Show Me the Money! – Random Sampling
Introduction
1. Name your favorite movie of all time.
2. On average, how much money do you think a movie grosses (earns) in theaters?
3. Take a guess at the title of the top grossing movie of 2011.
4. What do you think was the maximum amount grossed by a movie in 2011?

Sampling Methods
5. Take a look at the list of the 200 top grossing movies of 2011 on the last 2 pages of this handout and select 10 that you saw (or wanted to see) in theaters. For purposes of this activity, we will consider these 200 movies as a small population. In practice, populations are often much larger than 200 individuals, sometimes reaching the hundreds of millions or more. Write the titles of those movies in the table below, along with the amount they grossed in 2011. Notice that the listing of movies gives the gross income rounded to the nearest million, so that a movie listed as earning $191.5 really grossed $191,500,000. The order in which you write the movies in the table below does not matter.
	Movie Title
	Gross Income (Millions)

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	






6. Compute and record the mean gross income for the 10 movies you selected. This number is called the sample mean.


7. Is your sample mean the same as all the other sample means computed by the other students in your class? 



It probably not surprising to you that your sample mean differs from those of other students because you have most likely chosen different samples. The fact that different samples yield different statistics (in this case different sample means) is called sampling variability.
8. Combine your results with those of your classmates by creating a dotplot of sample means on the board. Then, record this dotplot on the number line below, carefully labeling the axis.

[image: ]

9. Based on the previous dotplot, without any calculations, what do you suppose the mean gross income for the population of all 200 movies might be?


The method you used to take samples from the population is based on your experience and interest in movies. It turns out that this is not a particularly good way to sample if you wish to generate samples that are representative (good images) of the population. Instead of using human experience, judgment, or interest to choose samples, statisticians use chance to select samples from large populations. Samples selected by a chance process are called random samples.


10. Your instructor will give you instructions on how to use random chance to select 10 movies from the population of 200 movies on the last 2 pages of this handout. You will draw chips from a container, use a table of random digits, or use technology to generate 10 random numbers from 1-200. Find the ID number s in the table below that match your randomly chosen numbers. Record the ID number, title of the movie, and gross income in the following table.
	ID Number
	Movie Title
	Gross Income (Millions)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



11. Compute and record the mean gross income for the 10 movies you selected. This number is called the sample mean, but this time the sample mean has been generated by a random sample. Is your sample mean the same as all the other sample means computed by the other students in your class? 

12. Combine your results with those of your classmates by creating a dotplot of sample means on the board. Then, record this dotplot on the number line below, carefully labeling the axis.
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13. Based on the previous dotplot, without any calculations, what do you suppose the mean gross income for the population of all 200 movies might be? 



14. Is your guess from #13 somewhat different from your guess in #9? 


15. The population’s mean gross income for the population of all 200 movies is $50.2 million. Go back to your dotplots in #8 and #12 and draw a vertical line on your number line at 50.2. Did the sample means from you and your classmates do a pretty good job of estimating the population mean when you chose your sample by thinking of movies you saw or wished to see? How about when you obtained your samples through chance? What have you learned about the use of random samples from populations?


16. With enough time, you and your classmates could continue drawing random samples of 10 movies, computing the sample mean for each sample, and building the dotplot in #12 above. In order to save time, your instructor will show you a simulation of this process using Fathom software. When the simulation is finished, create a rough sketch of the resulting dotplot below. Label the horizontal axis and draw two vertical lines: one at the center of all the dots and one at the population mean. 
It should be clear that rather than producing haphazard results, random sampling actually follows regular patterns that can be predicted with advanced mathematics and statistics. These patterns can then be used to make inferences (conclusions) about the population from random samples.
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17. The method you used to obtain your samples in #10 and #16 gives every set of 10 movies the same chance to be selected. A sample selected in this way is called a simple random sample. It is possible to use chance in a different way to choose a sample. As one example of a different method that still employs chance, begin by dividing the population into different groups (called strata) so that each movie falls into exactly one group. For our purposes, we’ll divide the movies into the following strata:

· ID numbers 001-050 (the 50 highest grossing movies)
· ID numbers 051-100 (the 50 second-highest grossing movies)
· ID numbers 101-150 (the 50 third-highest grossing movies)
· ID numbers 151-200 (the 50 lowest grossing movies)
Within each stratum, use technology or a random digits table to select a random sample of 2 movies from each stratum. Then, combine these to form a random sample of 8 movies. Fill in the following table.
	
	ID Number
	Movie Title
	Gross Income (Millions)

	Two Movies from 001-050 Stratum
	
	
	

	
	
	
	

	Two Movies from 051-100 Stratum
	
	
	

	
	
	
	

	Two Movies from 101-150 Stratum
	
	
	

	
	
	
	

	Two Movies from 151-200 Stratum
	
	
	

	
	
	
	



A sample obtained by the method above, dividing the population into non-overlapping groups or strata and then selecting a simple random sample of individuals from within each stratum, is called a stratified random sample. This is simply another way to let chance pick a sample from the population. Later, your instructor will explain some of the advantages and disadvantages of simple random sampling and stratified random sampling and s/he will also reveal other methods of random sampling.


Biased and Unbiased Estimators
18. Reexamine your simple random sample from #10 above. Record the maximum gross income from your sample. Is this number the same as the population’s maximum?

19. Is your sample maximum the same as all the other sample maximums computed by the other students in your class? 

20. Combine your results with those of your classmates by creating a dotplot of sample maximums on the board. Then, record this dotplot on the number line below, carefully labeling the axis.
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21. [bookmark: _GoBack]Does a pattern appear to be emerging? To answer this question, your instructor will show you a simulation of this process using Fathom software. When the simulation is finished, create a rough sketch of the resulting dotplot below. Carefully label and draw two vertical lines: one at the center of all the dots and one at the population maximum.

[image: ]The mean (center) of all the sample means is equal to the population mean, however the mean (center) of all the sample maximums is NOT equal to the population maximum when obtaining random samples. Statisticians call the sample mean an unbiased estimator of the population mean. The sample maximum is a biased estimator of the population maximum.


22. Compare the two vertical lines you drew on the dotplot of sample means in #16 to the two vertical lines you drew on the dotplot of sample maximums in #21.







	ID
	Movie Title
	Total Gross (Millions)

	001
	Harry Potter and the Deathly Hallows Part 2
	381.0

	002
	Transformers: Dark of the Moon
	352.4

	003
	The Twilight Saga: Breaking Dawn Part 1
	281.3

	004
	The Hangover Part II
	254.5

	005
	Pirates of the Caribbean: On Stranger Tides
	241.1

	006
	Fast Five
	209.8

	007
	Mission: Impossible - Ghost Protocol
	209.4

	008
	Cars 2
	191.5

	009
	Sherlock Holmes: A Game of Shadows
	186.8

	010
	Thor
	181.0

	011
	Rise of the Planet of the Apes
	176.8

	012
	Captain America: The First Avenger
	176.7

	013
	The Help
	169.7

	014
	Bridesmaids
	169.1

	015
	Kung Fu Panda 2
	165.2

	016
	Puss in Boots
	149.3

	017
	X-Men: First Class
	146.4

	018
	Rio
	143.6

	019
	The Smurfs
	142.6

	020
	Alvin and the Chipmunks: Chipwrecked
	133.1

	021
	Super 8
	127.0

	022
	Rango
	123.5

	023
	Horrible Bosses
	117.5

	024
	Green Lantern
	116.6

	025
	Hop
	108.1

	026
	Paranormal Activity 3
	104.0

	027
	Just Go With It
	103.0

	028
	The Girl with the Dragon Tattoo (2011)
	102.5

	029
	Bad Teacher
	100.3

	030
	Cowboys & Aliens
	100.2

	031
	Gnomeo and Juliet
	100.0

	032
	The Green Hornet
	98.8

	033
	The Lion King (in 3D)
	94.2

	034
	The Muppets
	88.6

	035
	Real Steel
	85.5

	036
	Crazy, Stupid, Love.
	84.4

	037
	Battle: Los Angeles
	83.6

	038
	Immortals
	83.5

	039
	The Descendants
	82.6

	040
	Zookeeper
	80.4

	041
	War Horse
	79.9

	042
	Limitless
	79.2

	043
	Tower Heist
	78.0

	044
	The Adventures of Tintin
	77.6

	045
	Contagion
	75.7

	046
	We Bought a Zoo
	75.6

	047
	Moneyball
	75.6

	048
	Jack and Jill
	74.2

	049
	Hugo
	73.9

	050
	Justin Bieber: Never Say Never
	73.0






	ID
	Movie Title
	Total Gross (Millions)

	051
	Dolphin Tale
	72.3

	052
	No Strings Attached
	70.7

	053
	Mr. Popper's Penguins
	68.2

	054
	Happy Feet Two
	64.0

	055
	Unknown
	63.7

	056
	The Adjustment Bureau
	62.5

	057
	Water for Elephants
	58.7

	058
	The Lincoln Lawyer
	58.0

	059
	Midnight in Paris
	56.8

	060
	Friends with Benefits
	55.8

	061
	I Am Number Four
	55.1

	062
	Source Code
	54.7

	063
	New Year's Eve
	54.5

	064
	Insidious
	54.0

	065
	Tyler Perry's Madea's Big Happy Family
	53.3

	066
	Diary of a Wimpy Kid: Rodrick Rules
	52.7

	067
	Footloose (2011)
	51.8

	068
	The Dilemma
	48.5

	069
	Arthur Christmas
	46.5

	070
	Hall Pass
	45.1

	071
	The Artist
	44.6

	072
	Soul Surfer
	43.9

	073
	Final Destination 5
	42.6

	074
	The Ides of March
	41.0

	075
	Hanna
	40.3

	076
	Something Borrowed
	39.0

	077
	Spy Kids: All the Time in the World
	38.5

	078
	Scream 4
	38.2

	079
	Big Mommas: Like Father, Like Son
	37.9

	080
	Red Riding Hood
	37.7

	081
	In Time
	37.5

	082
	Paul
	37.4

	083
	J. Edgar
	37.3

	084
	The Roommate
	37.3

	085
	Jumping the Broom
	37.3

	086
	The Change-Up
	37.1

	087
	30 Minutes or Less
	37.1

	088
	Colombiana
	36.7

	089
	Sucker Punch
	36.4

	090
	Larry Crowne
	35.6

	091
	A Very Harold & Kumar 3D Christmas
	35.1

	092
	Drive (2011)
	35.1

	093
	50/50
	35.0

	094
	Courageous
	34.5

	095
	The Rite
	33.0

	096
	Arthur (2011)
	33.0

	097
	Extremely Loud & Incredibly Close
	31.8

	098
	The Debt
	31.2

	099
	The Sitter
	30.4

	100
	The Iron Lady
	30.0





	ID
	Movie Title
	Total Gross (Millions)

	101
	Priest
	29.1

	102
	The Mechanic
	29.1

	103
	Abduction
	28.1

	104
	Beastly
	27.9

	105
	Winnie the Pooh
	26.7

	106
	Killer Elite
	25.1

	107
	Season of the Witch
	24.8

	108
	Our Idiot Brother
	24.8

	109
	Tinker, Tailor, Soldier, Spy
	24.1

	110
	Don't Be Afraid of the Dark
	24.0

	111
	Sanctum
	23.2

	112
	Monte Carlo
	23.2

	113
	Your Highness
	21.6

	114
	The Darkest Hour
	21.4

	115
	Mars Needs Moms
	21.4

	116
	Dream House
	21.3

	117
	Conan the Barbarian (2011)
	21.3

	118
	The Three Musketeers (2011)
	20.4

	119
	The Eagle
	19.5

	120
	Shark Night 3D
	18.9

	121
	Born to Be Wild (IMAX)
	18.9

	122
	Fright Night (2011)
	18.3

	123
	Apollo 18
	17.7

	124
	The Thing (2011)
	16.9

	125
	Young Adult
	16.3

	126
	African Cats
	15.4

	127
	Judy Moody and the NOT Bummer Summer
	15.0

	128
	My Week with Marilyn
	14.6

	129
	What's Your Number?
	14.0

	130
	One Day
	13.8

	131
	Warrior
	13.7

	132
	The Tree of Life
	13.3

	133
	The Rum Diary
	13.1

	134
	Glee The 3D Concert Movie
	11.9

	135
	The Conspirator
	11.5

	136
	Jane Eyre
	11.2

	137
	Drive Angry
	10.7

	138
	Straw Dogs (2011)
	10.3

	139
	Win Win
	10.2

	140
	Hoodwinked Too! Hood vs. Evil
	10.1

	141
	Prom
	10.1

	142
	I Don't Know How She Does It
	9.7

	143
	Johnny English Reborn
	8.3

	144
	Kevin Hart: Laugh at My Pain
	7.7

	145
	Sarah's Key
	7.7

	146
	The Big Year
	7.2

	147
	A Separation
	7.1

	148
	Take Me Home Tonight
	6.9

	149
	Cedar Rapids
	6.9

	150
	Beginners
	5.8





	ID
	Movie Title
	Total Gross (Millions)

	151
	A Dangerous Method
	5.7

	152
	The Guard
	5.4

	153
	Margin Call
	5.4

	154
	Cave of Forgotten Dreams
	5.3

	155
	Biutiful
	5.1

	156
	Atlas Shrugged: Part I
	4.6

	157
	Anonymous
	4.5

	158
	The Company Men
	4.4

	159
	Barney's Version (U.S. only)
	4.4

	160
	The Way
	4.4

	161
	Seven Days in Utopia
	4.4

	162
	Buck
	4.0

	163
	Of Gods and Men
	4.0

	164
	Shame
	3.9

	165
	Don 2
	3.7

	166
	Pina
	3.5

	167
	Like Crazy
	3.4

	168
	The King's Speech (PG-13)
	3.3

	169
	The Skin I Live In
	3.2

	170
	Zindagi Na Milegi Dobara
	3.1

	171
	From Prada to Nada
	3.0

	172
	Melancholia
	3.0

	173
	Martha Marcy May Marlene
	3.0

	174
	Everything Must Go
	2.7

	175
	The Way Back
	2.7

	176
	Carnage (2011)
	2.5

	177
	Bucky Larson: Born to Be a Star
	2.5

	178
	RA One
	2.5

	179
	The Grace Card
	2.4

	180
	Incendies (U.S. only)
	2.1

	181
	The Trip (2011)
	2.0

	182
	The Mighty Macs
	1.9

	183
	Bodyguard
	1.8

	184
	Flying Monsters
	1.8

	185
	A Better Life
	1.8

	186
	We Need to Talk About Kevin
	1.7

	187
	Take Shelter
	1.7

	188
	Potiche
	1.6

	189
	Senna
	1.6

	190
	I Am
	1.6

	191
	Delhi Belly
	1.5

	192
	The Double Hour
	1.5

	193
	Bill Cunningham New York
	1.5

	194
	The Art of Getting By
	1.4

	195
	Saving Private Perez
	1.4

	196
	Certified Copy
	1.4

	197
	The Devil's Double
	1.4

	198
	2011 Oscar Shorts
	1.4

	199
	Snow Flower and the Secret Fan
	1.3

	200
	No Eres Tu, Soy Yo
	1.3
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