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Study Guide for Stat 200 Exam 1 (Chapters 1-17)

Part 1 Study Design Practice Problems

Controlled Experiments—Researchers assigns subjects to treatment and control groups
Main Idea: Treatment and Control should be as much alike as possible
e Randomized, double-blind design is ideal because it eliminates systematic differences (bias).
Random differences average out with enough subjects.
Blocking reduces random differences that could be a problem for small studies by breaking
subjects into similar sub-groups before randomization.

Once subjects are randomized into treatment and control, NEVER rearrange them because it
will introduce bias. That's why we compare the results of everyone in treatment to everyone in
control whether or not they adhered or not.

e Non-randomized controls usually introduce systematic difference between treatment and
control groups that could bias the result. These differences are called confounders.

Observational Studies—Subjects themselves or simple fate determines treatment and control groups.
Researcher just observes.
Main Idea: Treatment and Control groups are likely to be systematically different, these differences can
mix up or confound the results.
e Very difficult to conclude causation from association.
e  With observational studies you must always think about what the likely confounders.
e Stratification adjusts for possible confounders by breaking subjects into sub groups where the
confounding factor is the same.
e Simpson's Paradox is an example of extreme confounding. It's paradoxical because you get one
result before stratification and the opposite afterwards!

Question 1

Two experiments were done comparing the effects of listening to classical music versus pop music while studying. All the
students in both experimental designs were given an identical 2-hour lesson and then allowed time to study for a short
exam, electian Lias

In Design A students themselves chose to study either listening to classical or pop.

In Design B the students were randomly assigned to study either listening to classical or pop. € Tfu sf reso { {S
Design A found that the classical study group scored significantly higher on the exam than the pop group did. Design B
found no significant difference in exam scores between the 2 groups. The overall exam average in both designs was the
same.

a) Which design had randomized controls? Aonly @ Both Neither
b) Which design is more likely to have confounders‘?( A ) B Both are equally likely
c) Which conclusion is best supported by the evidence? Circle one
i) Students learn better when they are able to choose their own music while studying. ,
Students who choose classical are different in more ways than just their musical tastes than students who choos:
rap.
iii) Classical music seems to enhance learning better than pop music.



Question 2

A study published in the March 4, 2015 issue of the Journal of the American Medical Association evaluated
whether peanut consumption might be more effective than peanut avoidance in preventing the development of
peanut allergies in infants who are at high risk for the allergy. 640 infants aged 4 to 11 months with severe
eczema and egg allergies (high risk indicators for peanut allergy) were randomly assigned to either consume
(treatment) or avoid peanuts (control) until 5 years of age. The results were striking—17.2% of the children in
the peanut-avoidance group tested positive for peanut allergy while only 3.2% of the group in the peanut-

consumption group tested positive.
a) Whifc_llxof the following best describes this study: C: oo cL Stu 4 ,_3 = ’r(us’f reSou "“3’
ciy A randomized controlled experiment
i) An observational study with controls 4. No C,OY\"FO un (‘ er’s
iii) A non-randomized controlled experiment

b) Does the study show that eating peanuts helped prevent the children in the study from developing a peanut
allergy?

i) No, it only shows that there is an association between peanut consumption and reduced rate of
peanut allergy since many environmental, cultural, social and biological factors contribute to
both diet and allergic responses.

ii) No, simply assigning children to 2 groups without considering the consequences of how peanut
consumption or peanut avoidance may confer nutritional advantages limits any causal

- conclusions.
'iii']l; Yes, the study is strong evidence that peanut consumption helped prevent peanut allergy in

Nt these children although the causal mechanism can only be inferred.

c) Which of the following could confound the results? Circle Yes or No for each. N ane lo/c ren do 0r 2e A

i) Cultural/Ethnic differences- Peanuts and peanut oil are popular in West African and Southeast
Asian cuisines, groups that have a relatively low incidence of peanut allergies.
a.Yes ‘b.No

i) Health Benefits - Peanuts are a relatively healthy snack food. Children who eat peanuts may be
healthier in general and less likely to develop allergies. a.Yes @

iii) Pre-existing Health Problems- The children all had severe health problems to begin with

making it difficult to discern whether or not it was the peanuts or pre-existing conditions that

led to t&ﬁquopment of a peanut allergy. a.Yes
b.

iv) Overactive Immune System- Children with overactive immune systems are both more likely to
have egg allergies (like the children in the study) and to develop a peanut allergy. a. Yes

d) 40 of the 640 infants showed evidence (by a skin-prick test) of already having a peanut allergy before they
were even assigned to treatment or control. The researchers want to make sure that the 40 children are exactly
evenly divided between the treatment and control groups but they don’t want to introduce bias. What should

they do? B \oc,k

@ They should divide the infants into 2 groups (40 with pre-existing peanut allergy, and 600 without).-
Then randomly assign half of each group to treatment and half to control.
ii) Randomly assign half of the 640 infants to treatment and half to control. This will ensure the infants will
be evenly divided on all characteristics relevant to the response including pre-existing peanut allergy.
iii) Randomly assign half of the 640 infants to treatment and half to control. In the unlikely event that the 2
groups are not balanced then, the researchers should balance the groups taking into accountall

variables to be as objective as possible. ) “{
yo V“._,‘,_x;;h‘nc ol,lcrfj (60 without pre fe,y‘ffms a fsv}
rendoml2divid ¢ rmé‘»lj divide

/ N LN
TC?—O) C (20 TG oo) C OOO>



Roendomize Stuvdies - woh'i%"q%'m%%}xgin i e U
\nYroduee. é’eic;.ciioin. bias. com pare overoWl regultsl

/
Question 3 pertains to the following study: '
A study was done to test whether Ginkgo biloba (GB) could alleviate symptoms of Alzheimer’s and dementia. The
52-week study randomly assigned half of the patients take GB daily and half to take a placebo. Neither the
subjects nor evaluators knew who was in each grqup. At the end of the study, there was significant evidence that
B improved the cognitive performance and the social functioning of the patients for 6 months to 1 year.

a) What type of bias could be present in this study Choose one:
No systematic bias ii) Subject Bias iii) Evaluator Bias iv) Selection Bias v} ii, iii, and iv

b) Which of the following could confound the results? Choose one:
i) Forgetfulness- Patients with dementia may forget to take the GB on a regular basis.
ii) Increased Attention-- Participation in the study increased the attention these patients received. They
feltless neglected and therefore more cognitively active.
iii) More motivated-- Those who volunteered to be in the GB group were probably more conscientious
and motivated to begin with since they actively sought a remedy for their condition.
iv) All of the above

@ None of the above Y'@ndom:2 CJ LW\MH'A Q)GMIY\PA‘}T AO NSt h&H,

confoumder? ‘ ]
¢) Noteveryone in the treatment and control group adhered to the Erogram and took their medicine/p cebok eep 4

Which comparison is best when analyzing the final data? — | C ' s“}' ar'h oL ondom ¢ . 5 J
@ompare everyone assigned to take the GB to everyone assigned to take the placebo. ¢ ndem:

ii) Compare everyone who actually took the GB to the placebo group.

iii) Compare only those who took the GB regularly to only tbose who took the placebo regularly. . el
otherwise 6\ ‘Al}rcak Hhe rendomzcdion ; Mtrod vee Sele C[" an hie
Question 4 pertains to the following study: ]

A study was done to test the effectiveness of a new weightloss drug. The subjects were 2000 obese adults. Half
were randomly assigned to take the drug every day and half were randomly assigned to take the placebo every
day. Neither the subjects nor those who evaluated them knew who was in which group. The subjects were
followed for 1 year and the percent of weight they lost or gained was recorded.

a) Based only on the information above which of the following best describes the study above?

Choose one:
i) This was a non-randomized controlled experiment with a placebo.
ii) This was arandomized controlled experiment without a placebo.

ifi This was an observational study with controls.
iv This was a randomized controlled double-blind experiment.

b) The table below gives the average percent weight change of “adherers” and “non-adherers” in both the drug
and the placebo group. Adherers regularly took their pills while rgm-a herers took their pills less than 80% of
o -

ety <)

Drug Placebo
Number %Weightchange Number %Weight change
Adherers 500 7% loss 502 7.1% lost f
Non-Adherers 500 2% gain 498 2.1% gain
Total 1000 C 2.5 loss » 1000 < 2.52% lost

Com gerqane. v LRMeryon €.
Based on the results of the table would you gg’ﬁ{clude her‘qug’good evidence for the following statements?

Circle YES or NO after each statement:
i) The drug worked better than the placebo for those who regularly took the medicine. YES@
ii) The drug works no better than a placebo. NO
iii) Adherers may be different than non-adherers in ways that help them lose weight. (YES) NO
(for example, more responsible about eating balanced meals, exercising regularly, etc.)

Alweys keep bhe mmcnizabion adac. .
Do w7  STRATIEY 01 self- selected cdeﬂoriw

cdherence . 3



Question 5

A study published in the Feb 18, 2004 issue of the Journal of the American Medical Association compared pharmacy
and medical records of 10,219 women and found that women who filled 25 or more prescriptions for antibiotics over
a 17 year period received breast cancer diagnoses at twice the rate as those who took no antibiotics. The study
concluded that high antibiotic usage increases one’s risk of breast cancer.

a) Which of the following statements best describes this study? Circle one:

1 This was a randomized controlled experiment without a placebo.

/jg) This was an observational study with controls. Contvels = com P s v 6y—uo P
iii) This was a randomized controlled double-blind experiment.
iv) This was a non-randomized controlled experiment with a placebo.

b) Based on the results of this study alone, which of the following statements is best? Circle one.

i) High antibiotic use causes an increased risk of breast cancer.
i)’ High antibiotic use is associated with and may cause increased breast cancer risk.
“iii) High antibiotic use is associated with but does not cause increased breast cancer risk.

iv) Having cancer 1sllkelyt0 cause increased u eofgntlblotlcs A .
C canck concludﬁ gutetion [0r non-cavsdim )Ersm ¢ bs. studies

c) Below are either confounders, causal Iiiks or neither. Answérbased only on given information.

i) Age of first pregnancy- women who have their first child after the age of 35 are more likely to get {
breast cancer. ’ anf\- bree s
N\ Y S
a) Confounder b) Causal Link () Neither toiohaSz ! 2’!
e Concn.
ii) Destruction of Protective Bacteria- antibiotics kill healthy bacteria that may help gp..u reast
cancer. an-h-v ‘S[kill ‘ e IDbed
a) Confounder @ Causal Link ¢) Neither b‘ +cs 3 . ", e

iii) Underlying Immune Problem- a weak immune system leads both to frequent mfectlom N _k,_
necessitating antibiotics and also to a higher cancer risk. crdi - \»gfeaf

) Confounder b) Causal Link ¢) Neither b o’h s Aona2

lmkae
iv) Regular Check-ups- Women who regularly go to the doctor are both more likely t%’be [;1'85'@
antibiotics and more likely to receive a breast cancer diagnosis (especially for slow growing cancers
that are unlikely to lead to serious health problems.) amt i 4« . brp“+
WOnfounder b) Causal Link c) Neither bo + —>
i S

d) Suppose the researchers thought that income was a possible confounder since high income women tend to take
more antibiotics and tend to get more breast cancer. To separate out the effects of income from the effects of
antibiotics researchers should ... Circle one:

i) split the data into high, middle and low income groups and compare the antibiotic usage between the 3
groups.

ii) split the data into high, middle and low income groups and compare the cancer rate of those who took a lot
of antibiotics to those who took no antibiotics within each group.

iii) split the data into high and low antibiotic users and compare the cancer rates between the groups.

iv) split the data into 2 groups—breast cancer and no breast cancer and compare antibiotic usage

between the 2 groups.
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Question 6 A study published in the August 15, 2017 issue of Mayo Clinic Proceedings tracked 44,000 people
aged 20 to 87 for an average of about 16 years and found that those who drank 4 or more cups of coffee a day
were 21% more likely to die than those who drank less than 4 cups a day. The risk was 50% higher for heavy
coffee drinkers under 55 years of age.

b) Whigh of the following best describes this study?

i An observational study with controls
ii) A randomized controlled experiment
iii) A non-randomized experiment with historical controls

c) Does the study show that drinking 4 or more cups of coffee a day caused the higher death rate?

i) No, the study was conducted over such a long time period that it's difficult to determine
whether it was the original coffee drinking itself or something else about the coffee (for
example, the way it was brewed) that caused the higher death rate.

ii) Yes, particularly for young people, the study clearly shows that excessive coffee drinking
caused an increased risk of death. ers
@ No, it's possible that coffee drinkers share o&or traits ﬁ{ESldES the coffee) that could put them
at a higher risk of dying.
iv) No, you cannot conclude causation without a proven causal mechanism. The study does

provide strong evidence that it's the coffee that’s raising the death rate and not something
else, but it fails to explain how or why.

¢) The study reported that they controlled for cigarette smoking. This means they thought smoking might be a
confounder so they eliminated its confounding effect. How did they do that? Choose one:
i)  Atthe beginning of the study, they divided the patients into smokers and non-smokers and then
randomly divided the smokers and non-smokers equally between the coffee and no coffee groups.

ii) Throughout the study they eliminated anyone who smoked from the study.

@At the end of the study, they stratified on smoking, and compared the death rate of coffee drinkers to
non-coffee drinkers within each smoking level (non-smakers, light smokers, heavy smokers).
Stred, Lied On possihle condosn - smaki
d) State whether the following are confounders, causal links, or neither:
i) Increased popularity of coffee- The study was conducted over a 16-year time period that coincided
with an enormous increase in coffee consumption. a) confounder b) causal link@either

Collfeed— Popu\cr-gT 7 decth

ii) Caffeine—Excessive caffeine intake from 4 cups of coffee per day raises health risks because it
increases a person’s rt rate and blood pressure, which increase one’s risk of death—
a) confounder ausall’laink c) neither 54 ft e —ﬁ
(Uhret & hou obtee ~~ | CC
b ﬁ Lee couees C et
iii) Unhealthy Diet - The study stated that people who drank 4 or more cups of coffee were also more
llkﬁo have an unhealthy diet that could increase one’s risk of death. l
€ 0\

a))confounder b) causallink c) neither

cow&uf— O 'J

iv) Pre-existing-conditions- Some members of the study mair have had pre-existing conditions or
illness that would cause them to die sooner. a) confounder b) causal link @ ffqither.

CEhE
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Question 7 A country club gives a pass-fail golf test every year to professional and amateur golfers.
Professionals have a much higher % passing than amateurs. The club members were happy that the overall %
passing went up from 68% in 2007 to 70% in 2017 and wanted to know which group contributed to the
improved rate.

)

2007 2017
Number [# Passes |# Failures [% Passing| Number |#Passes Failures }’/a Passing
Professionals 100 92 92% 100 90 10 90%
Amateurs 300 180 120 60% 100 50 50 50%
Overall Total 400 272 128 (68%) 200 140 60 (709%™
Sipmpson's Percd oy 7T Never co ovecal recd 622
a) Which group’s % passing went up from 2007 to 2017? Choose one: a) either d) Both

of confou nd
@Y es, it's possible because the overall makeup of the club has changed from 25% to 50% professionals which
raises the overall % passing even though both groups % passing declined.

cee
P?cg. b) Amat.

b) Is it possible for each group’s % passing to go down if their overall % passing goes up?

Hes,

blc.

ii) No, it's not possible. If the overall passing rate goes up, then at least one group’s passing rates must go up.

Question 8

S ™ O<Vn ‘v ?oméoy

A company has 455 job openings- 70 white collar jobs and 385 blue collar jobs. 600 men and 300 women apply for the
new jobs. Here’s the data:

Men Women
# Applied # Hired Hiring Rate # Applied | # Hired Hiring Rate
‘White Collar 200 30 15% 200 40 20%
Blue Collar 400 300 75% 100 85 85%
“Total ~ [600 330 55% 300 125 41.67%

e ——,

(N

T ws|eed -
a) Overall 55% of the men but only 41.67% of the women who applied v?ere hired, ra&ng the question of sexual

discrimination. Assuming that the men and women were equally qualified, which job category was discriminating against
women? Choose one: i) White Collar Only i) Blue Collar Only @eimer iv) Both

b) Based only on the data above, if you're applying for a white collar job are hiring rates better for males or females?
Choose one: i) Male » @emale

15/ 20 /.

¢) Based only on the data oye, if you're applying for a blue collar job are hiring rates better for males or females?

Choose one: i) Male  /ii) Female - iii) Not possible to compare rates since 400 men applied, but only 100 women. -,
4wy rates -Guee lOO ¢o Sample size doGm t
d) Based only on the data above, are ‘ﬁiring rates better for males or females? Choose one: me #@ 7

i)Better for males. (ﬁi'Better for females.  iii) Same. iv) Depends on whether it’s a white or blue collar job.
e~
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Part II Descriptive Statistics

Chapter 3 - Measures of Center and Spread

h Look at this list of 5 numbers: 0, 1, -2, 2, 9

a)

b)

)
d)

e)

9\ O_i“bzzzﬁ:a

“310)\3310\ * \is in order F\fS'\'\.

The average is
sepl ¢

The median is _\_ _—

The deviations from the average are 2.~ 4,0 3_ Step2

The sum of the deviations from the average should = % . Fill in the blank with a number.

Compute the Standard Deviation. Round your answer to 2 decimal places.
Show your work. You may start with the deviations you found i {art (c). Circle answer.

Step3: Squore daliohons Step U: avgof Seps: 14 =

+
4y 1, 10,0,49 qmmw___‘*" =1y
Q) Alist of 10 numbers has an average = 5, median= 4, and SD = 3. Fill in the chart below with numbers.
For (a-e) below, calculate thenewaverage, |  New Average New Median | NewSD
| median, and SD after the original list has been | (Write a number, not, {Write a number, (Write a number, not
changed according to the given directions. words, like not words, like ( words, like “increase” or |
“increase” or “increase” or | “decrease” except for
; osmisnin—e || dEETEDSE ]  ‘decrease”) | | (e). sy
i i i
a) 5 is added to every number on the original list. 1O q i 3
‘.; R— e S fr din oz -T—. e
b) Every number on the original list is multiplied - I — 8
by negative 2. O ~ (0

i

d) Subtract 5 from every number on the original '

c) Every number on the original list is divided by
2. .

a.2 A 1.5

: — - — S e =
list, and then divide every number by 3. : O - ‘ I l
|

' e) Every number on the original list remains the

— e = -

| § i Choose one:
Increase

_ same, EXCEPT that 10 is added to the largest | in Q{Q&Se/ | LI i) Decrease

number.

iii) Stays the same

(© |

) S Eﬁ’ﬁ:ﬁ k]
\) oNg = S= Swm oc/ = sum of #'§ =50

{0 R o6
of #'s ¥\0_ SO*‘@
\O (0

R NG = sum






Chapter 4 Graphical Displays for Numerical Data

1#) The figure below is a histogram for the first exam scores of 520 freshmen and sophomores in general chemistry.
The height of each block is given in parentheses.

a)

b)

)
d)

(3)
3 i i T i N T
i 1 } i [ R I N |
! i L i } I !
2.5 [ty i : 1 ] ‘ i ot
P { i t ' i ) - }
@ 2 ; | ! ‘ t ’_ i 1 I i
§ [ 1 t : ] ;
1 i ¥ i i i
2 T ; i {1.5) ]
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s} 10 20 30 40 50 60 70 80 S0 100

Exam Scores for Gen Chem

What percent of the students received an exam score between 8 and 50? Write your answer inside the blank
provided in the 6-50 interval on the histogram, Do the same for the other 4 intervals. Fill in ALL 5 blanks in-
each block of the histogram above with the correct areas.

: 1
The area of the entire histogram is _i_QQ_% d\WG.SS .

50t percentite ,
The median exam score is closest to: Chooseone: 50 70 @ 80 90
Is the median >, <, or = to the average? 2 loﬁs ‘eﬁh{}\!\d wait=> a\:3< ﬂ'\ﬂd

The percent of students who received esactly 75 on their first exam is closest to (Assume an equal
distribution throughout the interval

Choose one: 0.5% 1% @ 16%  15%

Suppose alt the students in the 0-30 range were given extra credit that raised each of their scores 20 points?

How wouid that affect the average, median and Standard Deviation?
(Check the appropriate boxes below, check only 1 box per row.)

— ; e

Increase Decrease Stay the same

information

Average would ... } X 2

S—. — - % " - 4

Median would ... | )(

| — | — |

Standard Deviation ‘

would ...




E) A distribution table for the number of drinks a past semester of Stat 100 students said they typically consumed per
week is shown below, The first rew says that 45% of students said they had between ¢ and 10 drinks per week. The
table has S missing blanks. Fill them in with the correct widths, heights, and areas. Then draw the histogram. Write the

area of each interval inside the block.

a) Fill in the § blanks in the table below and then draw the histogram on the graph below.

. Width | Height |

5 ........ e v : G—ie A =~ .
| Interval | of (% per f;;ca | 45 4s) )
| | Interval | Drink) ) | " Lﬁ - '
0to 10 ’ 0 yg | 45 ‘ 2 1) :
- | S ok E 3 sl i —-—
| i | & . ] a8 :
10 ta_iS ‘ 5 —4_“ t &‘Q ! }E 2-2 ;""“3“’) l(ﬂa
151020 5 3 15 | .. sl gbs P 1
20030 | 10 {10 : ) [ (0.53- .
SRR SRS |- . o5 T 1T—}0%: : s
‘ - | i fol. ! 1
30to0 50 20 0.5 10 © 5 10 15 20 25 30 35 40 45 S0
s == =S Number of Drinks Per Week

b) The arca column should sum 10 & _QO__ %. Fill in blank.

¢) If semeone drinks more than 90% of the class, how much does he or she drink per week? , ’ZO drinks
Fill in blank.

d)Would it be appropriate 1o use a normal approximation for this data? hmg P g}‘{r md ol
LQoxe #nc.
| No, the histogram is {ar from normal, $o using a normal approximaticn would not be appropriate.
if} Yos, because converting to z-scores will change the shape and make the histegram normal.
iif} Yes, because the normal approximation is suitable for all data sets.
iv) Yes, because we can determine the average and SD from the data,

e) The Survey only allowed students to give answers up te 50 drinks. I gave everyone who answered 50 the

opportunity to change their answers. A few of them changed their answer from 50 to 60 drinks. How would that
affect the average, median and standard deviation?

(Check the appropriate boxes below, check only 1 box per row.)

‘ “increasiz_z_ —'— D;crease B ;— Stay the same J g?::rgg;(g; i;
Averagewould .. x __J
Median would ... | X ‘
Standard Deviation | X | - | _
would ... '

o®



13 Below are rough sketches of 2 histograms. One depicts scores on an Easy exam were most students did well. One
depicts scores on a hard exam where most students did poorly. The horizontal axis ranges from 0% to 100%.

Histogram A& Histogram B
N |
f.,! \\T.;:;,_.z_; = \
0 100 0 100

&) Which histogram depicts the easy exam? (1 pt)
Cheose one:

Histogram A

Histogram B

b) In Histogram A, is the average greater than, less than, or equal to the median? Circle one:

c) in Histogram B, is the average greater than, less than, or equal to the median? Circle one:

4 If a tist of pambers has & SD of Q then .. ..
(2)) All the numbers on the list must be the same. N0 SPI eod
bj The average of the numbers must be 0,

¢) Al the numbers on the fist must be 0.
d) There are 0 numbers on the list since the S can never be 0.

o ) 9 Look at the 3 histograms below representing your survey responses to 3 questions:
< What is your ACT scare?
What's the fastest speed youw’ve ever driven (in mph)?
What percent of your college costs are your parents paying for?

or
a9,

1l

l Histagram A Histogram B Histogram C
1
ﬁ“l i ]
]i L i B]
s
i i I
| | oo
i 5 ] .
{8 l
o P
i | ii T‘ | 1 | | =
e ; ‘ 1 LT
1] i ks : e v . — r -~ - Ul - " e _"—
180 o 100 wo 0, & 4 b %o

a) Which graph represents ACT scores? B___ Which graph represents fastest speed? _B_

b} 1 wrote the average and medlan of Histogram C down, but ! fergot to label them.
Here are the 2 numbers: 62.25 and 80. Which is which? o\,VSL med

0 is the mf)dian ii} BO is the average iii} Cannot be determined
whole #
0f — .S

(1pt)

(1pt)



Chapter 5—Normal Approximation

1 )3#8) According to our survey data, the histogram for the heights of females in our class is close to the normal curve
with an average = 65 inches and a SD =3 inches.

a) If a female is below average in height, is her Z score positive or negative?
Choose One:

i Positive
Negative
iii) Not enough information to tell

b) If a student is exactly at the SO" percentile, her Z score = Q and she is &S inches.
(Fill in the 2 blanks above with numbers.)\) 6h€ i‘o eﬁc\()\' \3 &W,

¢) What percent of the females are taller than 66.5 inches? (Use then normal curve , you may round percents on the table to the nearest whole
number.)
i) First convert 66.5” to a Z score, show work.

2:05  z- 2205

ii) Then mark the Z score on the curve below and shade the area that represents everyone over 66.5".

0.5

07»\

/ Percent over 66.5” = _3L%

Write your answer in the blank above.

100-3% _ 3yv.
Y

feY)
N
s

l
\\
\\\\
z
J#
~|/
I

AWhich of the following is closest to the percentage of females in the class who are between 2" and 68”7

Che@e One:égo/ 2= é’)_ '365 ._\ Z= b%- 65~ \ c,onveri:fz %’Sw‘fég &
) = Qrea
: 3 ftod BRI

82%
iii) 91%
iv) 95%
) Which of the following is closest to the percentage of females in the class who are between 62” and 71"? 31- ’ S

Choose One: 2l 2= = 9\

i 68% 3

ii 82% '

W 91% — — Area = SR+ 5(45) = 81.87.

iv) 95% -\ 0 \ 2

J;)Aboufthe females are between 63" and 67". Are there more or less females between 65 and 69"?

ChooseUne: Z2-0.b1 + 22067 2=0 2=1.33

i More females are between 65” and 69" than between 63" and 67", -4 (%T’) X IVR

(i) Less females are between 65” and 69” than between 63" and 67", Area = 2

iii) The 2 amounts are the same because the height difference is the same, 4" far both groups.

iv) There is not enough information to tell.

} Suppose you found out that the heights were far from normally distributed but still had average = 65” and SD = 3", would your answers
arts d, e, f above cliange or stay the same? * \{23\ \m w’\‘* use ‘\‘VUL V\Of"\(ﬂ ULN(’,
Chaose One:
i The answers would be the same because the average and SD did not change.
The answers may change because the distribution is not normal and the table is therefore inaccurate.



Question

16) Suppose 1Q scores follow the normal curve with an average=100 and a SD =16. In the table below you're given either an
1Q score, a Z score or percentile and you have to fill in the missing blanks. For all these problems, please round the Areas
given in the Normal Table to the nearest whole number.

10

a) Person A has IQ= 108

0= _1abH

Do NOT round answer.
Show work:

ol=avg+ @)(s0)

" Zscore

22 0.5

Show work:

! Person B has Z= 1.65
person B is 1.6S SDhs

W OVEYOQR

= {00t (LS 1) =12b.4

Q= 4? (d

Do NOT raund answer,
’ Show work:

val= avg+ 2 (sD)

Z= ”\'..

= 100+ (-1 M) (1B)= 320

|

i
lQ: \ a‘a. \'\

Do NOT round answer.
Show work:

2= 100+ (LYWHUE) =

ih..l.:i_w_

L

‘Percentile (% of people with lower 1Q scores |

¥
! Person A is in the _m_ percentile [

Mark Z score on curve and shade the area below Z

-05_0S middle area
/] i +\eft ol
BN
el e

100-38 = 3i/
s - a (b anammsmn e e S -
Person B is in the_95%> percentile.

Mark Z score on curve, and shade the area below Z

€ ofeo.
f Al T N mage
Y qg y AR R + e
- , ; o0 S
-3, ‘& <10 1 2 3
1l Lﬂ" 1 A
Person Ci5 in the 8% percentile &
What middle area should you look up vn the
norinal table to find the correct 7 score? \
0 A\ b ’
B % § R pere
Mark the correct Z score on curve, and shade | §ikn
the area below Z. 5'0‘5 /i
-}L / S ,z"S(,O{e

__/{ \N‘ .,;
B i3
QJ-’ . I ‘1 ’/
PO 7 S i
Person D is in the 92n¢ percentile.” |
No work is necessary. Just use the Z score you got

for the 8t percentile to get the Z score for the 92n¢
percentile,

Hint: The 8% and 92nd percentiles are both the i
same distance from the 50% percentile. i




PartIll Probability

he next .
%"ﬂﬁsi}&stion :)’ertains to these 5 tickets. @ z ré—_l @

#Two tickets are drawn atrandom with replacement What is the chance thatboth tickets shaded?
a)3/5x2/4 '/5x3/5 c)3/5 d)1/5x1/5 e)2/5x1/4

3) Two tickets are drawn at random withgut replacement. What is the chance that both tickets are shaded?
@ /5x2/4 b} 3/5x3/5 c)3/5 d)1/5%x1/5 e)2/5x1/4

Five tickets are drawn atrandom with replacement. What is the chance of getting at least one shaded ticket?
a)1-(3/5)%  b)(3/5)s c) 1- (4/5)8 d) (4/5)s @ 1-2/5¢
f L - 1-Plnone)=1-(%)
4 Plot Last one) = s
" &) One ticket is randomly drawn. What is the chance of getting either a shaded ticket or a ticket marked "3"? ‘\
Ap a) 2/5 @4/5 ) 3/5 )1 Plehodad or 3)= Plenaded) +P(3) Plioth
3

2 _1
<*S%

’T \‘\f{ nC)"{' 5- E N
145 Tins questions pertain to rolling fair dice. Ve 32 Y\
9) Two dice are rolled. What is the cil nce that the sum of the spots is 5?

i)2/36 i) 3/36 @ 4/36 iv) 5/36 v)1/6*1/6  v)1/6+1/6

é] Onedie is rolled 3 timesat is the chance of getting all 6's?

i) (5/6)? 1/6)3 iif) 1- (5/6)° iv) 1- (1/6)3 v) 3/6
Ay
- y b
--?} One die is rolled 2 times. What js the chance of not getting all 6’s? Plnot ol ©'s)=1 Plol b
i) (5/6)? if) (1/6)3 iii) 1- (5/6)3 @1 (1/6)3 v)3/6
@ One die is rolled 3 times. What is the chance of getting atleast one 67 = |-~ P(no ‘0‘3)
) (5/6)° i) (1/6)° 1- (5/6)} iv) 1- (1/6) v) 3/6

QJ Two dice are rolled. What s the chance of getting a 3 on the first roll or a 4 on the second roli?

01/6 ii) 2/6 11/36 iv) 13/36 V1/6*1/6  v)1/6*1/6-1/36
T
P(30n 2 oR Y on 224)= ';%E * %G' 3~ '3%,

197 A screening test for AIDs correctly gives positive results to about 99% of the people who have AIDs and incorrectly gives
positive results to about 6% of the people who don’t have AIDs. 1% of the population who take the test have AlDs.
_Fillin the table below to give the results for 10,000 people.

1 Tests Pesitive [ Tests Negative " "Total _ ' ]
. Has AIDS 34{100) _ aq ' N \ OIOTETY_ | 00
Does Not have AIDS ' ) q ’qoo T .

|
Total

T [saq | A3 |
A3 | 303 |

\ @) What fractien of the people who test negative truly have AIDs?

p(AiDs}ies ©)= 2

| #) What fraction of the people who test positive truly have AlDs?

P(AiDs) fest ®)" %%3




Part IV: Statistics for Random Variables
Chapters 6-9 Box Models, EV, SE and Histograms for Random Variables
Translating gambling games into Box models and computing the EV and SE for the sum, average and % of n draws
from a box.
e EVofthe sum of n draws from a box = n times the average of the box
¢ Know the 3 SE formulas:

Remember SE = SD either multiplied or divided by \/—r; (multiply SD by \/;'z- only for SE of sum)
o SE of the sum of n draws from a box = SD,,, *V#
S»,

0X

¢ SE of the average of n draws from a box = '\/;z‘

SD
o SE of the % of 1’s in n draws from a 0-1 box= oy \/; (* 100) %

(Multiply by 100 to change from a decimal to a percent, for example 0.1 x 100= 10%)

e Know the short-cut formula for the SD of boxes that just have 2 types of tickets on page 50
If the box has only 1’s and O’s this is the same as:

SD =/ p*(1- p) where p is the proportion (fraction) of 1's in a 1-0 box.

e Central Limit Theorem—The probability histogram for all possible sums (or averages, or percents) of
draws from a box will get closer and closer to the normal curve.
e  With enough draws we can use the normal curve to figure the chance that the sum (or average or percent)
of the draws will fall within a given range by converting the endpoints of the interval into a Z score
Z = (Value - Expected Value)/ SE

Question 1 pertain to the following situation:
A 100 question multiple-choice test awards 4 points for each correctanswer and subtracts 1 point for each incorrect
answer. Each question has 5 choices.

i) Suppose a student guesses at random on each question, what is the corresponding box model?

a) It has two tickets: 1 and 0 ¢ 4 . b =S
b) It has 100 tickets: half 1’s and half -1°s &VB o ox’= n—
c) [Ithas five tickets: 1,0,0,0,0 “-\\ Eﬂ ) ( [ Yy -
d) It has five tickets: 4,0, 0, 0,0 SR 3 <0k box™ iq “CJ' Uz i Z
It has five tickets: 4,-1,-1,-1, -1 F_:; Hicks
ii) The expected value for the student’s score is {

" box
@o > b) 10 ¢) 20 d) 40 50 EVgm= NN ¢
=100+ 0= O

iii) The standard error of the student’s score is
ﬂ b) .4 2 d).2 hinf SESURZSD* ,n(—/
5 5 t i - Y
3_/ ) c) ) e) not enough info — 2 - lOO = @

iv) Now suppose you're just interested in how many correct answers the student would get by guessing, not his score.
Then the EV = 20 and the SE = 4. Suppose the student needs to get 27 answers correct in order to pass. What's the

probability the student yx ? (Hint: convert to a Z score, and use the normal curve).
a)2% b) 4% . c) 8% d) 10% e) 20%

7 = velue 'L;—y - '}__1-*_?:0 -~ 1.1S \,\(,_ Lq(

-

Se "t ’/P’ 927 N\ 47




Question 2
A slacker student has 4 Finals. Each Final consists of 100 multiple-choice questions. He knows nothing so he decides to
randomly guess on every question so he can complete each Final in less than 5 minutes.

i) To compute the Expected Value (EV) for the student’s score for each Final, you may need additional information.
Which of the following do you need to know? Circle “Yes” if needed or “No” if not.

a) How many students are taking each final. Circle one: Yes No.

b) How many choices there are for each question. Circle one: es No

c¢) How many points are awarded or deducted for each choice. Circle one: No

d) How much time is allotted for the exam. Circle one: Yes - L
@ &l\ l - \)\J 2’ J?:

ii) Randomly guessing on all 100 questions corresponds to drawing |50 times !D‘ replacement from the
appropriate box model. (Fill in the first blank with a number and the second with either.“with” or “without".) /

iii) For a-d match the Final exams to their corresponding box models Use each box model exactly once. \v.”
Box I: ][1] l Box I1: [1][0] [1] BoxIIl: P][1]  BoxIv: [1][1] o=
o fO-g aNd ‘—‘—C\ %0’ “’"‘ N i
a) FmgA Each question has 3 chmces%ne is a rightanswer, offe is a wrong answer atrd one is an “ I don’t know”
answer. Your score is computed as the number of right answers minus the number of wrong answers. The “I don't
know” answers are scored as 0 points. This corresponds to Box... i) (1i) 1) iii) Il iv) IV

L]

b) Final B- Each question has 3 choices, one is the best answer and awarded 2 pts, one is a mediocre answer and
awarded 1 pt. and one is a wrong answer and awarded no points. This corresponds to Box..@ i) I iii) 11
iv) IV

¢) Final C--Each question is a true/false question. Your score is the number of answers you get right.
This corresponds to Box... 1)1 i) Il 4ii) Il ) iv) IV

d) Final D-Each question is a true/false question. Your score is the number of answers you gefright minus the
number of answers you get wrong. This corresponds to Box... i) I ii) Il iii) III@‘

iv) The 4 histograms below represent the probability histogram for the sum of 2 draws made at random with replacement
from each of the boxes in part (iii) above. For each histogram identify the appropriate Box (I, II, IIl or IV). Use each box
model exactly once.

Histogram A Histogram B Histogram C Histogram D
2 draws 2 draws 2 draws 2 drowe
ooy %0 - 53 -~ - = £
Box |V : Box ' ; | Box L1 Box |
sy S ]—f.le .5 | o i
1 i 30 l i L
- — 20 T 1 a 20 4 [
ﬁg ] { i zs'i | |
' ' 10 -y ! l ™ 10 po— I | I
i 10
; ﬂ,_L ‘ 1 L | |
S S— N ...5. 433« T A-}w«-g o o D ki T -y ke Aﬂ! ; T T T

v) The 4 histograms below represent the probability histogram for the sum of 100 draws made at random with replacement

from each of the boxes in part (iii) above. For each hlstogram 1deq?fyt e appropriate Box (], II III or IV). Use each box Q{Q
model exactly once. Bp A ewnd S50 most e TT o I 5[ l"
Histogram A -. &/Nglstogram B Hlstogram C Hlstogram D: S e s ‘

Sorag » PG &569

Ayessag « 9 5D . WL & SN, B e &
i : eaGH 2:_:}‘3, » §000 varage 4 000 50 » BI85
e i

“1

BOXE

AT 45 .26 O 0 an =g LB GH S EA

HINT—The Average and the SD given above each histogram is the EV and the SE oftg spm of 100 draws. E\/ AN a“/ﬁ

[

-

= |0 N.oN )
g;,o;\)”n.sozSESw {160 » Jl‘\ | | l(x)xo-S a 1o0-] 15
Box WV sp=1 . . Box ﬂauﬁ ' Bax Tauj



aade at random with replacement from the box containing 4 tickets: @ E] G-Vg =z 5

llest the sum of the 64 draws could possibly be is 1 2 _ and the largest is L4960 .
he 2 blanks above with the correct numbers.) _)( 2's oV 108

‘he EV (expected value) of the sum of the 64 draws? (Show workMswer.]
N[ = L ® X =
Nsgyu® N* av9 0 box 64 *5 =320 5

‘he SE (Standard Error) of the sum of the 64 draws? (SD of box = 3) (Show work, circle answer.)

5}um—;\l';\'1'ibgﬁbsxf,- \[T{)vg @

rormal approximation and to find the chance that the sum 01}100 al'aws will be below 4557 The EVsum=
the SEsum= 30 for 100 draws.

First calcuTate the Z score. Show work. Circle answer-. —
7 - veloe -V _ WM = 1S :L" LS;
T <E 30 20

i Now mark the Z score accurately and

Round the middle area given in the table to the ne hole number.
- 5’" e

uo\rl){«

the EV of the average of the 100 draws? S (no work is necessary) CV e 0“3 d Ld x

o ot

the SE of the average of the 100 draws? 0. 3 (Show work.) Ssew

s ’_é&ra—.:a,B
Y VP o

pose you draw at random with replacement from the same box above, but this time you're only interested in
rhow many 4's you get. What is the EV and the SE of the number of 4’s in 100 draws? (Hint: draw a new
(sum)

EV of the number (same as EVgym) of 4's in 100 draws = 5 Dﬁ (no work necessary) ba

6.5 hall the box (S 9s

p 2
0\13
| ol e aug )
DB | O (a0 (e s 8,7 7o
+iclete = DO ~0-
| SE of the number (same as SEsym) of 4's s 100 draws =__§ > L0

of the 100 draws. )

ng%“’ Sh~Nnm =05 wioo =(5]

1%






Part V: Sampling and Inference Chapter 10-11

Sample Surveys—

Random Samples are best for the same 2 reasons that randomized experiments are best:
1. They eliminate selection bias

2, They can be translated into box models so you can attach SE’s to your estimates.

Box Model for Sample Surveys:

e The box has 1 ticket for every person in the population.

e Arandom sample of n tickets is drawn from the box without replacement (because you don’t want to sample the
same person twice).

e Youknow the average or percent of your sample and you use it to estimate the average or percent in the whole
population.

e Of course, the average or percent in your sample won'’t be exactly the same as that of the population, because of
chance error (samples will vary because of the luck of the draw). As long as the sample size is big enough, the
probability histogram for the sample average and percent will follow the normal curve so we can attach SE’s to our
estimates and build confidence intervals.

e For small samples from approximately normal populations with unknown SD, the probability histogram of the
sample average (not percent) will follow the t distribution, so we can improve our estimates by using the t curves
to attach SE’s to our estimates to build confidence intervals.

Note: The size of the population doesn’t affect the accuracy of our estimates, only the size of the sample matters.
The bigger our sample size, the smaller the SE for averages and percents (smaller by a factor or the square root n).

This is apparent in the SE formulas for sample averages and percents because we divide the SD by \/1_1- ,wherenis
the sample size (not the population size)

Sample Questions: N
ple Q POP Si2e dceSh'+ M*"('e\f‘ —

1) City A has'1 mj people and City 3 has 9,¢m}¥mﬁeople A simple random sample ofﬁL_O ople is taken from City
A and asimple random sample of{9000 is taken from City B. Other things being equal the sample from City Ais

the sample from city B.

a) 9 times more accurate b) 3 times more accurate c¢) the same accuracy as d) 9 times less accurate @ times Jess accurate

< weller Smplz.' ﬁ L(;gg ol g [-) g = 3
2) A recent Pew Research Center Pl 4skéd a random-sample of 1,211 adults nat10nw1de the following questlon “Do you
think a woman should be able to get an abortion if she decides she wants one no matter what the reason.”

We posted the same question on last semester’s Bonus Survey. Here's the results of both surveys:

Yes No Sample Size
Pew Research Center 18% 82% 1211
Bonus Survey | 46% 54% 631

a)As you can see, the results of the 2 polls are quite different. Which survey gives a better estimate of the percentage of all
US adults who would answer “yes” to this question? Choose one:
i) The Pew Research survey because the sample size was larger.
ii) The Bonus Survey because we can be sure it was an anonymous survey.
C:l) The Pew Research survey because the people were randomly drawn from all adults nation-wide.

b) What is SE of the sample percent for the Pew Poll? Choose one:
i) It's not possible to calculate a SE for this sample because we don’t know the SD of the sample.
if) It’s not possible to calculate a SE for this sample because we don’t know the size of the population.
iii The SE of the sample percent is approximately 13.4%
@ The SE of the sample percent is approximately 1.1%

sg, = L8~ 00 = LI

\‘j_’_ 2Tl
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n
3) A recent Gallup poll asked a simple random sample of 900 adults nationwide how much they spent on Black Friday. The
sample average was $400 with a SD of $300.

a) What most closely resembles the relevant box model?
i) It has 900 tickets marked with "0"s and "1"s.
ii It has about millions of tickets marked with "0"s and "1"s..
@ It millions of tickets. On each ticket is written a $ amount. The exact average and SD are unknown but are
estimated from the sample.
iv) It has 900 tickets. The average of the tickets is $400 and the SD is $300.

b) 900 draws are made replacement.
Choose one: i) With ii) Without

2300 _ ¥,

: - < D__o(» b ox
c) What is the SE of the sample average? S EG“S = G

i) $300 @ iii) $3 iv) $0.33 v) $30,000.

d) A 92% CI for the true population average = $ 10 tL,_zg SE. y
Fill in the 2 blanks with the correct numbers. (Hint: Use the normal table for the second blank.) J‘g m

¢) To which of the following populations would the above 92% confidence interval apply? “Ls A>bS
% ﬁﬁ 32 g?i??tlses SCm pl& i onl M/?Mﬁ{" (Vg
fi)) 23 :11112312 i&l;lstsus adults o pep | ¥ was drawn LCrom—
e) Allofthe above net ¢ w ide P Op or @ %Ub@roop 6?
f) How would a 99% CI compare to the 92% CI we calculated in partd? POP

@lt would be wider b) It would be narrower c) It would be the same.

ymorte cConfy A@\‘% == widel IYL‘('QF\/ek

g) Suppose we wanted to use SE*, instead of SE to calculate our CI’s, you’d multiply your answer in part c above by

. [o00 _ [899 (300 . [400 +_ A SD LS ke
Nass s ™ Mz O = U - SD e semy

v) None of the above because you cannot use SE+ to calculate a Cl if you’re using the Normal Curve.

h) Suppose we had a small sample size (n< 25) with the same sample average and SD as above.
Should we use the t curves to compute Confidence Intervals?
i) Yes, because we know the SD of the sample.
ii) Yes, because we don’t know the SD of the population.
@V 0, because judging from our sample average and SD it’s highly unlikely that it comes from a normal population.

Check 3 condidons.
smq_“ Scr\-p(&, /

nov el pb{y X
(.Ar\k/laus/\ Pep SP /
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<= (s n_c.{‘é‘UAVC{.L
n=10 Dap = W;Umns ar,iu(

4) A CBS News Poll asked a random sample of 1,600"adults nationwide the following question: "Do you think the
distribution of money and wealth in this country is fair or you do you think wealth should be more evenly

distributed among more people?" 26% answered “Fair”

a) What most closely resembles the relevant box model?
a) It has 1600 tickets, 26% are marked "1" and 74% are marked "0"
b) It has 1600 tickets with an average of 0.
@It has millions of tickets marked "0" and "1", but the exact percentage of each is unknown and estimated from
t

e sample. noll  box 'C'lbac\(g represests Hhe pPop .
b) The draws are made replacement. a) With @Without

c) Which one of the statements below is true?
a) The expected value for the percent of registered Democrats who would answer “Fair” to the question is 26%.

b) The expected value for the percent of corporation executives who would answer “Fair” to the question is 26%.
TR « ) . .
c¢) The expected value for the percent of Chicago residents who would answer “Fair” to the question is 26%.

d) All of the above are true. s netonwidel
@ None of the above are true. G \ "3 do

o

d) Is it possible to compute a 95% confidence interval for the percent of all US adults who would answer “Fair” to the question?

Z*=2 g = _
Yes, a 95% confidence interval is approximately 26% +/- 1.1% Qs / c)-= ,.5@\‘)&;, Z + 9\ S\;

i)
ii) Yes, a 95% confidence interval is approximately 26% +/- 2.2% . )
iii) No, because we’re not given the SD of the sample. =206 / . +* j; ( 3 'D
iv) No, because we cannot infer with 95% confidence the answers of 200 million Americans from data based on a
sample of only 1,600 randomly selected Americans. -\ Nk (97 - .
p y y gE‘/‘_il_'z_(. = .17

e) If 1000 people all took random samples of 1600 and computel 95% CI’s, about how many of‘tﬁ%?r intervals would
capture the true population percent? 6.9 S x 080 = Se

i) All of them ii).9999 iii) 995 (iii) 950, iv) 10 v) 50 vi) 100 vii) Impossible to predict.

f) If the researcher decreased his sample size by a factor of 4 (to n=400) then the width of the 95% confidence interval

would ... Ny >s¢ T = wrder rn4ecyel

<1f))‘mcrease by a factor of 2 ii) increase by a factor of 4 iii) decrease by a factor of 2  iv) decrease by a factor of 4

g) If our sample size was small (n < 25) would it be appropriate to use the t curves instead of the Normal curve to

compute CI's? P mz.L
i) Yes @NO, it's never appropriate to use the t curves with 0-1 data P__"’? ol ot Nolm . e«L + . /
. —  _mnd SDis o /.

5) To estimate the average IQ of students at a large public high school of 2000 students, a random sample of 17 <D =

students is taken. The sample average = 102 with a SD =16. Compute a 95% CI using the t distribution. e
E e - - \pG-p)
) SE e - < = “( ?
a) SE+ = — : =
-t - NG

b) How many degrees of freedom? _J_(a S/
n-t=11-1 =16 t CU("{{' u:“H‘ l(";L P
c¢) Whatis the t* (the critical value of t)?1' 1% (use the t-table in your notes) . ——
q93.52 o4 ¥ \\\ i
d)95%Cl=(____ to .. ) Put the lower number first. . , /-
L6923 to  1ep+ 2au(d) \ as/. N *
——— 2 12—
\ n .9 - 2.4
Se”>sot N T, 21

K -1

Cdixji'“r\»é Nomerctr ¥ C‘Q”!OY"‘M(—”{ bi \J7\> 19



QPmemk@L m a-c error -z Z S g efr Use QOCN\‘L 2
IUO:Z ~ SV

ol 5 . e
Choosing how many people to poll —FU\( . Y1+ Mo € J

6) In a pre-election poll in a close race, how many people would you have to poll to get %g SD=10.5)

a)a95%CIw1tha3%marg1noferror'7 H‘€€ = =) /]5”12—
b) an 8 A»CIwntha3%ma'¥m oferr(% ’)— ‘ N

n = (\%LO- = "'[('q yy er 1

c) Let’s say the SD = 0.4, would we need more or less people than we did assuming the SD=0.5?
i) More (ii) Lesg) iii) Same

Part VI Significance Tests - are statistical checks to decide whether some difference we observe is “real” (due to
some particular cause) is just due to chance variation.

Chapters 12-The one sample Z Test
Observed — Expected

SE
Look at the sampling distribution of Z under the null and see how likely it would be to get our data or something even more
extreme if the null were true. That’s called the p-value.
The convention is to reject the null when p < 5% and call the result “statistically significant” and when p <1% call the
result “highly significant”. There’s no particular justification for those values. In other words, a p-value of 4.9% isn’t really
much different than a p-value of 5.1%, people just like to draw the line somewhere.

Z test-statistic =

1) Ellen thinks she has no musical ability but Karle thinks she does. To find out Ellen took a musical memory test online
that had_3’6_guest10ns For each question she had to choose whether a sequence of notes were the same or different. She
answered 24 of the 36 questions correctly. The null hypothesis is that she was just guessing.

a) Which of the following most accurately describes the null box? 2 &t box for a <t hg/&' P,Qﬂ L\g
i) Ithas 36 tickets, 24 marked "1" and 12 marked "0"
u] It has 36 tickets marked either “1” or “0” but the exact percentage of each is unknown.
{ m} It has 2 tickets, 1 marked "1" and 1 marked "0"

b) The draws are made replacement. G) with ) ii) without
Assuming the null hypothesis to be true, you would expect Ellen to answer questions correct, give or take____
questions.

c) Fill in the first blank in the above sentence with the correct expected value.

i) 12 @ iii) 21 iv) 24 v) 18
‘ 200, $-3

d) Fill in the second blank in the above sentence with the correct SE. SEsgy ~" \IT\ S D 55% %

i1 i) 2 @ iv) 4 V)5
. b _

. 24-1% ;,
e) The Z -statistic for testing the null hypothesis is z 2 ‘Sb S— E);S o S.‘b/.s'uw < g‘ - 3
i) 6/SE for the average (ii) 6/ SE for the sum iii) 7/SE for sum iv) 6/SD of the box .
f) The p-valuefor-the one-sided alternative is ... | /qS- Nag ! .
I 2s% ) i)5% iii) 16% iv) 21% v) 11.5% P 5 /¢ 2 g ~
. e {
g) Suppose our sample size was < 25 would it be appropriate to use a t-test here? .
a) Yes t-te.t eoh rega be Ose d On O\ n;u(\ LGXM.

20



A= L. ¥
2) An internet access company that serves millions of customers claims that it takes an average of only 1.8 attempts to
connect with the@we, but customer. kes more. To test tie company’s claim, a consumer advocate looked at a

random sample gf 200 connections and recorded the number of attempts requir stablish each connection. The
average of the 400 observations is 2.1 and thte’S,_ is 5. O )

a) What is ypothesis?
Dpu=18 i) u>1.8 iii) u#1.8 iv) X=1.8 v) X>1.8 vi) X#1.8

b) What is the alternati pothesis?
Du=18 A) u>1.8 )iii) u#1.8 iv) Xx=1.8 v) X>1.8 vi) x#1.8

¢) The null hypothesis box is best described as:
i) containing millions of tickets, each marked 1 or 0, where 1 denotes that a connection was made.

ii)._ containing 400 tickets, each marked 1 or 0, where 1 denotes that a connection was made.
containing millions of tickets with whole number values such as 1, 3,5, 2, ...
iv) containing 400 tickets with whole number values such as 1,3,5,2 ...

d) The average of the null hypothesis box is: @ b) 2.1
e) The SE of the sample ¢ ge-is.closest to: - SD —"'.‘.‘ z 6,3 S
a) 0.05 b) 0.25 ) 0.50 d) 5.0 e) 20.0 3& ‘-(-5()’0'
f) The Z-statistic is closest to: ) N1,
a) 0.15 b) 0.12 c) 0.6 d)@ 960 /= )___\_F._l- 1.2
o.2%
g) The p-value is closest to: a) 77% b) 23% @/n
Ny sl
h) The critical value (Z*) to reject.t i1l (for a one-sided test) at significance’ Tebele =0.05 15 closest to ..
a)l  b)13 c)165'\,, d) 2 3)2.5 S'/
' I QO/

) Conclusion
i a) Reject the null, there is very strong evidence that the company’s claim is false and-tl-re“aserage number‘c:f
attempts is greater than 1.8
b) Cannot reject the null, it's reasonable to think that observed difference could is simply due to chance.
volwe 3 pot Leao then )/ go o mucé/ujq:tf ny {/
Would it be wrong to do a t-test here?
a) Yes, because the sampling distribution of the mean never follows a t-distribution when n=400.
@ Not wrong, just unnecessary, because the t-distribution is extremely close to the normal distribution when n=400.

- ehen nzt6  cLT  Kicksup
—C - 2 ae V(rtfl U€r7 C

L 4

{Uul
an d
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Chapter 13: The t test

W use the SE+ and the t distribution when we have: This means you NEVER usethe t testwhen
1. A small sample n <25 the population (null box) is 1’s and 0’s since
2. The population (contents of the box) roughly follows the the population isn’t normal and ¢ is tied to
normal curve the sample percent so it's not completely
unknown.

3. o, the SD of the population (null box), is unknown, all you
know is the SD of the observed sample.

When the sample size is small, using the sample SD to estimate the SD of the box is not very accurate. It’s likely to

n
be too low so we use SD* = — “/_

Vn-1

Observed avg- Expected avg where SE* = SE* SD* SD

SE:E avg avg = \/H = ln _1

When the nullis true the sample distribution of the t statistic follows the t curve with n-1 degrees of freedom.

X SD instead. SD* > SD but the difference becomes negligible as n gets large.

t — statistic =

1) A factory that packages C()é/ﬂakes is supposed to put the flakes in the boxes so that the boxes weigh an avﬁge of 16
ounces and a standard deviatfon of 1 ounce. An inspector randomly chose 12 boxes from one day's output of 2500 boxes.
These 12 had an average weight of 15 gunces. The inspector wishes to test t W null hypothesis that the factory is doing (J.nrb
what it is supposed to on this day.

a. Which of the following best describes the null box? £ a»pl'
i) The box has 12 tickets, with an average of 180/12 = 15 ounces.
ii) The box has 12 tickets, with an average of 16 ounces.
iii) The box has 2500 tickets, but we do not know exactly the average.
iv) The box has 2500 tickets, with 16% 1's and 84% O's.
@ The box has 2500 tickets, with an average of 16 ounces.

b. The SE for the average of the draws is closest to

- 1 :
) 0367 ¢ ii)0.288 iii) 3.46 iv)4  v).02 SQ«S' % =— =028¢

-

c. What test statistic would you use? We know & (s0 ,(f po P) so (we uA Z..

)ai' z-statlsy ii) t-statistic

d. The teststatisticis -3.47. What conclusion do you draw?
i) Accept the null hypothesis.
1_] There is not enough evidence to suspect there is anything wrong. ) |
m} Reject the null hypothesis, there is strong evidence that the factory is not doing what it is supposed to. n < 17 p
"iv) The p-value is larger than 5%. i

2) Now suppose the factory makes the same claim as above, that the boxes weigh 16 ounces on the average, but the factory
doesn’t make any claim about the SD. Instead, the inspector computes the SD of the 12 boxes and finds the SD =1 ounce

a) What is the best estimate of the SD of the 2500 boxes? .
i)1 ounce (ii 1.04§ounces iii) 1.4 ounces 3 0* z \(—'/1‘;]— » I —=1.0 q\"

b)What test statistic should the inspector now use?

i) z-statistiq" i) t-statistic
. S—— | - [2- 46—1
c) If he decides to use the t-statistic, howmany degrees of freedom are there? [} = - v
) 2499 i) 12@ NG
d) What is the value of the t-statistic? ‘t obs-ex) s IS ¢ = .2
0 -3.3 ii)-3.47 i) -3.9 = —g = ¥ —

1,04} .

ov [;',}L — '3.3

i) ftest ii) Z test iii)they always yxeld exactly the same p-value

lwege b/ ocee of e [ ond —
dj’f“’,,cué\% S T T

e) Whi(ﬁt yields a larger p-value for the same data, the t-test or the z-test?
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Chapter 14 and 15— 2 sample Z and t-tests used to compare averages of 2 populations. