®

agoinst all odds

inside statistics

StOTISTICY nelps with dara organization 1o identify if patterns

are truly parterns

Stattstice 1§ used an all aspecrs of Iife

— deSCriptive STATtISTics demonsrrates stdfrs 1n an intdrmaiive way
T oanferential stars Come€s to conclusidns pbas¢d on a4 sample
probability: mathemarical way fo ASSESs Chance 0f eyents

rareral reading: stat checking on OTher webSites 70 ensure
accuracy ontine
= 100K QT QUThoOrity and perspecrive

| SN

Knowltdqe [expertige bras / point of View,
leqving sites to foct Opinion pitce Ve, article
Check ) nor vertical

ook at process Of

gathering infl, sysrems
To Carch miSt akes,

professional background
whetn mlSlTUKfS ore made,
reliabie soUrces ifsuea
Statement of correction




K
f ) 5 .



in The beginning, stars ynvoived charts and rables

the chines€ used srars for Kkeeping srare records and
Wayrior avoyiability j 2000 BC

John Grount began the study of staristics in 1bbl

STATISTIC theory wasn'r commonly used prior t0 The 1930°S
because the accumuldrion and andlysis of stansticalgara
Involved time-cOnsuming apnd complicared calcurations.
changed with the invenTilon of Compurers

Inference’ maxing generalizarionsy on the PASIS 0f Samples
The origins on the srudy of prdbability are found tn
covrespondences berween Blaise Pascal and Pierre Fermal

In the 1600s In France

Girolomo Cordan; wrore rhe Book 0n Games of ChQnpce,
Which was a booK On The theory ¢f vandomness







Historlcal niotes

Although statistics is one of the oldest branches of mathematies, it was
not until the twentieth centyry that its use became wideéspread. Origi-
nally, it involved summarizing data by means of charts and tables, His-
torically, the use of statistics can be traced back tg the ancient kgyptians
and Chinese who used statistics for keeping state records. The Chinese
der the Chou Dynasty, 2000 B.C., maintained extensive lists of reve-
aue collection and government expenditures. They also maintained
records on the availability of warriors.

The study of statistics was really begun by an Englishman John
Craunt (1620~ 1674). In 1662 he published his book, Natural and Politi-
cal Observations Upon the Bills of Mortality. Graunt studied the causes
of death in different cities and noticed that the percentage of deaths from
different causes was about the same and did not change considerably
from year to year. Far example, deaths from suicide, accidents, and cer-
tain diseases not only occurred with surprising - regularity but with

approx&matel?' -Lhe same percentage from year to year. Furthermore, Chevalier de Méré, a French mathematician and proféssional gambler,
Graunt's statistical analysis led him to discover that there were more to solve the {ol[owi;lg problem: In what proportion should two players of
male the}n female births. But, since men were more subject to death from o0 ual skill divide the stakes re'mainihg on the gambling table if they are
occupational hazards; dis¢ases, and war, it turned out that at marriage- fc?rced to stop befare finishing the game? Although Pascal and Fermat

R agreed on the answer, they both gave different proofs. It is in these cor-

' respondences during the year 1654 that they established the modem
theory of probability, .

A century earlier the Ttalian mathematician and gambler Girolomo

3 : Cardan (1501-1576) wrote The Book On Games Of Chance. This is

ok 18 =S NG o - really a complete textbook for gamblers since it contains many tips on

i‘?ﬂiﬁlf.'.".".’ﬁ"ﬁ,”f"‘“’ i N how to cheat successfully. The origins of the study of probability are to

% Bilis of Morealic be found in this book. Cardan was also an astrologer. According to

Fos P s y legend, he predicted his own death astrologically and to guarantee its

Forih he 1y of Dtemder W64, and accuracy he committed suicide on that day. {Of course, that is the most

= d convincing way to be right!} He also had a temper and is said to have cut

off his son’s ears in a fit of rage.

(1623-1662) and Pierre Fermat (1602-1663). Pascal was asked by the
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FIGURE 1.2
iustration “Bills of Mortali-
ty" redrawn from Devils,
Drugs, and Doctors by How-
ard W. Haggard, M.D. Copy-
“right 1929 by Harper and
Row, Publishers, Inc.:
renewed 1957 by Howard W.
Haggard. Reprinted by per-
_mission of the publisher.

‘able age the number of men and women was about equal. Graunt be-
lieved that this was nature’s way of assuring monogamy,

Alter Graunt published his Bills of Mortality, many other mathemati-
cians became interested in statistics and made important contributions. -

Piemre-Simon Laplace (1749-1827), Abraham De Moivie (1667~ 1754),

and Carl Friedrich Gauss (1777-1855) studied and applied the normal

distribution (see page 270). Karl Pearson (1857-1936) and Sir Francis o
‘Galton {1822-1911} studied the eorrelation coefficient (see page 423),
These are but a few of the many mathematicians who made valuable
contributions to stalistical theory. In later chapters we will further
discuss their waorks.

Although a great deal of modern statistical theory was known before
1830, it was not commonly used, simply because the accumulation and
analysis of statistical data involved Hme consuming, complicated compu-
tations. However, things changed with the invention of the computer
and its ability to perform long and difficult caleulations in a relatively
short period of time. Statistics soon began to be used for inference, that
is, in making generalizations on the hasis of samples, Also, probability
theory was soon applied to the statistical analysis of data. The use of sta-
tistics for inference resulted in the discovery of new techniques for
treating data. ’

Interestingly enough, the principles of the theory of probability were
developed in a series of comespondences between Blaise Pascal




CHAPTER 3

Findiﬁg Your Way through
a Space of Possibilities

N THE YEARS leading up to 1576, an oddly attired old man
Icould be found roving with a strange, irregular gait up and down
the streets of Rome, shouting oceasionally to no one in particular
and being listened to by no one at all. He had once been celebrated
throughout Europe, 2 famous astrologes, physician to nobles of the
court, chair of medicine at the Univessity of Pavia. He had created
enduring inventions, including a forerunner of the combination lock
- and the universal joint, which is used in automobiles today. He had
published 131 books on a wide range of topics in philosophy, medi-
cine, mathematics, and science. In 1576, however, he was 2 man
with a past but no future, living in obscurity and abject poverty. In
the late summer of that year he sat at his desk and wrote his final
words, an ode to his favorite son, his oldest, who had been executed
sixteen years earlier, at age twenty-six. The old man died on Septem-
ber 20, a few days shy of his seventy-ifth bithday. He had outlived
two-of his three children; at his death his surviving son was employed
by the Inquisition as a professional torturer. That plum job was a
reward for having given evidence against his father,
Before his death, Gerolamo Cardano burned 170 unpublished
manuseripts.) Those sifting through his possessions found 111 that
survived. One, written decades earlier and, from the looks of it, often A
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revised, was a treatise of thirty-two shozt chapters. Titled The Book on
Games of Chance, it was the first book ever written on the theory of
randomness. People had been gambling and coping with other
uncertainties for thousands of years. Can I make it across the desert
before T die of thirsi? Is it dangerous to remain under the cliff while
the earth is shaking like this? Does that grin from the cave girl who
likes to paint buffaloes on the sides of rocks mean she likes me? Yet
unti} Cardano came along, no one had. accomplished a reasoned
analysis of the course that games or other uncertain processes take.
- Cardano’s insight into how chance works came embodied in a princi-
ple we shall call the law of the sample space. The law of the sample
space represented a new idea and a new methodology and has
formed the basis of the mathematica? description of uncertainty in all
the centuries that followed. It is a simple methodology, a laws-of-
chance analog of the idea of balancing a checkbook. Yet with this
simple method we gain the ability to approach many problems sys-
ternatically that would otherwise prove almost hopelessly confusing.
To llustrate both the use and the power of the law, we shall consider
a problem that although easily stated and requiring no advanced
mathematics to solve, has probably stumped more people than any

Ather in the hictnry af Tandnmmness




lonvels of veotyuvernneanit

hominal dota
-~ names, \abeis, listings Wg
~ order NOT impartant, no rankings 2
= @X. COlOrS, listof namel, srudenTs -4
* gordinal dato E
= ¢an be arranged in order, no difference perween vatues
- eX.rankings (10w, med, high) T numerical ditferente |
" interval dartd - =
- can be arranged in grder and ditfertnces betuween yatues
are meaningful 2
~ nonatural z€ro or starring point g
- olympict years, temp., e ol
ratio dara g
~ highest level 0f quaniitative dara 5
= has ordtr, meaning ful ditferences, COan be divided, has e
a Starting 0 |
= ex. distance from some Where, Time it takes to do
sometThing - !







o osranistical data nelps Mmake (nformed deCisrons when Fuced
Wwith unCertainty withour staristical bids _
T ocollection, or gdnizarion, andlysis, and {nterprerarion.of
Numevical information

L |
|
interprtt ‘
popuhamn
L . take O samptle
cul\tu
data
L
colecy. ! . exXperiments are The ONLY dnes
samlpie S That show Causanon
Experiment gyganize ,
census census s the leasr ese(cient '

Simulation

anatyz€ | iogeypref

S ta1s book pq L4125 for €Xamples: _
* onecdotes: inVESTigaTOr recounts nstances oniy Known to him/ hev
° SUrveys: asg questions :
* obServariongl studits: nvestigarar passively observes and
recovrds information 1 IF i
T~ SUbject Chooses what t0 do DL |
*oexperiments: delibevately tmposes condirions on expcnmenml
unifs € subjects), Observing and recordunq

0fganiz2ing data: ﬂequen(q Tab\tg, (,hurrs, qraphs

* analyzing: centér, Shape, spread, outliers, trends C as A incveases,
whart does y do?) :
= central tendency, drspersion, conftidence (nteyvvals



*oanteypretarton: assumprions pased gn sampic

- p-value and alpha ieyel

= ton fidence \eyels f

= ztsdore, T-gcare, chitsquared scores

Towyitten summavies and conclusions

poputatrtion (N=populdtion size) ; ‘

T oAt measurements 6f interest, the entire group Of what:s
being meagsured

= datd fvom all 1 Lt
2 canNOT Just be " all 0pHS Studenrs,” .must be “datro

from atl 0PHS Students”

sample (= sAmple Size)

~ pOrT 0f the poputarion .

- data from... The quanTitative varidole ot...
randomiy and representatively sampled

" yandom Samples out of complere Lists of €veryone= fair dnd
equal chance Of being selecred
- canngT pe chaseh gut of specific groups wheve vveryosne
1S TO0 similar
— StarT with a Complere LLST
" anferential statistice (diagram on front)
- you can Only make inferénces Apbo0UT the poepularion
you sampled from | : i P
- ipcrease confidence by increasing Sampie size
“ 40 iT ro0 much and 1TbecomeEs a CeEnsuUs
" limits 0f infévenfial Stats in arficie
- 10CaTion
~ ethhicity
= geénder |
- agt Croo young bc parkinsOns hits Later)
= observanaonal study
“ noT causarion bc not experiment
L \igesTyie ot popuUIATION Sgmple are different
* obtuseollie: avg % Of woOmen n CA wWho Gre unjyer ity
grads who gev marvied for vhe first time
T OLIST f¢6mM tne marriage 1ilense bureau
— . n=100 | X= 21.8 - - collect and analyze
— M %28 X1S



¢« blas: nonresponse, under Coyevage, response, convenieénce
sample [ selecrion pias, volunvary response bige, ConEirmatron
ond availability bigs, evo

Conv. sampling digproportionately represents Popuration

T brasand tnaccurare conclusions

Volunrtary response bias

T usually passtonately neganve or posirively reSponders
flgnt the blas!

T osSravt with a LiST

Sample

L gimpie random,STratified, Clusrer, sysremaric

[







Sgmple = (ofrene

Ond pUrknson's ¢f{ gGosu

in Howo

Caffeine May Prevent Parkinson's |

By LINDSEY TANNER, AP Medical-
L er L ST

CHICAGO--A new study published
today suggests that coffee may prevent
Parkinson's disease, the degenerative
brain disorder that affects more than
million Americans. - B
_ How a product that makes people
jittery could keep them from getting a
. disease that gives them tremors is not
~ examined in the study of 8,004
Japanese-American men in Hawaii.

But the researchers said the benefits

- are probably due to caffeine -apparently

the more, the better -and they suggest
some theories about how it might work.
Ouiside experts said that if the
- findings hold up, they could lead to ways
© to treat Parkinson's more effectively or

even prevent the disease, -

_The study found that men who didn't
drink coffee were five times more likely
to develop Parkinson's than those who
drank the most -4 1/2 to 5 1/2 6 -ounce

- cups a day. Non-coffee drinkers were
two to three times more likely to get the
7% ase than men who drank 4 ounces fo
eups a day. o

The researchers said it is uncertain
whether their results would hold true in

- women and other ethnic groups.

The study was published in today's
Joumal of the American Medical
Association. It was led by Dr. G.
Webster Ross, a neurologist at the
Veterans Administration Medical Center
in Honolulu. o

Ross said it is possible that heavy
coffee drinkers have a brain composition
that may make them resistant to
_ Parkmson's. Previous studies have found
low rates of Parkinson's in
“thrill-seeking" people who tend to
engage in high-risk behavior like

“profile, he said. - - _
~ ... But he glso suggested that caffeine
“'may somehow protect against the.

engage in high-risk behavior like

.smoking and heavy drinking, and heavy
- coffee drinking also_ﬁfcs that personality |

nerve-cell destruction that causes
Parkinson's.

Still, Ross said it is too early to
recommend coffee as a treatment.

"Hopefully, this will lead to more
basic research on caffeine and its effect
on areas of the brain affected by
Parkinson's disease,” Ross said.

Ross said his study was larger than
similar previous research and took into
account othet factors that could explain
the findings, such as cigarette smoking,
which has also been linked to a
decreased Parkinson's risk. |

Paul Carvey, ditector of the
neuropharmacology research laboratories
at Rush-Presbyterian-St. Luke's Medical
Center in Chicago, said the study is
important because it traced the benefits
to caffeine, showing similar results with
caffeine-laden foods other than coffee.

Dr. Abraham Lieberman, medical
director for the National Parkinson
Foundation, called the results "very
interesting and very provocative." He
said that if caffeine does have benefits, it
is unclear whether it can actually prevent
Parkinson's or slow its progression.

Parkinson's is usually associated with
aging, though it has made headlines
recently with actor Michael J. Fox's

. disclosure that he was diagnosed seven

years ago at age 30. Attorney General

- Janet Reno and Mubhammad Ali are .

among others with Parkinson's.

The disease involves gradual
deterioration of nerve cell clusters that
make the chemical dopamine, which
helps control musclé movements. Ross
and colleagues speculated that caffeine
might increase dopamine levels.

Symptoms of Parkinson's include

. hand and head tremors, loss of balance,

and stiffness. Dementia and depression
also can result. -

Medication helps victims function,
but over time the disease usually renders
patients unable to care for themselves.
Iis cause is unknown. : _

The researchers examined data from
the ongoing Honolulu Heart Program.

Cow,

Taponeie By (an men

Participa.ﬁts -age 53 on average when the
study began -were asked about coffee

‘consumption at the outset in 1965 and

again in 1971. The researchers then

" measured Parkinson's disease rates from
1991 to 1996. The disease developed in
102 men.

-

On the Net: National Parkinson's
Foundation; http://www parkinson.org
Parkinson's Disease Foundation:

htm://ww,pdf.o;g'

% Search the archives of the Los Angeles
Times for similar stories. -
You will not be charged to look for
stories, only to retrieve one.
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3. move tn any directioh by 3.digits unti 1 are selecred
= skip ¥'S 1£noT applicoble Cex.160)

4. inSpeCt thife cars
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OUT wheén the census 1§ sent
“ minOrities undercounted, colege studtnrs eisewhere,
homeiess popuiarion underrepresented
2. cenguses give pedple @ vorce, so an underCount would
Underrepresent The qroup: they tese monty for social
sefvicets becguse They don't get coynted and given o vojce
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 KEY TERMS

In an observational study researchers observe subjects and measure variables of interest.
However, the researchers do not try to influence the responses. The purpose is to describe
groups of subjects under different situations. In an experimental study, researchers '
deliberately apply some treatment to the subjects in order to observe their responses. The
purpose is to st'udy whether the treatment causes a change in the response.

In a double-blind experiment neither the subjects nor the individuals measuring the reéponse
know which subjects are assigned to which treatment. In a single-blind experiment the
subjects do not know which treatment they are receiving but the individuais measuring the
response do know which subjects were assigned to which treatments. '

A placebo is something that is identical in appearance to the treatment received by the
treatment group but has no effect.

A control group is an experimental group that does not receive the treatment under study.
The control group could receive a placebo to hide the fact that no treatment is being given.
In an active control group, the subjects receive what might be considered the existing
standard treatment. ' :

The explanatory variables in either an observational study or experiment are called factors. A
treatment is any specific condition applied to the subjects in an experiment. If an experiment
has more than one factor, then a treatment is a combination of specific values for each factor.

Two factors {explanatory variables) are confounded when their effects on a response variable
“are intertwined and cannot be distinguished from each other.

Unit 15: Designing Experiments | Student Guide | Page 9



fond o GSFIGaming, TYeg i men Lo m it Gioups

THE VIDEU Ctorgqe w U Suyt s, ({p! SLalion

Take out a piece of paper and be ready to write down answers to these questions as you
watch the video. '

L~ manipuigg 51,& by#g
1. Why is the study of the effect of humans on the coral reefs nof an expenment’?

s G 6Lgey Va1 i0nar g @Mﬁ U opbddygre ne 1 ovmeny sl
PMpOied 6B ey Sves ARY (PITdynPie gL GBI yrd L S
WP PEaY dnce gf The 1Ee

2. Who were the subjects in the Glucosamine/Chondroitin study? What did researchers want
to find out? '

SUPY P LTS » paqdveniry oy i ENEC D0THRN

""“q
fais)

reporitd reddgiion n kpee plin = g Ay 010y

3. Why were subjects randomly assigned to the treatments?
Thiy CONnout go nto The XPEOMENT £ 06w g wn g
Theg yecerued, and ot mode PO The Qygups wer e aniy
Ds §Yiny tay Q¢ (pant? feutd MOt Yhem '

4. Dr. Confound conducted a very badly designed experiment on mood- altenng medication.
Llst some of the problems with his experiment.

assLSL0d g TASHOT B AP a1 Rt oy n

PO Le g Witk T hiwm

subye oy qets PO Svt. ey Supiec] & Toy ap h. our
lack of blingness

vedding questinng

SAM pie e S
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“ how these caused 1imir0Tions on dara

Fefiecrion On working wiTh other people, process



. e

l. describe the situarion

eX. COiN flipping = 10 successive flips , geTling 3 heads or tails in a row
. State assumprions

equal \ikelihood, \ndependent of each other Pp(HI=.5, PLT)=.5
3. assign digits (random # Tdpie, caicUiaTor, compurer) ta

represent the simuiarion

cvtns=heads, odds= 4qails
4. simulare ‘wagoy times

10 digits= L rep X 15 = gnpe repis NOT a simuldrion? |
5. stare yourconclusions |

2

Q){qmplc-..
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H. stnutate 100king for migges
tusing ling 125)
5. "Wisg, 201. Of vhe vime misised
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edpuzzie

" A couple plans gn having 3 gids. design d Simylarien
INVOLVing 20 1S that yeu cap model 1he fridls OF
The children
use symuldrion 0 find probability of hadving 3 boys
2140="110= .1=10"].
tind the probability of having ONLY 2 Qirts
Gige= 3(10=.3=3¢"1.
they € 1s a 606°1. chance ¢ ram on Manday and 2¢ - chance
of Yoin 0N Tuesddy
— i-6=monday . -1 = tuesday

any number Thdr sTarts wirh -6 in the tens= monday,
ope's Spot i-2=1tuesday



good things

basic wording

evenoprions for ravringscale
questiong; neyer give a middle
numbev ogption

reminder for people 0 1ogdara if
tThey k€ep rhe survey for 2+ days

ratio.levet dara s best

choose current things 1o prevent
recoll bpias

have ciedr, concise quesrions

help them feel anonymots and
confidentidl ( bag, noname
oy tmail tisted, ren Them)

help Themn give truthful answers
( no peev influence, be
NEUTYadl with reacrions)

motripare Them 10 respond
Crandomliy selected, represents
a portion of The popuradtrion,
Iintenrivige)

enminare blas

bad rhings

asSking in frontoe 0 droup

authority fiqure asking

verbal suvrvey->should bt
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body tangqudqe, facial
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adgreement

Simple "yes" and "no” dan't
show enthusiasm levels
"did you enjoy” "do you Think"
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tvenly spaced







AP STATISTICS: AcainsT ALL ODDS Name _Cimao Chau

SAMPLES AND SURVEYS
1. Whatis an estimate based on a sample? .
2. Whatis a true value that describes an entire population?
3. What s the process of dividing a population into similar units?
4.  What example of stratification is used in the video?
How many strata are used?
5. In 1936, the Literary Digest predicted Alf Landon would win the presidential election. How many readers did
the magazine poll? How many people did Gallup poll?
Who did Gallup predict as the winner? ROGSEY LY
What was the problem with the magazine's poll? ¢ frawm g 1. (1 thay favaied tadh IRge
6. List three mistakes that can oceur in polling. EYITRR: Fait ndpd
a  _wording 660 nuilien — (eading  16dding
b. deking tn 6 Group .@‘Z“HH‘"‘;{?
c. using Ghbicuit ygcdhilavy
Qppe@TUNCe matt ey
7. How many personal interviews are conducted each year as the core of the GSS? _ 1 49
8. What is the histogram of the sampling process called?
9. What pattern does this distribution follow?
10.  What is the peak of the distribution?
11, What happens to the distribution when the sample size is increased?
12.

Video 14 Worksheet

What determines precision?
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~ Fime ploTg Trock Time over ¢ period }
PICTOQrop s (symbols) |
= full symbol=dmount in key, par tial> 1€s¢ rhon
= have ¢qual size/Spdcing
* Omalysis: high, 10w, Tréend, why \
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T centers: mean, median, mode
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~ shape:1060K f0r The Tarl

Ls
Skewed right /\ skewed gt

T Outliers: deyrant fyom centCr; 100K fOr gap

= 1f you have pilors side by side, analyze both
histograms: pars touch

— quan ritqtive davta grouped into cragses

~ good fOr farge amounts Of dara

T probiem: gufrlievs getr hidden In The careqories
— choosing how madny bars( classes

= 5-10 usualy; 1 is G good number
max — min
% 0fClasses

-~ width of bars =

“ altways round up
Tosvart with smatlestr datd value, step up By widTh
— use class limitrs, not poundaries
— €X. sttp by 3, LOWEST ® s M

Ly =
el ”).)”

| el L
*3(;10 ~11)+3
23 T 15
1l Qwer Upper
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— freéquency TAble: classes, Tallies, frequency (v of raliiesy,
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~ mode s a good cenTey

T ooutiiers: anything with vreiarive freq. under §°.

apailysis: center, shape, spread, outlier







KEY TERMS

A frequency distribution provides a means of organizing and summarizing data by
classifying data values into class intervals and recording the number of data that fall into each
class interval. -

A histogram is a graphical representation of a frequency distribution. Bars ars drawn over
each class interval on a number line. The areas of the bars are proportional to the frequencies
with which dafa fall into the class intervals. '

The shape of a unimodal distribution of a quantitative variable may be symmetric (tight side
close to a mirror image of left side) or skewed to the right or left. A distribution is skewed to
the right if the right tail of the distribution is longer than the left and is skewed to the left if
the left tail of the distribution is longer than the right. o

Ehnwnd Loft Skuwad fight

Figure 3.10. Shapes of histograms.
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'THE VIDED

Take out a piece of paper and be ready to write down answers to these questions as you
- watch the video,

1. The video opens by describing 2 study of lightning strikes in Colorado. What variable does
the first histogram display?

Plrsy tignining stih o yim i

2. In this lightning histogram, what does the horizontal scale represent? What does the
veriical scale represent?

hoyizanval: time 6 F day

VEirvrcats f 0F d@¥sapal the fiodt {105k pocdreed duran
3. Was the overall shape of this histogram symmetric, skewed, or neither? tyn a1l 1 m ¥

sqmmfnit

4, Why were a few values in the second lightning histogram called outliers?

ihey STand Ul (v G iRt euf FOU pgritin of TR histe gy am

5. When you choose the classes for a histogram, what property must the classes have if the
histogram is to be correct?

theve wmuch be juvy tnough 1o Show daia bus

Not 100 MUY thdy Informaiion 5 un(icdr
6. What happens to a histegram if you use too many classes? What happens if you use too few?

tao many RSV I {0 M A peraust MO Oy sodusn
6n data .
A0 (tws 100 g RV Al zed, not much InTor MANon g pirs (e
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1. note max and min

S 4, draw a verticglr line 10 split dora values into stem | t1eat
3, "1e 7 ddta f10W" from STEM t0 1€aqf
M. rake up The 1€dves (ovder from SMAll Yo large, smal nedr st€m)
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2. findi
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KEY TERMS

A five-number summary of a set of data consists of the following:
minimum, first quartile (Q,), median, third quartile (Q5), maximum.

