· The students will work on critical thinking skills
· Calculation of percentage

· Sampling

· Data collection

· Independent and dependent probability

· Graphing

· Estimation

Lesson Introduction / Motivation: 
The lesson can begin with a discussion on linking things we see in movies to probability.  The instructor can ask the students, “Have any of you ever read a book or seen a movie before.”  After this question, the topic of foreshadowing or predicting outcomes may be brought up.  This can be lead into by then asking, “In your movies or books, have you ever just known what was going to happen?  Or, has something occurred at the beginning of the story and you thought to yourself, ‘Man . . . I bet that may be really useful later.’?”  With this concept having been introduced, you may lead into a discussion about the movie JAWS.  Ask the students if they have ever seen the movie.  Then, using your own voice or a recording of the music, ask them what would happen in the movie when they heard the ‘JAWS music’.  They should all say that something bad will happen.  Then ask the students, “What would happen if we heard that music and then some elves came out and started dancing out of nowhere?! . . .”  This can then lead into the concept of expected value (as is the case when we hear the music and JAWS appears) and standard deviation (as if the elves were to appear when we hear the music).  A link between expected value and deviation (or standard deviation) may then be made to the information previously discussed and the activity may then begin.  As an example, one may ask the following question, “Suppose a genetic theory tells us that people have black, brown, blond, and red hair in the ratios 5:3:1:1.  How many people, out of a random selection of 100 people, are red haired?  Blond?” 
Lesson Plan: 
The students are expected to estimate, based on data they collect, the number of each color of tile in the paper bag given to their group.  Therefore, before the students arrive, have enough paper bags set aside for a pair of students with 8 colored tiles in each bag.  Different numbers of each color should be placed in each bag so that, hopefully, no two groups have the same amount of each color in their bags. After the introduction, the worksheet may be passed out to each student.  Fill in the appropriate blanks at the top of the worksheet.  E.g., have the bags labeled A, B, C, . . . and have the students write this in the appropriate blank.  Underneath this, there will be four small blank sections at the top of the table.  Have the students write down the colors/numbers which are in the bag.  Tell the students they will draw one tile from the bag, place a mark underneath the appropriate color on the table and then replace the tile.  Shake the bag to mix the tiles.  Repeat this process until 80 tiles have been pulled.  Once 80 pulls have occurred, count the number of times each color of tile was pulled and fill in the appropriate blank on the worksheet.  Below this, calculate the percentage of times each color of tile was pulled based on the data collected.  Next, the students will make a bar graph or pie chart (or other appropriate chart/graph of their choice) in the space provided.  Collect all bags from the students.
At the start, two other bags should be filled with two different color tiles.  Place the same total number of tiles in each bag, but use different amounts of each color (e.g., 4 green and 4 red in one bag and 2 green and 6 red in the other).  Then, discuss with the students and/or have them experimentally collect data, on the probability of independent and dependent events by selecting tiles from the bag with and without replacement.  Ask the questions, “Does it matter if I don’t replace the tile?”  “What if I wanted to find the probability of selecting a green tile from bag 1 AND a green tile from bag 2?  Does selecting a tile from bag 1 effect the likelihood of selecting a tile from bag 2?”  Continue on in this manner allowing the students to make their own selections.  This section is typically used as more of a lecture, but may be extended to a participation or hands-on style activity.

Lesson Closure: 
Once all aspects are completed, ask the students what the difference is between independent and dependent probabilities.  Discuss the idea of expected value and standard deviation.  If the data does not show the correct number of tiles in certain students’ bags, this can lead into a discussion on how data is more accurate once the sample size is increased.  Also, there should now be a link or one may be established which tells the students of how math is linked to science and English (at a minimum).

Assessment: 
During the discussions, it should become apparent (especially during the independent and dependent section) whether or not the students understand the concepts.  Verifying correct information on the worksheets should also help with finding whether or not the lesson/activity was understood.
Vocabulary / Definitions: 

· Expected value/mean/average
· Standard deviation

· Percentage

· Independent/dependent probability

Background and Concepts for Teachers: 

· Sampling
· Expected value

· Independent and dependent probability

Lesson Scaling: 

Larger numbers of samples or more samples to choose from may be added to each bag.
Multimedia Support and Attachments: (Optional) 

· Worksheet (Note: on the worksheet it is up to the instructor to determine what the values of color 1, color 2, etc., will be based on what is placed in the bag.  The appropriate colors should then be filled in by the students and/or the instructor before printing the worksheet.)
Keywords: 

· Probability
· Statistics

· Sampling

· Data

· Graphing
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Please email us your comments on this lesson: 
E-mail to ljohnson@cvm.tamu.edu
Please include the title of the lesson, whether you are a teacher, resident scientist or college faculty and what grade you used it for. 



Teacher’s Comments: 




