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Title
“What Do You Expect?” — Data Analysis and Probapifor Middle School

Overview of the Technology Integration Unit

This unit of lessons is based on investigativam the Connected Mathematics
seventh grade probability unityhat Do You Expectd place of manipulatives, students
use technology to investigate what will happenrmbability situations simulating
tossing number cubes, flipping coins, spinning 8eig, and finding treasure. They will
make predictions and then investigate, analyze sapg@ort their conclusions with the
mathematical concepts involved with experimental géneoretical data using technology
to record, graph, analyze, and present their daehnology is utilized to support and
extend student investigations, as students evafjzatess of chance, analyze number-
cube games, use area to determine probabilityya@m&lvo stage games and sequences of
outcomes, and create carnival games.

Grade Level
This unit targets seventh grade students but ceasily be integrated into any middle
school mathematics curriculum.

Time allotment
What Do You Expect? is intended as a four-week deytendent upon class length and
chosen extensions and assessments.

Subject Matter
Mathematics: Data Analysis and Probability

Learning Objectives
The goals of this unit are for students to expbord deepen their understanding of basic
probablllty concepts and learn about expected valwhance situations. Students will:

Understand experimental and theoretical probadsliind the relationship
between them

Further develop methods to identify the possiblie@mes of an event

Understand the distinction between equally likelgd aon-equally likely
events

Analyze situations that involve independent evanis situations that involve
dependent events

Develop strategies for analyzing probabilities

Determine the expected value of a chance situation

Use probability and expected value to make inforihecisions

Use simulations — random number generators — teegaixperimental data
Recognize the advantages of using technology &nexinvestigations



Standards:
Delaware Math Content Standards
STANDARD ONE: Students will develop their ability to SOLVE PROBME by:
engaging in developmentally appropriate problenviagl opportunities in which
there is a need to use various approaches to igatsand understand
mathematical concepts;
STANDARD THREE: Students will develop their ability to REASON
MATHEMATICALLY by:
justifying their thinking;
reinforcing and extending their logical reasonibgites;
reflecting on and clarifying their own thinking;
STANDARD NINE: Students will develop an understanding of STAT and
PROBABILITY by solving problems in which there isvaed to collect, appropriately
represent, and interpret data; to make inferenceseglictions and to present convincing
arguments; and to model mathematical situatioretermine the probability.

- Constructing, interpreting, and defending or disputonclusions drawn from
displays of data (e.g. stem-and-leaf plots, scalttas, line graphs, box and
whisker plots and circle graphs§ grade GLE
Investigating actual and theoretical probability™-grade GLE

isteNETS Technology Standards
" Students use technology tools to enhance learmoggase productivity, and
promote creativity.
Students use technology to locate, evaluate, altectmformation from a variety
of sources.
Students use technology tools to process dataegaitrresults.
Students use technology resources for solving probland making informed
decisions.
Students employ technology in the developmentrategies for solving problems
in the real world.
The technology and math concepts utilized in tassbn merge smoothly and easily
together to support and extend student investigati@ conclusions. As students utilize
the technology tools, they not only enhance theablem solving abilities, but also
increase their ability to produce large data setsnited time frames. Sharing of ideas
and strategies during this unit enables studentsralize their reasoning in
mathematical language, defending and disputing tugiclusions, and collaborating
together to discuss and consider the methodolagiteeir peers.

Resources
Hardware
Computers: This unit was written for a laptop teaone computer per student. The unit
could also be accomplished in a computer lab oteampnted with small groups sharing
a computer. It could possibly be accomplished ab@le class using one computer — not
recommended, but possible.
Minimum hardware requirements:

Pentium 75 MHz or higher



355 MB of free hard disk space

128 MB RAM

CD drive

VGA or higher resolution

MSN, The Microsoft Network, Windows Messaging, bternet access
require a 14.4 bits per second (bps) modem

Software
" Windows 98, ME, 2000, or XP

Browser — Internet Explorer or Mozilla
ExploreLearning — 30 day free trial, license, anihutes per gizmo per day
Internet Explorer 6.x or Netscape Navigator (or Bogilla based browser)
7.0, or higher, with cookies and JavaScript enabled
Shockwave Player 8.5 or higher - 2,726 K
56k dial-up or broadband Internet access
Java Runtime Environment — 237kb
http://www.java.com/en/download/help/5000010300.xml
Treasure Hunt — download from Connected Mathem&iogect
http://connectedmath.msu.edu/components/oldgamesontby sending $10
to Connected Education Technology, P.O. Box 1084t Eansing, M| 48826
Microsoft Excel or Fathom Dynamic Data Software
Inspiration Software
Microsoft PowerPoint

Relevant Material
As this unit is based owwhat Do You Expedtom Connected Mathematics, it might
facilitate a teacher to have access to this cutmoyhowever, it is not essential to the
implementation of the unit as the investigationbzet the Internet and are stand alone
investigations. Access to the Internet is a necgssamponent to the unit.
Other Instructional Materials:
Student worksheets for each investigation — seelzt
Word templates on school T-drive — extra hard cogiao computer
access — allows easy access for students to use/éstigations
Fathom Instructions for Investigation 2 if usingam
Manipulatives (bucket of blocks, dice, spinnersrivtes) — per student
needs for hands on simulations or classroom dematiusts
3x5 note cards for exit quizzes
graph paper for the Treasure Hunt game — if no caen@ccess
Overhead of Deep in the Dungeons game — see teaaswrmrces
Final Unit Test — see teacher resources

Bookmarked Sites
Students will be using the following websites irithinvestigations. It is not necessary
for students to bookmark these sites as they amporated into the documents they will



be accessing for each investigation. If you camost each document on the Internet or
school intranet, you may desire the students tkimaok the sites for easy access.
NLVM: Spinner
http://nlvm.usu.edu/en/nav/frames_asid_186 g_3htnB?open=activities
ExploreLearning Gizmos: Probability Simulations
http://www.explorelearning.com/index.cfm?method=s&&ce.dspView&ResourcelD=2
33
http://www.explorelearning.com/index.cfm?method=s&&ce.dspView&ResourcelD=3
10
Project Inteactivate:Dice http://www.shodor.org/interactivate/activities/ExpBability/
What Are your ChancesRttp://nces.ed.gov/nceskids/Probability/
Project Inteactivate:Marbles 1http://www.shodor.org/interactivate/activities/tvadars/
Project Inteactivate Marbles 2http://www.shodor.org/interactivate/activities/migdy
ExploreLearning Gizmos: Independent and Dependenigound Events
http://www.explorelearning.com/index.cfim?method=s&&ce.dspView&ResourcelD=2
11
http://www.explorelearning.com/index.cfim?method=s&&ce.dspView&ResourcelD=2
49
Stick or Switchhttp://nlvm.usu.edu/en/nav/frames_asid_117 g_3htnB.
http://www.shodor.org/interactivate/activities/mgdtindex.html
http://www.shodor.org/interactivate/activities/mgitdex.htmi
ExploreLearning Gizmo: Binomial Probability
http://www.explorelearning.com/index.cfim?method=s&&ce.dspView&ResourcelD=1
26
National Library of Virtual Manipulatives: Coin Tsisig
http://nlvm.usu.edu/en/nav/frames_asid 305 _g_3htn8.

Activities:

Investigation 1: Evaluating Games of Chance
Students will use strategies to find probabilidssociated with spinner games of

chance. They gather data to find experimental gntibg evaluate the results, and
compute theoretical data for simple experimentarnmglyzing the possible outcomes. The
first investigation involves the use of the Natibhidrary of Virtual Manipulatives. The
following two investigations will use spinners frdaxplore Learning for determining
probabilities in games with two section spinneosirfsection spinners, and ten section
spinners simulating a Match/No Match, Making Pui(pél, then blue), or other spinner
game of chance.

A. Motivational Opening — Launch:
1) Ask students what they know about games atdh@wal. Have them list 3-5
descriptions about their favorite game, whethey thlay it or not, and why.
2) Tell students about a situation where the teashegs to class a mysterious bucket
containing red, blue and yellow blocks. Studenentivere asked to predict the color they
would pull from the bucket. The result was recordad each block was returned before
the next student made her prediction and choseck.bDiscuss the ideas of probability
that a block drawn is a particular color.



3) Conduct this experiment with your class recaydwsults on the board. Several ideas
should emerge about predicting the number of aitecolor, comparing the
experimental data with the actual data, reviewiagi®ideas of probability.
4) Discuss randomness with students. Ask how tbeyddvias a spinner game if they
were using actual spinners. Discuss how randomrgtms like the spinners at
ExploreLearning are not biased.

B. Core Learning Activities — Explore:
Students will analyze spinner games to decide vanetlis fair. Model each interactive
site, describe how students will manipulate the, sihd instruct the students as to where
to answer the discussion questions as they comgédete investigation. Students will
work through the three student worksheets for Ingason 1: The Game: Math/No
Match, Exploring Probability with Spinners, and Eximental and Theoretical
Probability. They will record their work in theirath notebooks and in Word documents
on their computers. Students will be collectingagd@bmparing experimental and
theoretical data, analyzing data, and answeringtopres about probability based upon
their investigations with spinners.

C. Essential Questions to address throughout lesson
How can theoretical data be used to determine vehetlyame is fair or not?
How can you determine all the possible outcomesmaévent?
Can | compute the theoretical probability of a gamitéout finding the experimental
probabilities first? Why would this be importantunderstand?
What does it mean for two events to be equallyyike

D. Closure — Summary:
Discuss student findings of experimental and thigzaledata. As a class, gather the
experimental data and discuss how to use the ewrpetal data to make predictions. Talk
about theoretical probabilities and how to deteemimether a game is fair or not based
upon the outcomes being equally likely. Have sttsishare their strategies for finding
probabilities and listing outcomes. Be sure stuslan¢ able to answer the essential
guestions associated with each investigation.

Investigation 2: Analyzing Number Cube Games

Students continue their investigations of charares by analyzing number-cube
games. They will predict whether a game is fain@rand then gather experimental and
theoretical data by rolling two dice and using $hen to assign scores. Project
Interactivatewill be used for these investigations.

A. Motivational Opening — Launch:

First: 5-minute “Do Now” activity — ask students to ansiree following:
“Think about games that involve rolling dice.
1) List 2 — 5 things you know about dice or rollidige.
2) List 2 — 4 ways you could use to determinegaae involving dice is fair or not. In
other words, how do you determine if a game ifair
SecondAfter five minutes, ask for a couple of voluntetyshare their answers.
Address the following if not mentioned by students:

Dice rolling techniques that bias outcomes

Loaded or flawed dice



Third: Introduce the Addition Game to students tellingnththat they are going to
analyze a game to determine whether they wouldtpigygame or not. Is it a fair game?
Explain that it is the sum of the two dice thatedetine who gets a point. Roll two dice a
couple of times. Ask students what the possibleaues can be. (2-12) Tell them that an
even sum is worth one point and an odd sum is waméhpoint. Ask whether they think
this is a fair game and why or why not. (Give studea few minutes to think about this.
They may determine this is not fair as there areenewen sums than odd.) Do not
confirm any conjectures!

B. Core Learning Activities — Explore:
1. Students will play the game with 36 rolls of thiee collecting experimental data.
They will record their data in Fathom, followingetimstruction sheet for creating a table
and graphs. After they record their score, theyaviblyze the data and calculate the
experimental probability of their individual gamésing the template, they will record
the results and determine whether they think timeeges fair, supporting their reasons.
2. Students will use the interactive website tthfer their investigation of experimental
data by allowing the site to generate the dat&®&orolls. They will then compare the
experimental data to determine similarities or not.
3. Students will use the template for the chargwn paper for counting tree, to record
the theoretical data of rolling two dice. They walcord this information in Fathom as
stated on the instruction sheet, creating a tatdegaaphs for this data. After completing
the chart, students will record the theoreticabgiaility for even and odd sums
explaining how they determined each. Studentsthh reason as to whether the game is
fair and why or why not.
4. Students will then construct a line plot of theoretical outcomes to compare to the
experimental outcomes. They will then utilize datént website to reason about the
differences between experimental and theoretidal @lad how many experiments, rolls
of the dice, must be done to achieve experimeiatia that resembles theoretical data and
why.
5. Students will use all their information to creeatgame to share with their partner and
the class. They must be creative in assigning paihies and scoring strategies as well as
explain why their game is fair using mathematieasoning.
6. Early Finishers have additional activities. (Saalent template.)

C. Essential Questions to address throughout lesson
In what types of situations can probability be usebelp make a decision?
How can | determine if a game is fair or unfair?
How can | change the rules or scoring system toenaakunfair game fair?
Why does my experimental probability not equal mmgaretical probability?

D. Closure — Summary:
1) Bring the class back together by asking abaeigiestions addressed through out the
student template. (What did the experimental dataou about the game? How did your
data differ from the computer-generated experino€86 rolls? Why was this so? What
is the theoretical data for this game? Is it déferfrom your experimental data? Why or
why not? How did you determine how many rolls nhestdone to generate a graph like
your line plot? Why is this so0?) Be sure studengscannecting the experimental and
theoretical data and understand the basis forrbleapilities of each.



2) Ask students to present the rules and scoringaeds of their games. Ask the class to
determine whether each game is fair or not and Whw. could have several students
write their game specifications on the board fer ¢kass to discuss. These could be
predetermined from walking about the room durirgyitivestigations.

3) Discuss what determines a fair game and howctinsbe determined from the
theoretical data. Be sure to address any miscoioceythat arose during the sharing of
student games.

4) Exit card quiz: Pass out a note card to eadlesiil Tell them the exit card quiz is
individual and will take 5 minutes. Exit card quess: “You may choose to answer one
of the follow-up questions on page 23. Be suratticate which question you are
answering. You must tell me whether the game isoianotand explain how you know!
Use the math to prove your answer!”

Investigation 3: Probability and Area
Students are introduced to relating probabilitatea and using area on a grid to

determine probability. They use the computer ganeaJure Hunt, distributed by
Connected Mathematics, to find the theoretical pbolity of the treasure being hidden in
a certain room of an imaginary castle. Each fldahe castle is set on a grid. The teacher
will need to download Treasure Hunt to the compugerschool T-drive and then
students can follow the instructions for opening glame described on the student
worksheet for Investigation 3.

A. Motivational Opening — Launch:
Talk with the class about hidden treasure and meastre hunters today investigate and
recover buried treasure lost aboard ships. Tellesits about this game and how the
computer randomly hides the treasure. Discuss #ening of “random” and how it
pertains to a grid of each castle floor. Pose thestion: “Suppose the computer gives
you this first clue: The treasure is hidden in @mowith “hall” in its name. Which room
should you guess first? Explain your answer.” Hstwglents share their ideas of which of
the two rooms, the Great Hall or the Dining Hdlgy would choose first and why.

B. Core Learning Activities — Explore:
Students will be investigating to find the thearatiprobability that a treasure is hidden
in one of the rooms on the first floor of a palatke floor is set up on a 10 by 10 grid.
The probability that the treasure is in a givennnde equal to the part out of 100 that is
represented by the area of the room. To answeraaastion, students will need to
analyze the probabilities using the area model fidan. Level two of the palace requires
finding the part of the total floor plan occupiegdach room as the treasure is hidden in
on of the room or in a collection of rooms. Studanvestigate to find strategies for
“cracking the code” of the palace. This is an idtrotion to using an area model for
analyzing probabilities. Students can move beybeditst two levels to conquer levels
three through five when they become adept at “érgcthe code.”

C. Essential Questions to address throughout lesson
The first time you play the game, the treasureddén in the library. When you play a
second time, what is the probability of the treasuging hidden in the library? How do
you know?
How does probability and area relate to each other?
How can you use theoretical probability to imprgeer chances of winning the game?



If you play the second level 100 times, how mames can you expect the treasure to be
hidden in the steward’s room? How do you know?

D. Closure — Summary:
As students analyze the game and find theoretrodigbilities based on the areas of the
rooms, discuss and share the following ideas: nanglenerator of rooms by the
computer — not based on previous games, largeespagher probability of treasure,
equally likely rooms and unequally likely rooms &éa®n the grid, probabilities out of a
100 games, and ideas of 0 and 1 as probabilitesh Bf these concepts should become
evident to students as they investigate but nebe summarized as a class to insure
group understanding. Allow students to share timeithods and strategies for finding
area and probabilities. Address any misconceptinstsmay arise concerning the
mathematical concepts.

Investigation 4: Analyzing Two-Stage Games

Students investigate probability situations ofaelegent events. This is a new
concept as the above investigations consist ofpedédent events. Students will use the
area model to analyze a maze that starts at a carpoiot and ends in one of two rooms.
They will also investigate probabilities of drawingarbles from a bag and other two
stage events. The Monte Hall game of Stick or Switorks well with this math concept.
ExploreLearning.com and NLVM can be used for thasestigations.

A. Motivational Opening — Launch:
1) Introduce the Deep in the Dungeons game (sedead). Ask students which room
they would hide the treasure in and why. Discusg tiey could simulate walking
through the maze and randomly choosing a pathcat feak (roll a dice, flip a coin, etc.).
Work through the maze and determine the probaliditgach room. Tell students they
will be investigating probabilities associated wiyo stage events similar to the maze.
You could also mention the short story about théyLand the Tiger and discuss the
associations between a maze and probabilitg.//www.eastoftheweb.com/short-
stories/UBooks/LadyTige.shtml
2) Alternate Launch: Talk about television gamevehiand ask students how contestants
choose the doors in the Monte Hall game show. Bstlie possibility of two students
participating in a marble drawing game where ondestit determines how to hide the
marbles in the hope that the second student vallvda green marble. Student one can
place 2 green and 2 blue marbles in 2 containeasynway she wishes. When the second
student comes on stage, he draws from one cont#iimegreen marble is drawn, both
students win a prize. If the container is emptg due marble is drawn, no prize is
awarded. How could the students decide the besteovplace the marbles?
B. Core Learning Activities — Explore:

Students will be completing two gizmo exploratigmr to playing a marble game and
then the Stick or Switch game. They will be colilegtdata to analyze probability
situations where compound events are taking pBitelents will be investigating
independent and dependent events. The Explorelrgpgemos focus on independent
events, the marble game and Stick or Switch onritgre events. As students explore,
encourage students to find methods and strategiesalyzing these game situations.
They may use a tree method or a grid method fautating probabilities. Encourage
both of these strategies and allow students tca@xtheir approaches to analyzing each




situation. Before students begin their exploratygny may desire to use the website
http://www.mathgoodies.com/lessons/vol6/independevents.htmto teach concepts of
independent events.

C. Essential Questions to address throughout lesson
In what kinds of situations is it appropriate todfiprobabilities by dividing the area of a
square? Give an example to illustrate your answer.
How can you use the area of a square to analyrebalpility situation?
What strategies can you use to analyze probasilititions with independent and
dependent events? Why do they work?
When playing the Monte Hall game of Stick or Swijtalinich is the better strategy and
why?

D. Closure — Summary:
Students should share their strategies for analyairicomes where the events are not
equally likely. Counting trees are a tool that nbaydifficult for students to understand
how and why to weight each branch. An area analysises the weighting more
obvious. This idea can be illustrated using a sgirsmmilar to the ones in Investigation 1
and drawing a tree diagram to represent two sflhallenge the validity of counting
trees that do not address unequally likely outcordesnonstrate how using a square can
illustrate unequally likely outcomes. Divide theuage to illustrate the first event. Then
divide the square to illustrate the second outcdtgdents should see that the fraction of
the total area represents the probability of thetison. They will need knowledge of
common denominators for this strategy. Encouraggestts to find and use a strategy
that affords them correct calculations and a satiderstanding of probabilities involved
with dependent events. The challenge is to maxitthiegorobability of winning a given
game or situation.

Investigation 5: Expected Value

Students will simulate situations that consisa sequence of two independent
outcomes in which the probability of the seconccoate depends on the first outcome.
They are formally introduced to the teerpectedralue or long-term average. Examples
of this are shooting one-on-one free throws, wisitldents will simulate using adjustable
spinners.

A. Motivational Opening — Launch:

Share the following story or personalize one ofry@aun. Make sure everyone
understands the difference between a free thronoaaeand-one situations. “Nicky is
playing basketball on her school team this yeathéndistrict finals, the team is 1 point
behind with 2 seconds left in the game. Nicky joas been fouled, and she is in a one-
and-one free-throw situation. This means that Nieki/try one shot. If she makes the
first shot, she gets to try a second shot. If shes@s the first shot, she is done and does
not get to try a second shot. Nicky’s free-throverage is 60%.” Ask what are the
possible numbers of points that Nicky could scara bne-and-one situation. (0 points, 1
point, and 2 points) Explain how each of theselegwpen. Ask the students to predict
what is most likely to happen since Nicky’s freeetl average is 60%. Ask students to
explain their answers. The intention is not to ligean answer at this time. Tell students
that they will be using spinners to simulate Nickgverage and generate experimental
data about the likelihood of each result.



B. Core Learning Activities — Explore:
Students will be setting their spinners to representions with 60% or 216 degrees for a
hit and 40% or 144 degrees for a miss. If the §@hner is a miss, the simulation is over.
If the first spin is a hit, the spinner is spureaand time. Some ideas to remind students
of: (1) the probability of an outcome not happenmd minus the probability of it
happening, and (2) the probability of making orsimig on the second shot is still 60%.
The basketball has no memory of how she did orisieshot. Be sure students gather
data that accurately portrays the situation. Adietiermining the experimental probability
that the player will get a score of 0, 1, or 2dsituts find the theoretical probability by
using an area model. Students determine the langdgerage, expected value, for the
situation and explore expected value in a variégifferent probability settings. As
students conclude their investigations, they lamiqiatterns in their findings about
expected value that enable them to make predictibost the data.

C. Essential Questions to address throughout lesson
How would you calculate the probability of an outethat has more than one step?
How would you calculate the expected value fortaasion?
Nicky’s father noticed that he makes an averagabolt 1 point whenever he is in a one-
and-one situation. What do you think his shootiegcpntage is? Why?
How do theoretically probabilities for the one-amuk situation compare to the
theoretical probabilities for the two-shot situatto

D. Closure — Summary:
Ask students to share their experimental data.rAtiedents share their experimental
data, ask how groups calculated the theoretical. dtdve students share their area
models and other strategies with the class. Thee pee questions of how the grid allows
students to analyze the expected value, or long-éarerage, in the situation. Have
students discuss how they would analyze the simatiNicky's average were 40% or
80%. What would her expected value be in eachtsiu@ Help students understand the
difference between a two-shot situation and a omeeme situation. Have students share
the patterns they found in calculating expectedeal

Investigation 6: Carnival Games
Students investigate two game type scenarios alyzng probabilities and pay

offs or cost situations to determine the profiti§pibf each situation. These are similar to
daily life in that they present scenarios typicahtiddle school interests. Although this
lesson leads nicely into the final project, it @so be left out if time is a factor. The final
project will cover this material effectively.

A. Motivational Opening — Launch:
Use the Crazy Choices Game at
http://www.shodor.org/interactivate/activities/Cy&hoicesGamep illustrate a game
that the students spontaneously make up. You dandig, spinners, cards, or coins to
start the game. Have students fill in the theocaéficobabilities of their pretend game and
then play the game as a class. Ask students whatitides a fair game or one they
would be willing to participate in playing. Why apon what do they base that decision?

B. Core Learning Activities — Explore:
Tell the students that there are several “gamesy will be playing today. The object is
to determine the experimental and the theoreticabgbility of each one. They should




record their findings in their math notebooks faodission at the end of class. Remind
students that they can investigate any of the gahegschoose, but they must complete
at least two with their probabilities written ireih notebooks. Ascertain that students are
collecting experimental probability data and connmpgitheoretical probabilities in each
situation.

C. Essential Questions to address throughout lesson
How does your experimental data compare to theréhieal data? Does it come closer
with multiple trials?
How can you use probability analysis to help yokendecisions?
What are the probabilities of winning the lottekyhy do you think people play? Is this a
valid reason? Why or why not?