The first quartile, Q,, is the one-quarter point in an ordered set of data. To compute Q,,
caiculate the median of the lower half of the ordered data. The third quartile, Q, is the three-
quarter point in an ordered set of data. To compute Q,, caiculate the median of the upper half
of the ordered data. '

A basic boxplot (or box-énd-whisker piot) is a graphical representation of the five-number
summary. A medified boxplot indicates outliers and adjusts the whiskers.

The interquartile range or QR measures the spread of the middle half of the data:
IaR = Q,-Q,
The range measures the spread of the data from its extremes:

range = maximum — minimum

Unit 5: Boxplots | Student Guide | Page 13




THE VIDEQ: BOXPLOTS

Take out a piece of paper and be ready to write down answers to these questions as you
watch the video. '

1. What variable is used to compare different brands of hot dogs?

COton e cantim

2. What name do we give to the value for which one-quarter of the data values falls at or
below it?

G = v gquariyie

3. What numbers make up a five-number summary?

mani U, G 4,

i
Wi

B WgR mu

4. How do you calculate the interquartile range?
& SN

5. Boxplots show that poultry hot dogs as a group differ from ail-beef hot dogs. Compare the
distribution of calories between the two types of hot dogs.

TS GE The pawitby dogs have TTI (RIGUEY Andn 1% 0F
The VETE 469y

By 0 ast hdate af the heed dogy ROVC @ Coggrf (ouni
Mighed TROED O 6f 1haey ot 1he pousiiy iﬁ@@s

Unit 5: Boxplots | Student Guide | Page 14



| Acouityple s

IR 0F peS T fin= 1 tasr cquares regression tine
ToverticCay distranee from line = feSidua

b residual - GESUR

A ‘
- lyl= atiow

T BRSSO

a= §-bXi nE X -(§x)"
extTrapolarion: below and gbove the min/ max x-value, you
can estimate using the line of best £if
T ousudlily Snctr accuyrdte past a few values
when making the equarion, make a4 T-chart with 2 peini1s

x| Y X {4
X1y or X ¥ mark with something that's nor g .dof&
0] a %[ FW).
eX. 4.2410  G=atbx, O=if-bR |
- y - (13) (154 -
o %0 0 0 MLes)- [ 13)? a1 |
1 45 Y 90 0= 4-bX = 38,5 (-393)03.15) 7 5):2]
5 33 15 165
b 2k Av 1956

X=325 y= 3%.5 PRSERY SRy 4L
LBx)* = b

2x=13 Dy =154
- R I T N & L T nHxYy -(3K) (Su)
= how cl0§e the doTs "hug" the line! IS (02 - Jnsu -(su)?!

VEorsl atl dots ar€ 0n the SICAighTline j pey FECT pOSTTIVE cory.
r=-1, perfect negative corvelaiion
X0, hOo linedtr Corvetarion

—

rankings: .05 S r <95 "low Correrarvion” [rwedr”
L35 < .65 T mtdiym”
18P e85 T hight [ USTYONng”
Y Tvery strong”t | "ncadr perfect”

FEe e nRTeE 4 e Fhation : k2
- i rr=.9433%9, that meansg:
93.84°1- o £ the vayiarion v thety F0of muggings) 1s cxprained
by The 1€ast squares regression line gnd the variation (n the
% L% 0f uniformed police gefieeye)
6b.103Q°. uneXplained

{ Al <Al




o uMilier has a targe residual )

Influential observaTion 1S a point CLOSE 10 vhe Hine TNOY

has 0 gap beTween it and the other ddta poinTs
oanalysise

AssoCiation Ot (=)

trend ( as x incredases, what does y do?)
N[ ouT ‘ ‘

COorrelarion¢ r-vaitue and word)

FESRaNTp e v 11 shows @ pdtiern, The origwnal
scatterplot VS not tintay

“ N0 part€rn, x and y arelinear

T
/ LSRL

0 b

X (onnect dots, Label axes &



Emma Chay p.O

KEY TERMS

Given a data set, one measure of center is the mean,
data is to look at the deviations from the mean, x -

X . One way to judge the spread of the
X.

The variance is a measure of variability that is based on the square of the deviations from the
mean. The formula for computing variance is:

_2
. > (x-X)
n-1 _
Because the units for variance are the square of the units for the original data, we generally
take the square root of the variance, which gives us the standard deviation:

~ Unit 6: Standard Deviation | Student Guide | Page 8



THE VIDEO

Take out a piece of paper and be ready to write down answers to these questions as you 7
watch the video.

1. In comparing monthly precipitation for Portland, Oregon, and Montreal, Canada, why was
comparing the mean monthly precipitation rates insufficient?
ey WeEe Ane 3ame but WEAIWNEY parytiny were dify Crent
60t Wi wore Copfyorent YoVEUGROWT Tt year e
The 0thtr MBd Mot (g ienty 808 VR ony ¢ ¢ o

H A

2. Why don't we measure spread about the mean by simply averaging x-x, the deviations of
individual data values from their mean?

TOME puipers At posiitve dnd ST arene ganive, o Py
adding Tt an vy vo find v h O avGAGE, gouni get d
fum ¢F 4§

3. What did the standard deviation of four-week sales data tell you about the two Wahoo's
Taco locations, Manhattan Beach and South Coast Plaza?

PMAN I GTian BYeh hed meit dewviditen AU 10 g
dﬂ>"{;‘w§‘i‘%‘u';{‘. Gh The WIGITHT whe e T8 ULR {o0asy
PLZa vad smanty devlaiion 6dy 16 6 SU0adiis cfow of
CUs Fowmtrs at g man

4. Can the standard deviation of a set of observations be s =-1.57 Explain.
we— Srandard devigiion showt distdnie {56 othe qaddan. SO
The disvdn e G pe QO30 16 IR man Than 0

Unit 6: Standard Deviation | Student Guide | Page 9



o= Teu by vayiapie

WSS pemt bk @ gop Lo BYREE QUitt assocmisn, Conneciion, (oryitation (
BUYT 10680 10 Tipd : ) Eognd b d
AP STAT ISTICS AGAINST ALL ODDS Name S Chty 6.4

_ _ Video 8 Worksheet

GUY 5o ROt with O )

o dovat vipiieal gap Frthd g X
DESCRIBING RELATIONSHIPS

Pospiiue ousac,

e

dyietd

neggtiy €0 Hadpeit

1. What is a plot of quantitative variables? Seari v ;? iaf

2. What is the x~variable called in studies? ¢« p% apat of {g Vai. the y-variable? ¢ RN AR

3. Whatis a variable that records into which of several categories a case falls? _c e qogt (G i

4. How do categorical variables enrich a scatterpiot? _add dvmfrnition e of wfaienaitan

5. Whatltype of smoothing is fpund by slicing the scatt@rplot vertically, calculating the median within each slice,

and i:’onnecting these medians by a straight line? medgtdn 34acc

6. \What éxampte in the video illusirates the use of a median frace?

3

7. What isithe best fiiting line that fits data by"minimizing the sum of the squares of the residuals? .

8. What example is used to illustrate the use of the least squares regression line? .

8. Inthe equation y = a + bx, what is the formula for b?

What is b in the equation? What is the formula for a?

What does y represent? ' ' x?

What is a in the equation?

10. . Even though you can fit a regression line to any set of data, when is the line valid?

11.  What are points with unusually large residuals?

12. What are points that deviate strongly in the x-direction?







AP STATISTICS: AGAINST ALL ObDS Name ' - .
’ Video 9 Worksheet '

CORRELATION

1. What is the measure of the strength and direction of the linear relationship between quantitative variables?

(tedinCierny b nv st it on v

2. What values does rvary between? S

3. What indicates a perfect positive correlation? a perfect negative correlation? ___ i E

4. What study in the vided illustrates the use of correlation? _pow Semyidy Gie CEGILS ofF TWINS

Which characteristics showed a strong correlation? __he) (jm Of tin AU Twiin B

Which characteristics showed a moderately strong correlation? %(H"’YS g iy %% gf Tusiit b yo. Tuwiinm g

5. In the formula for r, what do & ;xD and ¥ ;yv do?

Why does the formula divide by n - 1?

When is r positive? |

When is r negative?

8. What kind of relationships does r measure?

7. What describes the amount of variation in y déscribed by the linear relationship with x?.

8. What example in the video uses the squared correlation coefficient?
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propdbility: a measurement ¢ the chance, gr likelihood, ot an
gvent happening

= PCAY Tpoof A]
£ (W of desired)

- probabilrty-
(% 0f t0101 regylis)
)
bl PR f ety fain” P(x)=0 "tmoposSihle”
*ocomplemenT g f an event: PLnof AY = PCAY)
S PIAYE PCAYY =L PLAY = 1 - PR
e R i B e e
i e B R, %
sam ple populaiion
Sl Lo e

e L probabitity __,_/

odds: fOuoraple Y6 Unfavoy abie
- odds of volling 6 oh adie= 1*5
L oprobabititg="'lo

~ FEF , W= Fl+F"
taw of targe numbers: aftrer mang many tridis, probdbilities
level Guft

sample Spact: sev of aly poSsi bie oUTLOmMeS
Tonot F oof ouvcomes

" compound probabiliTy: 2% eventd gCeurfing rageiher
~ PLANBY= P(AYXDPLB)
S—= 1 and™
b far independent events
~ p(ANBY = PLA) & PLBYA)
S Ugiven That A oCcurred”
= for dependens PLBY =P(BIAY 1f independenT
PICANU BYI= PLAYY BLRY
M tag®
- f0r disjolntiCmutuaity ex clusive)
* PCAUBY = PCAYT LB~ PCA and B)
— for NON-dis)oint ( no1 MutTUally eXclusive
*mUutu ally exclusive = " no gaps, N0 OVErlaps”
— probabiNTy sums fo |
=~ "Bx" =" rheve exists”




combinations: aCp , ordey doesn't Marréyr
n'
rlin-ri

nCr =

B ex. chodSing 0 group of srudents
"opermurations: o B, order matrers (much tdrger)
0}
(n-nt

nPr"

b ex. errst student gets x, second qets y, third qets z



THE DRUNKARD S WALK }

youcanmelongerget-divoreedAndvso-the chance-of thatmuch-bad |
Juckdsactually o litde lessthanl-imd5:000: : o
‘2;? Why multiply rather than add? Suppose you make a pack of trad- - '
" ing cards out of the pictures of those 100 guys you've met so far |
through your Internet dating service, those men who in their Web
site photos often loak like Tom Cruise but in person more often
* resemble Danny DeVito. Suppose also that on the back of each card
you list certain data about the men, such as honest (ves or no) and
aftractive {yes or no). Finally, suppose that I in 10 of the prospective ;
soul mates rates 4 yes in cach case. How many in your pack-of 100 '
will pass the test on both counts? Let’s take honest as the first trait (we
conld equally well have taken attractive). Since 1 in 10 cards listsa -
yes under honest, 10 of the 100 cards will qualify. Of those 10, how
many are attractive? Again, 1 in 10, so now you are left with 1 card.
The first 1 in 10 cuts the possibilities down by ¥, and so does the
next 1 in 10, making the result 1 in 100. That's why you multiply.
And if you have more requirements than just honest and attractive,
you have to keep multiplying, so . . . well, good luck. :
Before we. move on, it is worth paying attention to an important
detail: the clause that reads if two possible events, A and B, are inde-
pendent. Suppose an airline has 1 seat left on a flight and 2 passen-
gers have yet to show up. Suppose that from experience the airline
knows there isa 2 in 3 chance a passenger who books a seat will arive |
to claim it. Employing the multiplication sule, the gate attendant can I
conclude there is a % x % or about a 44 percent chance she will have ‘
to deal with an urhappy customer. The chance that neither cus- J
tomer will show and the plane will have to fly with an empty seat, on f
\
f
|

the other hand, is % x ¥4, or only about 11 percent. But that assumes
the passengers are independent. If, say, they are traveling together;
then the above analysis is wrong, The chances that both will show up
» 2re 2in 3, the same as the chances that one will show up, It is impor- |
tant to remiember that you get the compound probability from the
simple ones by multiplying only if the events are in no way contin-
gent on each other. j
The rule we just applied could be applied to the Romar rule of

34 I



The Laws of Truths and Half-Truths

half proofs: the chances of two independent half proofs’ being wrong
are 1 in 4, so two half proofs constititte three-fourths of a proof, nota
whole proof, The Romans added where they should have multiplied.

There are situations in which probabilities should be added, and

that is our next law. It arises when we want to know the chances of -

either one event or another occurring, as opposed to the earlier situa-
tion, in which we wanted to know the chance of one event and
znother event both happening, The law is this: If an event can have a
number of different and distinct possible outcomes, A, B, C, and so on,
" then the propability that either A or B will occur is equal fo the sum of
the individual probabilities of A and B, and the sum of the probabili-
ties of all the possible outcomes (A, B, C, and so on) is 1 (that s, 100
percent). When you want to know the chances that two independent
events, A and B, will both oceur, you multiply; if you want to know
the chances that either of two mutuelly exclusive events, A or B, will
occur, you add, Back to our airline: when should the gate attendant
add the probabilities instead of multiplying them? Suppose she wants
to know the chances that either both passengers or neither passenger
will show up. In this case she should add the individual probabilities,
which according to what we calculated above, would come to 55
percent. -

These three laws, simple as they are, form much of the basis of

probability theory. Properly applied, they can give us much insight

into the workings of nature and the everyday world. We employ them
in our everyday decision making all the time. But like the Roman
lawmakers, we don’t always use thern correctly.



Exampie: In the casino game Craps, two dice are rolled and befs are made
about the sam of the two dice. A bet that the next roll of the dice
will show a sum of 7 pays 4:1 odds. Although the outcome on an
individuat roll of the dice is random, there is predictability in the
long-run behavior. The graph shows the cumulative proportion -
of obtaining a 7 when two dice are rolled 500 times. Notice that
the graph settles down and approaches the theoretical value of L

E:t_‘
w D
-

o
o

Proportion of 78
_D R
5 Y

4] . y=}€‘

o 100 200 300 400 500
Trials

=
o

* The Law of Large Numbers: The Law of Large Numbers states that the
long-run relative frequency of repeated independent events gets closer

_ and closer to the true relative frequency as the number of trials increas- R
es. We saw this law at work in the example above. In the long run, if you E
roll two dice many times, 2 sum of 7 will occur about ¢ of the time,

* Independence: Two events are independent if the occurrence of one
event does not alter the probability that the other event occurs. If you roll
two dice and obtain a sum of 7, the result of that roll has no effect on the g
next roll, so the two rolls are independent. But if you draw an ace from a |
deck of cards P(ace) = & and without replacing it drawa second card,
the probability that it is an ace is P(ace) = . These events are not inde-
pendent. (We will give a more formal definition of independence later.)
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conting€hcy rables show conditional probdbrlities
*opUB) grven p (A

PCA and BY : PLBrwN Hair nF) 310 3
P(Blﬂ’}: TR =P B N 2 = — = ==
P(s) Pr B hgirE) PLF) 5710 5
o /Some
outT 0f 5 females P(Brwnygir)= 3/5
P (survived | Firsy) < PLsurvivedafiysty - 203 Loy medium chante
PLFIFST 3P OF surviyal
psurvived | Third) = PLsurvived athird) 118 o000 very untikety
P Cthird) 106

chdnce 70 suryive
P (crew l-Survived) = p[.'gu'r\ll\ledf‘\tl't‘w) = A% [ 7q.3¢. loW Chance of crew
PLsurvived) & membpers survived

EX. medrcal Tesrs: resuirs can be positive of nNeqaiive, whether or not
the person has the disease ( taise positive or false negarive)

has conditian doesn't have total
positive (110 2.0 130
hegarive 20 50 10
TOFQl 130 10 200

) PC+ resuit | condifion present)

. PL4 recult A condifion present) _ U6 2
Plconditign present)

d) pCt resutt | no condition)® *°010= .2857= 23.57°I.
e) PCcondifion present and positive) - W0/200= .55 = §5°,
£) PCcondition present dnd negarive) = 20l200= .10= 10"

]

34.62°1.  highly likely"

a and b art conditionals, e and £ are not!
poigson vy = ¢

PCN Or M) dfe mutudily exclusive eecause you Cdn'1 nove poth a
mitdreaction and no reacrion
T PCAYVFPLBY - PLAGND B)
ik
independence s pCAand B) s RCAY: PALE) 7







experiment: any process whith a measurément 1s obrained
~ varidble (X “ quanritative
T fX. gmount 0f snowfall, weight 0f babies, erc
not ex. nominal { ordinol data
* discrete vandom varrables .
—~| £inited codotable 2 =3, 72, 0, Ood Lo B By 39
NOo tyactiONSs, paytial numbers, decimals
— ex. # of sryudenfts who yoted, # of students who ger A's etc
Oprinuols random variables
In €4l te, COUNTI€SS * -3,-2,-1,0,1,2,3... bur also partiqls
T oeX. temperarure, height, inches 0 € rainfall

| ~

discyete or ConTinuous? D A dugh
a) continuous ) Ahiny

b) discrete 3) ttel sq deeply ANQAT ylowye moved 1o/ ieary

¢) continuous
dy drscrete yim Valvano

probability distributions Z Y-axis probabibity , X-ax1s variables
T 4 graph which assigns probabilirics vo €ach random varidpies
= hiS10gvam with disCrere variables, density with conTinuous
— alW bars, all area, oUW probability + = |
- oun 0f the sample space, nO gaps, no overiaps
~ no Class \imifts L mutuany exclusive
B jusT digcretre variabie oprions

ex. bofredom tolerance
center and spread

= distributiOns have expected vaiues ws Zx: plx
= stanpdard deviation: o= sp( = {Llx-m)* pLx)

6.l 43, 0) Yy €5 — probabilities add up to |
P) no—> probdbitities lt add up 10 l.05;probably overiap

)]

#r.d) 4= Bxc LX) = 1.1530
) O S (x-u)PK) *
puUT 1 VOr. and prob.

s1a1 — cald — Vvoar stary —
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1. Jacob gernoulli @ swisS mathematicidn who studied Binomial
eXperiments

9. binomid!l [ BernOulli expevimentys

3. probability of r successes our of N Tria\s
4| f

5. n=900

>% QuTCOmes poOSSible
N0 more Than 2 ourcomes po§sible bc he could ger many ditferent
kKinds 0of cars -

PR ‘ '
success [Fary p="In i oM DX PUX) LA
L Independent / 6 :J Z(-X _M']'L - P(X) .
discrete il B
E
—ll-ll0|l|1"' X lf}f
conrinuous = p=q,
L -2.-1,0; Paytials

g

Vo fFixed # of tvidls, n

2. Indeptndent

3. 2 OWicomes: SUCCESS OGnad Fail |
4. p= suctess, q= fail ™ p+g=\ and q=i-p ‘
5. find probability OF Frnp ' = R ‘

binomial situations:
be 72 tyials
Independeny : :
S= 63, F=Q success =<3 min  £qi|= 73 min
RLSh= 08 (L RIPN=.2 N=172 (=63
2. Trial= man being poled
independent b
S = saying yes F=saying no | |
P2y | ©=~.49 ’
n=20, r=1%
3. noT binomMid); change The question
n! |
PAEY = rtieriy prghar - Wi g R 0.2 hw (9,410,415 106, 16-20,21) i

@k. N=b, p=.10, 4730, r=4  SUCLEST= gIMING1I0N, fail= no
PUN= Ciyr pfg" = PLrs)= G,y (T L2Y* - L 32y



XK. eye operations ‘
X ¥ L A7PTT & L
PCr=5) = Cqp L0317 0 S 6k, Q0243 %.7= ,0[(02 1.01
Ax & .02 chan(e That Sle g€t their eyesignt resrored

" probability tabier p, N
Plr=6)" n=G6, ¥t=b p=.3 plr=6)=.00l :
- limitati0ns: no other probabiiivies Than intrements of 5
pop quiz probitm: 10 @'s, a,b,Cid, e chaices for €0ch

Plrzd coyvelt) =7 assume independtnce
~ triGl= answering €ach qQuestion |
ST right. F =wrong |
Pz 'Is =, Qs,%
h= {0 r=3%,9,10

PLRY=0 pray = 0 P(10)=0

Plr=gY+ P(y=)tPLr=10)=.000*1.000t.qgo00=0. ,
Ax a O0[. that a srtudent would blrndlyquess &+ correcrly
ghn The pop quiz

0.7 #HIg p=-1 = 1ol
o) pLr=a) _

=

Trials+

pr-10

X Voiye (r): g

binompat (1,:1,0) = .47T83%  “7 PONT WRITE THAT ON. AP EXAM

PLY=0) =.4183 y of = e
BY Pl af Vedst 1~ Py 21) 5707 RPLr=00 "= Lr:H183 = . 924] b=, M
) PCno more thon 2Y—P (r<2) = Plr=o) + pCr=1) + pr=2)

= L4134 L3204 (120 = L RT3
@—’ “' Cumulative
Xvalue 2 binom¢d ¢ (1,.1,2)=.a743
0.7 %20
a) p=.10 n=20 ‘
PLlrest)= v = PLr=0)=.11216

PLYr<IY=.8154 — 3can g1.84°[. chonce That Ot (edst |
b)Y PCr>2Y binOmedf (20.1,2)%.6769

Perz2ad® A a1 w3230 A% al 32311 Chanoe . orot, QY e, than. L.,
A Plr=0)= 121 —=~ 3y o 2.1, Chante That no tigs..-.
d) PCar teast 15 not 100 Fignt) = PCr<a) = binomed € €20,.1,.2) ~ - 4769



binomiol distribu110n
plr) Nn=o,
r
> R Rep
O=dn-p-q YAy

art oppreciation c\oss:

PC r=10) = .q02
* P(r=06)= .000
PO
30
20
<14

peda

pass or farl

p=.3
h=20

assume tpdependence

MC escher Arft

-

[ ’{'

-

O | 2 3 4

C* Vb (modc) = m

$* skewed low

St cv=%p = |y =
' 0-u, 20

Q) . 318y
MR
L1466
1391
. 0068

’(.\\_ /1/'\ = 2\ A P l}(} /'LA kS C) 415

s & T 3 9 o U

. 187y,

(2 13 1 I b 1 5 19 20

students Fhat pass

6 =1.17%39

. r\thh

6498 Y/u=.9242 "high"
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S2make, F=miss p=.33, q=.11 (=4, n=5

geomefric disrributions

=~ going unftili 1 success; N is unkpown and nto
RV PLX)
bingm| gigcrere qeoml _» llll
P(.T\ ’7-"\|01|‘1|5 /uz zxptx} X
6= g (xm)? P
continuous
porhgis F, going untili ist success
O O
r
L P$) .
M= np always skewed. right
= (1-p) = Vg : X s never o
mo=e
geomerric sertingss S 6= \ﬁ'fl’

le« 2 gut comes — S(F
2. p=prob. of guccess
3. lndependenT

N, variable 6f thteresr=4 OF TriGls until SUCLESS = no ¢ixed am1

PiCKi=ind > fl=p )" iz gl

|l e s )

— INFfiNnite

p(x) | a2 | q%p |

qraph 1s ¢ downward. stQir step bic qaurc always mulrxp\qmq
by some Thing less Than |

plx>n)= (i-p) = q"
-~ PLX>12)=g"

$.20
) independent pP= 03] q=.97
S= defective hard disk drive, F=woyKS

) P(X:5) P(x=5)=. 0266
S I | 3 |w |s | 1x 0 2.6b’l. ¢chante thay a hard
PLY) l 03 ‘sGNl\.OZB'L[.G'L‘IHl-ﬂlbh! drsk drive will be {-OU.'ﬂd

10 (9*F (93 [ate defective on triatl s
P(x=5)=q¢""p = (4T (.03) 70166




8.1\
a)

S 4 4 &+ 5= 5 5
- 5 &4 = &4 5 =T
_ = 5 =~ T -+t =

L N |
'O) P: c’lg:. 3/1{:.15
¢) x=# of triols yntil o winngr

d) b4 \ 3 3 4
PLX) 19 | L1gs L0469 | - a1
chf 18 L9315 «qg4M L 990b)
colnegepoard vid : ¥ oalways assign yandom w.grighie 4

H= # 06 tropucarstorms unfil f1egt hurvicaing, p= -4
PCH=Y = (1-4)® (4N =.195  m= Yy 6= T

Pix<u)= geompdt Lp=.53, x=u) =, 0842 = musr include a sentence!

L0 vht Likters have HY pups
PEx=5)=¢" " p= (.83 (.20= .081Q— 3x An B.QQ (.. chance That the
fifth VI YTEr Wil be the firgt 10 haye "t pups

hy -

s e = 2= 5 hiren

powerade problem: ind. X= frVals until winning p=.1% ¢<-15
L ROt rridls? :
catculatraof: geomer pdt (.25,11)7=.0015 —3x a .15/. Chance
Thot you win on the Ttk time



hermMiy Pyoplem tMmMa (hou p.2
ynfecred ' '
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