D. Closure — Summary:
Many of these games require students to think a&eeryday situations that involve
probability analysis. Engage students in discusBow these situations are similar to the
decisions they make in life, and how these simoitatihelp them understand what to base
their decisions on. Discuss with students the mergespects of the cereal box
problems and why marketers may use these stratégpeslude the discussion with the
state lotteries and how these raise money forttdie.sAsk if they think the lottery would
exist if people won more than they lost? Why or wloy? Address the math involved.
The solution to the cereal box problem can be faaind
http://sesd.sk.ca/eprob/hockeysolution.land a blank table for printing at
http://www.mste.uiuc.edu/users/reese/cereal/blahlelaiml

Investigation 7: Analyzing Sequences of Outcomes
Students will investigate sequences of binomiainés such as birth order of

Labrador puppies, male/female, and guessing answeadrue/false test. These are
essentially the same as tossing a coin as themesm each of these situations are
equally likely. According to USAToday, July 7, 2Q0éroughout the world, more boys
are born than girls.” However, “male semen contaqsal numbers of sperms bearing X
(female) and Y (male) chromosomes, which impliegqmal chance for a male child.”
Thus, this investigation presents them as equiay events. Determining theoretical
probabilities in 50/50 probability situations whlé investigated using counting trees and
coin tossing simulations. ExploreLearning will b&ed for a binomial investigation and
NLVM will be used for this simulation.

A. Motivational Opening — Launch:
A fun way to launch this problem is to announcé®students they will be taking a
short quiz that contains four true/false questidsk students to put their names on a
piece of paper and list the umbers 1 to 4 so tiet tan record their answers to the quiz.
Now pretend to look for the quiz and after a bisb@iffling papers around on your desk,
tell the class that you must have left the quizaahe. The class will probably be
relieved. But then tell the class that they car tidde quiz anyway.
Ask them to take a penny and flip the coin fourasnrecording their answer after each
toss. Heads for true, tails for false. Next usettfaeher key to grade the quiz. Collect all
the scores on the board. Ask that each student mmadeord. Then the class will analyze
the experimental probability of getting a scord00%, 75%, 50%, 25%, and 0%. Tell



students they are going to be investigating ewshese there are only two outcomes,
both of which are equally likely.

B. Core Learning Activities — Explore:
Students will explore binomial probability by coraphg the gizmo worksheet for
Explore Learning. They will be using tree diagralves, graphs, and direct calculation.
This investigation includes solving real-life prebis involving binomial probabilities as
well. Students will then investigate the town ot@wille where each family is named
Orton and has exactly five children. Each familyoahgrees to name their children in a
special order. Girls are named Gloria, Gilda, Gadsry, and Gina. Boys are named
Benson, Berndt, Blair, Blake, and Brett. Studentktinen investigate to determine the
possible outcomes, combinations, and probabilitgawh situation. Students may use a
spinner at NLVM to represent the boy/girl probaijlicoin tossing at the NLVM — a
quicker method, as it will generate the five tossasultaneously, or counting trees.
Allow students to choose their method of obtairemgerimental data and then encourage
them to choose a different method for calculatheptetical data. They may choose to
list them in a counting tree or use a strategy libt the possible outcomes as 5 girls, 0
boys, 4 qirls, 1 boy, etc. They should then chéekrtanswers on the Explore Learning
gizmo for 5 trial outcomes.

C. Essential Questions to address throughout lesson
What constitutes a binomial situation? How do yoow when a situation is binomial?
As you increase the number of actions for a binbeitaation what happens to the total
number of possible outcomes? For example: if yoteimse the number of times a coin is
tossed, what happens to the total number of outs@me
How does the probability of answering 3 questiamsert on a 5-question quiz compare
to 3 girls in a 5-child family?

D. Closure — Summary:
Ask students their basic strategies for findingladl possible outcomes of binomial
situations. Discuss that these are binomial siinatbecause they have two outcomes at
each stage. In this case, each outcome is eqidaly,|but this is not always the case in a
binomial situation. You may choose to expand thiestigation to discuss the
probabilities involved with unequally likely everdaad how to determine the theoretical
probabilities associated with each one. DiscusB thi¢ class other examples of binomial
situations and why binomial is a good name forérgtiations.

Assessments and Evaluations:

1) Informal assessmentsTeacher will evaluate student work as studentsamgpleting
each investigation. Being aware of student worgrimgress and being available to

answer questions as they arise is important tdaddadnd solidify student understanding.
Listening to students talk about their thoughts seabons with their partner is important

in determining the structure of the closure. Stusi@eed to connect experimental and
theoretical data and be able to successfully coente two. Creating games and projects
will signify the depth of student understandingegperimental and theoretical

probability, equally likely outcomes, fairness imatice games, and expected value. These
are informal methods of evaluation that cannot meearated.

2) Exit card Quizzes:to ascertain student understanding of concepts.



Exit card quizzes will determine the extent of indual student understandings in
analyzing data and determining the fairness of ch@ames. Students must fully answer
each question including a mathematical explangiroring their conclusions. Exit cards
will be graded using a 4-point scale with 4 beingeg for correct answers and solid
mathematical reasoning and 1 being given for ireranswers and weak or no
mathematical reasoning being given. One quiz igigeal in investigation two.

3) Projects: Two projects and a concept map are incorporatecims unit. These will

be graded according to the project rubrics. Prsjatiow students to showcase their
individuality and creativeness as well as offereasments of a non-test nature. The
concept maps created in Inspiration will also altbe teacher to assess student
knowledge of probability and the ability of the déumt to connect ideas and relatedness of
probability concepts.

a) Final project: Carnival Game
Students will create a carnival game based on kmeiwledge of probability to entice
parents and students to step up and spend monEégmoity Night, a school activity for
the entire family. Students will utilize technologgd SmartBoards to make their games
available for this event.

b) Probability and Sports Project:

This project is devoted to Internet research opezific topic: finding topics in sports
where probability is relevant. The goal of the pobjis to introduce some statistics and
probability concepts by looking at practical quess that arise in professional sports.
Students will choose a sport they are interesteththresearch how probability is
relevant to that sport. They will present theidfimgs in a Power Point presentation.

c) Inspiration Concept Maps — Student knowledgprobability and its connections
evaluated according to concept maps created ussmpiration. Students will create a
concept map using their knowledge of probabiligried in this unit. The website
http://copland.udel.edu/~kcbrown/ciphome.hirifi be used as a reference resource as
well as the evaluation rubric for ascertaining studunderstanding.

4) Probability Unit Review: online tutorials and assessments to prepare dsittarthe
unit test on probability. See attached documeniob&bility Review in student pages.
5) Tests: Further assessment of probability concepts inthiswill be included on
student reflections, chapter quizzes, and the findltest. A final test is included in this
unit for those without access to the teacher edibbConnected Mathemati¥ghat Do
You Expect?

Interdisciplinary Connections:

English/ Language Arts: In the short story “Theteog,” what is the probability a person
will be chosen by the town for the final drawing?

Science: Mouse Genetics: How are probability anthetisquares used to determine the
probability of specific traits in animals? Why wduhis be useful?
http://www.explorelearning.com/index.cfm?method=s&&ce.dspView&ResourcelD=3
82

Science: Evolution: Mutation and Selection — Wisahie probability of a creature’s
capture by predators based on camouflage?




http://www.explorelearning.com/index.cfm?method=s&&ce.dspView&ResourcelD=5
54

Science: Diffusion: During exercise, your body temgture is elevated slightly. How do
you think that affects the rate of diffusion forygeen and carbon dioxide in the lungs and
bloodstream?
http://www.explorelearning.com/index.cfm?method=s&&ce.dspView&ResourcelD=4
17

P.E./Health: What does it mean to when you reattki®aprobability of side effects from
the flu shotis 1 in 10. Would you get the shot2Mdhwhy not?

Business/Technical Education: If the probabilityadfuilding surviving an earthquake is
75% and you lived in California, would you buy thperty? Why or why not? (Or
flood insurance in Delaware, etc.)

Helpful Notes:

Successful implementation of this unit depemalsn ready access to computers and
the Internet. The technology utilized in this weitjuires the teacher to be informed about
the use of the different sites so that he or shefe confident in leading the
investigations, addressing student questions, wdlhey trouble-shooting technology
situations. The sites however are basically sirapkt require little practice for teacher
preparation. If you believe in Murphy’s Law, farailize yourself fully with the
investigations and the logistics of each site efitempting implementation! | believe
you will find the sites fun, mathematical, and ws@h teaching these probability
concepts.

The unit is geared to seventh grade traditisnalents. Sixth graders who have been
exposed to simple probability concepts could cotepleis unit with teacher instruction.
Student unfamiliarity with the Internet or compupegograms may create greater
scaffolding requirements than classrooms with sitglpreviously knowledgeable with
Excel, Word, Fathom, and accessing Internet was siighth grade teachers may utilize
the unit extending the Expected Value, Binomialfdseand Fathom investigations to
increase the difficulty level of the unit. Spedtalucation teachers or English Language
Learner teachers should feel free to utilize tivestigations or web sites as appropriate
for their individual students and classes as mamyte geared down if necessary or
accessed in Spanish if desired. Although the uilizes some of the material and ideas
from the Connected Mathematics book, successfulementation of this unit does not
depend upon its use or availability.

Reflection:

Having a knowledge and understanding of probability not only help students make
wise decisions, but can help them make inferencdgpeedictions about what will
happen over an extended period of time. Studentemgounter situations involving
probability throughout their lives. They need tovéatrategies for understanding given
situations in order to know how to make those wiseisions. Students will use
probability in their future math classes to makfeiences and predictions about
populations based on analysis of population samplaesy need to develop useful



strategies for analyzing more complex situation®lving theoretical probabilities as

well as develop the ability to make inferences pratlictions in real world probability
problems and situations. This unit encourages ugnigus strategies for collecting and
analyzing data, making comparisons to determirredas, and allows students to apply
their knowledge to probability games they creaselHesson launch engages students in
probability situations. As students investigate, lgssons encourage each student to
interact with the data drawing conclusions and mglknferences. In each summary,
students share their findings and conclusions.shaging of ideas and mathematical
reasoning based upon analysis, permits studectstonunicate their ideas and reflect
upon the ideas of their classmates.

My students are familiar with interactive investigas on the Internet. They have a
solid understanding of Excel and a limited intraglue to Fathom. Students may also
choose to record their work on paper and then e¢nhéedata into Excel or Fathom.
Although this is time consuming, | have noted ia gast that often there is a student or
two that needs this allowance. It may be more toesuming, but the student is usually
a consistent worker that finishes within a timelgmmer. If students are not familiar with
the Internet or use of these technology tools aetitne may be needed to navigate the
unit investigations. As is sometimes the case titihhnology and the Internet, the teacher
should be prepared for any contingency — in othends, have a back up plan. The
student worksheets can be printed and utilized natt-technological manipulatives.

In considering this unit and the use of Fathbdecided to actually teach the use of
Fathom on a separate day. This would enable mvédtige students time to explore as
well as instructional time on the use of this peogr | believe both are vital prior to
implementing Fathom into a lesson investigation thquires students to create multiple
graphs, draw conclusions, and create a game. émpit@g unit to focus on the goals and
objectives stated in the unit and believe that &atscaffolds and supports those
objectives. | provide an instruction sheet to suppod guide the use of Fathom specific
to the second investigation lesson such as usagdhditional formulas to fill in the
even/odd column. As mentioned, the teacher shardider his/her students and
introduce the technology as appropriately as ptessibprovide scaffolding and
discourage frustration with the technology.

As sometimes happens when using technologg/hird to predict the amount of time
students may need to complete an investigationirAdidhe use of the Internet tends to
qguicken a lesson, but it can also lengthen thetegsstudents struggle with the logistics
of manipulating to required sites and documentgriret interruptions and computer
glitches may require students to pair up. Be awéateacher requirements in helping
students navigate the Internet and plan to utyae& computer savvy students as helpers.
Not only does this facilitate your time, it alsodsts student confidence and peer
relations. Implementing this unit with technology butweighs any technical difficulties
that may arise. Being prepared with printouts, tgsk hands-on manipulatives, and
graph paper can enable teachers to hurdle unforésedles or roadblocks. | believe
students will gain from incorporating the technglagto the math concepts. This allows
students a window into the comparisons betweenrgrpatal and theoretical data that is
difficult to support without technology.



Student Pages:

Investigation 1

What Do You Expect?

The Game: Match/ No Match

THE GAME : April and Tioko invented a two-player game calMdtch/No-Match. A
player spins this spinner twice on his or her tufrboth spins land on the same color (a
match), Player A scores. If the two spins landidferent colors (a no-match), Player B
scores. Since there are two matching combinatidsise/blue and yellow/yellow—they
decided that Player A should score only 1 poinefonatch and Player B should score 2

points for a no-match.

THE TASK : Play the Match/No-Match game with a partner usiregspinner at

http://nlvm.usu.edu/en/nav/frames_asid_186_g_3htnB?open=activitiesClick on
“change spinner” and create a spinner with twoisestof different colors. Take a total
of 24 turns (12 turns for each player). For each,trecord the color pair (YY for
yellow, yellow) on the lab sheet below and awaroh{soto the appropriate player. You
may play against a partner or represent the twgepsayourself. Just be careful to

correctly record the scores!

Turn # | Result Player A’s
score

Player B’s
score

Turn #

Result

Player A’s
score

Player B’s
score

13

14

15

16

17

18

19

20

21

22

23

il e
RIR|IB|o|o|~|o|o|s|winv|e

24

AFTER THE 24 SPINS:

A. Use the results you collected to find the expental probabilities of a match and

a no-match.

The experimental probability of a match is:

P(match)=

number of turns that are matches

total number of turns




The experimental probability of a no- match is:

number of turns that are no-matches
P(no-match)=

total number of turns

B. List all the possible outcomes of a turn (twansp.  Write the outcomes as pairs of the
form coloron first spin/color on second spisuch avlue/blue Use your list to
determine théheoretical probabilitieof a match and a no-match.

Since all the outcomes are equally likely, the theoretical
probability of a match is:

number of outcomes that are matches
P(match)=

number of possible outcomes

The theoretical probability of a no- match is:

number of outcomes that are no-matches
P(no-match)=

number of possible outcomes

C. How do your results for parts A and B compare?

D. Is Match/No-Match a fair game? If you think tpe@me is fair, explain why.

If you think the game is fair, explain why.

If you think it is not fair, explain how the rulesuld be changed to make
it fair.



Investigation 1
Probability Simulations Gizmo

Explore Learning

Exploring Probability Using Spinners
If a spinner is divided into sections of equal stbe probability of the spinner's pointer
landing on any one of the sections will be the same

1. In the Gizm8", set Number of spinners to 1, and sections to 2.

a. If a spinner is divided into two sections, thare only two possible
outcomes for a spin; either the pointer will endpgnting at section 1, or
it will point at section 2. What is the probabilitye pointer will end up in
section 1?

b. Using the sections slider, increase the numbsedciions in the spinner.
As the number of sections increases, will the podibg of the pointer
ending up in section 1 increase or decrease? Explay.

2. Set Number of spinners to 1, and sections to 4.

a. On paper, calculate the probability of the paiminding up in section 1.

b. If you spun the spinner 20 times, how many tieh@gyou think it would
point at section 1? Would you expect this numbdyetdhe same for
sections 2, 3, or 4? Why or why not?

c. Click Run trial. On paper, record whether thenfgr pointed at section 1,
2, 3, or 4. Do this 19 more times, so that you halist of 20 results.
Count the number of times the pointer pointed ahesction. How do
your results compare to your predictions in theviones step?

d. Using your 20 trials, calculate the experimeptabability for each
section of the spinner.

Fair Games with Spinners
A fair game is one in which each player has an lechience of winning.

1. Your friend proposes a game involving two spmng&ach spinner will be divided
into two equal sections, labeled 1 and 2. If yom $ipe spinners and both point at
the same number, you win; if they point at difféareambers, your friend wins.

a. Try this game in the Gizmo by setting Numbesmhners to 2. Then, set
both sections sliders to 2, and click the = butfamplay a round, click
Run trial. What was the result for each spinnerfidgédhat if the two
spinners have the same value, the Gizmo displaix®ekmark to indicate
that you won. Did you win this round?

b. Click Clear trials, and then click Run trial @es. Notice that the last
column in the table at the top-right indicates vialeetyou won a given
round. Count the number of times that Yes appesttsis column for the
20 trials you ran, and then calculate your expemniiaeprobability of
winning this game.

c. To check your answer, look at the table at titéon-right. The Gizmo
shows your experimental probability for winning t@me in the top row,



and your friend's in the bottom row. Do you thihksta fair game? Why
or why not?

2. Your friend proposes a new game. As beforegif gpin the spinners and both get
the same number, you win; if you each get a differeimber, she wins. In the
new game, however, each spinner will be divided tsections instead of 2.

a. Can you predict whether this game will be f&xplain your reasoning.

b. Set Number of spinners to 2, and both sectibaers to 5. Click Clear
trials, and then click Run trials 20 times to pkfyrounds of the game.
What does the table at the bottom-right show asxiperimental
probability of you winning this game? Of your fritinning? Do you
think this a fair game? Why or why not?

www.explorelearning.com




Investigation 1
Theoretical and Experimental Gizmo

Explore Learning

Theoretical and Experimental Probability

1. Imagine you are spinning two spinners, eactddbiinto 5 sections of equal size.
What is the probability that they will both showetbame number after you spin
them?

a. To simulate this problem in the Gizfidirst set Number of spinners to 2.
You should now see two sections sliders. Set bethians sliders to 5,
and click the = button. What does the table abibtéom left display for
the theoretical probability of this event? Is itmadikely for the two
spinners to show the same number or different nus?be

b. Onthe THEORETICAL tab, the table shows all pessible outcomes for
the first (red) spinner in the leftmost column, atidthe possible
outcomes for the second (blue) spinner in the ¢ayp iThe cells in the
table show a Y if the spinners match each otheraeni if they do not.
Count the Ys and Ns in the table, and then expghese two numbers as a
ratio. What does this ratio tell you about thelitkeod of the spinners
matching each other?

c. Select the EXPERIMENTAL tab. Click Clear, anéttRun 10 trials. The
table at the bottom shows the experimental proltalod the spinners'
matching, based on the 10 trials. How does therexpatal probability
compare to the theoretical probability?

2. Can you use the experimental probability of wenéto estimate its theoretical
probability?

a. Make sure Number of spinners is set to 2, st $ections sliders to 10,
and click the = button. What does the table abibtéom left display for
the theoretical probability of this event?

b. Onthe EXPERIMENTAL tab, click Clear, and thearRLO trials. The
table at the bottom right shows the experimentabability of the
spinners' matching, based on the 10 trials. Onrpap#&e down the
experimental probability shown. Click Clear, andritRun 10 trials again.
Record the experimental probability. Repeat thecpss three more times,
so that you have five experimental probabilitiegpaper. Did you get the
same experimental probability each time? How dcetterimental
probabilities you obtained compare to the theoakfpcobability?

c. Click Clear, and then click Run 10 trials 10¢srin a row. Notice that the
table at the bottom left now shows the experimegmtabability for 100
trials. Record the probability shown. Click Cleam 100 trials again, and
record the probability. Do this 5 times in totaldyou get the same
experimental probability each time? How do the expental
probabilities you obtained compare to the theoattcobability?



d. Is the experimental probability a good predictbthe theoretical
probability? Is the number of trials used in cadting the experimental
probability important? Explain your reasoning.

The Complement of an Event

1. With Number of spinners set to 2, set both sastsliders to 4.

a. On paper, calculaBspinners match). Next, click =, and compare your
answer to the theoretical probability shown infil& row of the table.

b. Notice that the second row of the table showstiobability of the
spinners not matching. On paper, verify tR@pinners don't match) = 1
P(spinners match).

c. Vary both sections sliders to create two newrsgis. Verify that
P(spinners don't match) still equals P(spinners match). Will an event
and its complement always have this relationshipfy*V

2. Set Number of spinners to 2, and both sectibaesrs to 4. Click . This defines a
favorable outcome as one where spinner 1 is grédsdaror equal to spinner 2.

a. Click each of the, <, and buttons, and watch how the table on the
THEORETICAL tab changes. Which two inequalities énaw opposite
pattern of Ys and Ns?

b. What is the complement of “spinner &pinner 2'? Is it “spinner 1
spinner 2', or ‘spinner 1 < spinner 2'? Explainry@asoning.

www.explorelearning.com
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Sample Answer Sheets

Investigation 2.1
Rolling Dice
Experimental Probability
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Exit Card Quiz — Investigation 2
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Investigation 3
Playing Treasure Hunt

Open T drive, StuPub, kbrown, click on the file NEWIP.

Double click on the icon Treasure. It looks likést ' ' When the window pops
up, click on Extract All.

Click on next.

Click on Browse.

Use the Drop down window to click on Desktop.
Click on Next.

Before you click Finish, make sure that the boghecked that says to Show Extracted
Files. Click Finish.

Now double click on the icon that looks like theedrelow and you are ready to play the
game.

I 1&

See how far you can go in this game. Can you canigesel One? Level Two? What
strategies does it take to obtain access to Lewvede? Inform the teacher if you make it
to Level Four! You're an ace at treasure hunting!



Investigation 4
Independent Events

ExploreLearning

Independent Events

1.

Log in to ExploreLearning.com at
http://www.explorelearning.com/index.cfim?method=s®&ce.dspView&Resour

celD=211 Click EMPTY to empty the bag at the top-left b&tGizmd". Then,

drag 1 blue marble and 2 green marbles into the bag

a. On paper, calcula®&B), the probability of randomly drawing a blue
marble from this bag. Also calculate the probapitit drawing a green
marble,P(G).

b. Select 1 for Number of draws, and then selexTtHEORETICAL tab.
Notice that drawing a blue marble is representethbyetter B in the first
column, and drawing a green marble is represente¢dedletter G. Check
your answers foP(B) andP(G) in the Calculation column.

Imagine that you were drawing marbles one aitether from a bag containing 1
blue and 2 green marbles. To simulate this proletne Gizmo, select 2 for
Number of draws, and Yes for Replace marbles afieh draw. (Make sure there
are 1 blue and 2 green marbles in the bag.)

a. If you replace each marble after you draw iB(B) the same on the
second draw as it is on the first? Explain yousogang.

b. Select the THEORETICAL tab. Each row in the ¢didts a different
possible outcome. For example, the first row is ®Bich represents
drawing a blue marble on both the first and seanagvs. Similarly, the
first fraction in the Calculation column i¥B) for the first draw, and the
second fraction i®(B) for the second draw. Do these fractions matmiry
answers from the previous step?

c. Look at the other rows in the table. Notice ﬁ;jmh fraction in the

Calculation column that correspondsP(@) is 3, regardless of whether it
is for the first or second draw. Do all the fraosahat correspond #(B)
also have the same value? How does this relatecto @aw being an
independent event?

Probability of Compound Independent Events

1.

Imagine that you were drawing marbles one aft@ther from a bag containing 1
blue and 2 green marbles, replacing each marlkde ydu drew it. To simulate
this problem in the Gizmo, select 2 for Number @fvis, and Yes for Replace
marbles after each draw. (Make sure there ared.did 2 green marbles in the

bag.)

a. One possible outcome would be to draw two blagbtas in a row, which
could be represented as the compound event BBaPerplist all the
possible compound events that can result from taasl from this bag.



b. Select the THEORETICAL tab and compare yourttighe table's first

column.
c. Inthe table, notice that the probabillit¥ ofwlirdag a blue marble and then a

green marbleP(B and G), is equal té» E Will the probability ofP(B and
G) be less than or greater than the probability(&f)? Explain your

reasoning.
d. On paper, calcula®G and G). Check your answer in the Gizmo's table.

www.explorelearning.com




Investigation 4
Independent and Dependent Events

ExploreLearning

Compound Independent Events
The probability of a compound independent e\®{#, thenB) is equal to the product

P(A) « P(B).

1. Imagine a bag contains 3 blue and 2 green nsratel you draw two marbles
from the bag, one at a time. Each marble is reglatéhe bag after it is drawn.

a. What are the possible outcomes? List them oarpap

b. Is every individual draw an independent eveni@3l&n how you know.

c. On paper, calculatB, thenG), the probability of drawing a blue marble
first and a green marble second. To check your andag in to
ExploreLearning.com at
http://www.explorelearning.com/index.cfm?method=s&&ce.dspView
&ResourcelD=249click EMPTY in the Gizm®', and then drag 3 blue
and 2 green marbles into the bag. Select 2 for NMurabdraws, and Yes
for Replace marbles after each draw. Select theQRIETICAL tab, and
find theBG row. The final column shows the probability of #empound
eventP(B, thenG) .

d. If, instead, the bag contained 3 blue and 3rgnearbles, how do you
think the probability oP(B, thenG) would change? Calculate your
answer on paper, and then check it in the Gizmadalyng a green marble
to the bag.

2. A bag contains 3 blue and 2 green marbles. Yaw @ marbles from the bag,
with each draw being an independent event.

a. What is the probability of all three marblesvanebeing green? Calculate
the probability of this compound event on paper.

b. Is drawing three green marbles from this bagbet probable result? If
not, what is? Explain your reasoning on paper. Thback your answers
in the Gizmo by placing 3 blue marbles and 2 gmaarbles in the bag,
and selecting 3 for Number of draws and Yes forl&s=pmarbles after
each draw.

Compound Dependent Events
The probability of a compound dependent e\t thenB) is equal to the produ&(A)
 P(B afterA) .

1. Imagine a bag contains 3 blue and 2 green ngrafel you draw two marbles
from the bag, one at a time. Marbles drawn frombihg are not replaced.

a. What are the possible outcomes? List them oarpap



b. Are any of the draws independent events? Exblewm you know.

c. On paper, calculatB, thenG), the probability of drawing a blue marble
first and a green marble second when marbles dneplaced between
draws. To check your answer, click EMPTY in ther@d and then drag 3
blue and 2 green marbles into the bag. Select Ridonber of draws, and
No for Replace marbles after each draw. SelecTHIEORETICAL tab,
and find theBG row. The final column shows the probability of the
compound evere(B, thenG) .

d. If, instead, the bag contained 3 blue and 3rgnearbles, how do you
think the probability oP(B, thenG) would change? Calculate your
answer on paper, and then check it in the Gizmadayng a green marble
into the bag.

2. Click EMPTY. Create your own mix of blue andgmemarbles in the bag. (Make
sure there are at least 3 marbles in it). Set Nurobdraws to 3 and select the
THEORETICAL tab. Then, study how the fractionshe Calculation column
change when you switch between Yes and No for Repiaarbles after each
draw.

a. Do any of the leftmost fractions change basedtwether or not marbles
are replaced after each draw?

b. Which denominators change when marbles areeptdced between
draws? Explain how each changes.

c. Why do some numerators change and some do not?

www.explorelearning.com




Investigation 4
Two Colors Game

Use this website to answer the following questions:
http://www.shodor.org/interactivate/activities/twocolors/index.html

Two Colors Tally Sheet

# of # of Experimental
times | times | Experimental | Experimental probability of
Total # of the both | probability of | probability of | both balls being
experiments | first balls the first ball  both balls being green, given that
ballis | are being green green the first ball is
green | green green

Use the following formula for experimental probaiil
Experimental probability = (Number of cases when tke event happens) / (Total

number of cases)

© Copyright The Shodor Education Foundation, Inc.
For more information, please visit http://www.shodor.org/




Investigation 4
Stick or Switch

The Monte Hall Game

, ' $% $! 'l 17
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http://www.shodor.org/interactivate/activities/mgtindex.html

Monty Hall Tally Table

Experimental Probability
of winning

Action Taken  # of games played# of games won

Games Stayed
Games Switched.
Use the following formula for experimental probéaiil

Exploration Questions

% %




Investigation 5
Shooting One-and-One Free-Throws

You will be using the following website to collegbur data on Nicky’s free-throw shots.
http://nlvm.usu.edu/en/nav/frames_asid_186_g_1htmil Click on Change Spinner, and
change the spinner to represent 60/40 sections.CHm be accomplished by making 3
section one color and 2 sections another. Remethbeules for one-and-one situations.
You only get a second shot if you make the firgitsh the first shot is a miss, be sure to
feel the second shot column blank! You will be dimting 20 situationsfor Nicky. Use
the table below to record your results.

Situation # Shot #1 in Shot #2 in Situation|# SHbin Shot #2 in

11

12

13

14

15

16

17

18

19

'Somxlmm.hwmp

20

1) Based on your results, what is the experimeprtaability that Nicky will score 0
points? That she will score 1 point? That she satire 2 points? Explain your reasoning.

2) Use the area model for this situation on thé&yLQ0 grid below. Place and X to
represent the first shot being made. Then useoaepresent the"2shot. What is the
theoretical probability that Nicky will score O p$? 1 point? 2 points?




3) How do the three theoretical probabilities corepaith the three experimental
probabilities?

4) In 100 one-and-one free-throw situations, homyrtames could Nishi expect to get a
score of 0? A score of 1? A score of 2?

What is the expected number of points Nishi coulgeet to score in 100 trips to the
free-throw line? Find a useful method of organizyogr findings.

What would her average score per trip be? The gearamber of points per trip is called
expected value. This is Nishi's expected value.

Now: using the 10X10 grids on the next page, calaik the expected value for the

following averages:

1) If a player with a 20% free-throw average gaethe line for a one-and-one situation
throughout the season, what is his or her avemageach one-and-one free-throw
situation?

2) A player with a 40% average?

3) A player with an 80% average?

4) What patterns do you observe in your informatidiny to list at least 3.
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Investigation 6
Games, Games, Games

Game 1
GUESS THE NUMBER

Click on the following website and discover how maémes it takes to guess the correct
number! Read through the questions and then siteupxperiment and run your trials.
Then, answer the questions in your math notebétdmember to record your trial data
as you perform each experiment!

http://sesd.sk.ca/eprob/quess.htm

Then create your own experiment and attempt to antve questions in the “Examples”
box!

Be ready to share with the class your data and enssw

Game 2
The Cereal Box Problem

Suppose there was one of eight prizes inside yauarite box of cereal. Perhaps it's a
colored pen, a secret decoder ring, or a picture. ¢éow many boxes of cereal would
you expect to have to buy, to get all eight prizes?

It is not practical to go to the store and buytladit cereal at once. Suppose you got
together with your friends and after a combinedchase of 8 boxes you do not yet have
all eight prizes. Should you be surprised?

What if you don't have them all after 10, or 1520rboxes? How many boxes do you
think that it should take to get all eight?

Can you think of a way to model this problem withbuying any cereal? Describe or
illustrate a plan in your math notebook.

Now, click on the following website and run tris¢ssee how many boxes of cereal you
have to buy in order to have all eight prizes. Régmur trials or click in the “log trials”
box for the computer to record and average yowltses
http://www.mste.uiuc.edu/users/reese/cereal/céntnall.

Be ready to share your ideas and solutions wittldes!

Early Finishers: Try to answer these questions:
http://www.mste.uiuc.edu/users/reese/cereal/questiom|




Game 3
The Cereal Box Problem for Hockey Fans

In a recent promotion Upper Lipp placed a singlekéy Card in every box of Wheaties
cerealHow many boxes of cereal would you expect to have buy, to get all six
cards?

It is not practical to go to the store and buytladit cereal at once. Suppose you got
together with your friends and after a combinecthase of 6 boxes you do not yet have
all six cards. Should you be surprised?

What if you don't have them all after 10, or 1526rboxes? How many boxes do you
think that it should take to get all six?

Can you think of a way to model this problem withbuying any cereal? Describe or
illustrate a plan in your math notebook.

Now, click on the following website and run tria¢ssee how many boxes of cereal you
have to buy in order to have all six hockey caRiscord your trial results in your
notebook.

http://www.sesd.sk.ca/eProb/collect.htm

Be ready to share your ideas and solutions wittcldEs!

Early Finishers: Try to answer these questions:
http://www.mste.uiuc.edu/users/reese/cereal/questioml|

Game 4
Cliffhanger
Description
A long day hiking through the Grand Canyon dasombobulatethis tourist. Unsure of
which way he is randomly stumbling, 1/3 of his stepe towards the edge of the cliff,
while 2/3 of his steps are towards safety. Fromrete stands, one step forward will
send him tumbling down. What is the probabilityttha can escape unharmed?

Use this website to determine the experimental gdodity of stepping off the cliff.

http://www.mste.uiuc.edu/activity/cliff/

Note: After using the simulation, try using applet that performs a hundred, thousands,
and even a million runs at onaad that allows you to change the probabilitytepping
toward the edge.




Game 5
Socks

Click on the following website and then click orethctivities button in the bottom left
corner. Follow the instructions for this activitgomplete #1-5 in your math notebook!

http://www.svgs.k12.va.us/math/Statistics/SockskSdaml




Investigation 7
Analyzing Sequences of Outcomes

Binomial Events

Exploring Binomial Probability
In this Gizmo™, you will explore probability in a binomial experiment.

1. Onthe CONTROLS tab, with= 2,P(S) = 0.50, and’(F) = 0.50, observe the
tree diagram to the right.

a. Whem = 2, how many trials does the experiment have?

b. What ddP(S) andP(F) represent? Notice thB(S) andP(F) are both 0.50.
In your own words, what does this mean? In whdtlieaexample might
this happen?

c. What doSS SF, FS andFF represent? Of the total number of possible
outcomes, how many outcomes are two successes? Wt answer as a
fraction. Write your answer as a decimal.

2. VaryP(S) by moving theP(S) slider.

a. AsP(S) increases, what happensR@d)? What happens #(F) asP(9
decreases?

b. WhenP(S) = 0.23, what i$(F)? (To quickly set a value, type a number in
the box to the right of the slider and press ENTBRhat isP(S) when
P(F) = 0.38?

c. Write an equation that describes the numeretationship betweeR(S)
andP(F). Explain in your own words why this is true.

d. P(S andP(F) both have a maximum value of 1 and a minimum e alu
0. If the probability of an event is 1, what doleattmean? What does it
mean if the probability of an event is 0?7

3. Click on the BAR GRAPH tab and observe the aply to the right.

a. What do the numbers 0, 1, and 2 along the botfidime graph represent?
What does the height of each bar represent?

b. If P(S = 1.00, how would you expect the bar graph t;nge& What
about ifP(F) = 1.00? Use the Gizmo to check your answer.

4. Setn = 3 andP(S = 0.40. Click on the CALCULATIONS tab and sel&p
Successes).

a. Inthe calculations at the bottom of the scré®mformula for binomial
probability uses the expressigt, as part of the equation. What is the
value of;C,? How many outcomes in the tree diagram includetéxawvo
out of three successes? How would you describenganing ogC; in
your own words?

b. What would the equation look like if you wishfiod the probability of 1
success? What would the equation look like if yashwo findP(0
Successes)? Use the Gizmo to check your answer.

c. What would the equation look like if you wishfind the probability of 1
success out of 4 trials, wh&{F) = 0.33? Use the Gizmo to check your
answer.



Real-World Binomial Experiments
In this section, you will solve real-life problemsnvolving binomial probability.

1. Suppose that, without even reading the questiansguess on a five-question
true-or-false test. What is the probability thatiyeaill answer all 5 questions
correctly? Follow the steps below to find out.

a. Onthe CONTROLS tab, seto represent the number of questions and
P(S andP(F) to represent the probability of guessing corgectl
guessing incorrectly. What is the valuen8P(S)? P(F)?

b. Click on TREE DIAGRAM and determine the numbgpossible
outcomes. How many of these outcomes are 5 sua®¥gete your
answer as a fraction. Write your answer as a ddcima

c. Click on the BAR GRAPH tab. Which bar represemtswering all 5
guestions correctly? How does the height of thatbanpare with your
answer to 1b above?

d. Click on the CALCULATIONS tab and select the lpability that
represents answering all 5 questions correctly. M&(5)?

e. On paper, write the binomial probability equatibat represents
answering 4 out of 5 questions correctly. Evaliiatdse the Gizmo to
check your answers.

2. Suppose that a basketball player shoots 4 liregvs. The player's probability of
making each shot is 0.70.

a. What is atrial in this experiment? What is ecess? What is a failure?

b. What isn? What isP(S? What isP(F)?

c. What is the probability that the player makegdtee throws? Show the
calculation and the answer. Check your answer usieagsizmo.

d. What is the probability that the player misséd &ee throws? Show the
calculation and the answer. Check your answer usie@sizmo.

e. How many free throws is the player most likelyrtake? How can you
see this using the bar graph?

f. Suppose the player wants to improve her freevirgshooting so that her
probability of making 4 out of 4 free throws isl@ast 0.5. What is the
smallest value dP(S) that will make that true? Explain how you discove
this using thé>(S) slider and the bar graph.

www.explorelearning.com




Investigation 7
Analyzing Sequences of Outcomes

Binomial Events

Situations like tossing a coin (or the true/falseyjthat have exactly two outcomes are
binomial situations. The probability of getting ooketwo outcomes (like heads or tails) is
called binomial probability. In this problem, youliexplore another binomial situation
that has equally likely outcomes.

Ortonville
Ortonville is a very special town. Each familynamed Orton and has exactly five
children. The parents in Ortonville have agreedaibtheir children these names:

The Orton Children

Girl Boy
First Born Child Gloria Benson
Second Born Child Gilda Berndt
Third Born Child Gail Blair
Fourth Born Child Gerry Blake
Fifth Born Child Gina Brett

1) Devise a method to list all the possible outcefioe a family with five children.

2) Use the coin tossing website to generate exgatiah data on binomial events of 5
trials. http://nlvm.usu.edu/en/nav/frames_asid_305_g_3htn8.

3) Check your method at using the gizmevatw.explorelearning.corfor creating
counting trees. Be sure to set your trials to 5.

4) What is the probability that a family has chrddmames Gloria, Gilda, Blair, Blake,
and Gina?

5) Find the probability that a family has:
a) exactly five girls or five boys

b) two girls and three boys

c) the first or last child a boy

d) at least one boy

e) at most one boy

6) How does the probability of having 5 girls comg#o correctly answering five
guestions on a true/false test? Explain your answer
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Sports and Probability Project

This project is devoted to Internet research opegi§ic topic: finding topics in sports
where probability is relevant. The goal of the pobjis to introduce some statistics and
probability concepts by looking at practical quess that arise in professional sports.
Your report should prove that having knowledge rbyability concepts is useful when
looking at sports.

Research Project Rubric and Requirements:

1.

2.

Research information about your sport to makeeotions between the sport and
probability.

Use your observations about the sport to devatapevaluate inferences and
make predictions that are based on your collecéa. dFor example: chances to
win against a particular player or team, chancesdke a “hole in one” in golf,
chances of making a basket in basketball, or angthise connected with
probability that you may find on the sports pages.

Formulate 5 — 10 questions that can be addressbddata and then collect,
organize, and display in a Power Point presentdlierrelevant data to answer
those questions. (Search for answers to your spegiestions concerning sports,
and try to find answers using Internet resourcbges@&ample questions about
golf can be used as exampleBoject includes questions and answers!

Understand and apply basic concepts of probability.
Use appropriate vocabulary in your report.

Use a basic understanding of probability to maketast conjectures
about your sport.

Compute probabilities for simple compound evengsgisuch methods as
organized lists, tree diagrams, and area modelss& must be included in
your project!

Additionally: Create a “Sports Challenge Questiona “Do you believe it?”
guestion. Find a piece of probability informatiom €ports you can use to
challenge another group to confirm or refute thlata. Students do not
necessarily give the correct answer, making thieigctnore interesting. For
example, having found that the record drive faoragldrive in a golf contest is
448 yards, the students may challenge another gftsup true that the record
drive is above 470 yards?” Students can give hiotsexample, the address of the
website where they have found the information.

RESEARCH: You may search for probability informatio the web sites related to the
following sports or choose a different sport.

Golf links Soccellinks Baseballinks Basketballinks



Useful Information for Com

pleting Your Project:

What's the difference between probability and statistics?

Probability: 1. being probable 2: something that is probable 3: a ratio
expressing the chances that a certain event will occur 4: a branch of
mathematics studying chances of random events. (the measure of chance)

Statistics: 1: facts or data assembled and classified so as to present significant
information 2: collection, calculation, description, manipulation, and interpretation
of the mathematical attributes of large sets or populations 3: a branch of
mathematics dealing with collection, analysis and interpretation of data.

Caution!!! Use probability and statistics correctly!

“Our team won about 3/4 o
the games in every season
so far. | tell you, the
probability of us winning
the next game is 3 out of
41"

fEach game is different fron
other games. Maybe the
opposing team will be muc
stronger than usual next
time. Maybe the weather
will be different. Maybe a
key player will be sick. And
so on. Also, the team may
always win against a
particular team (the one th
is going to play tomorrow),
which will affect the
chances.

n“Our team won about 3/4 o
the games in every seasor
hso far. If nothing major
changes, | believe we are
going to win about 3/4 of
the games in this season,
too.”

© Copyright The Shodor Education Foundation, Inc.
For more information, please visit http://www.shodog/o
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Use the rubric on the next two pages when cregtug project and to determine
whether your project is ready to be handed in as finished product.
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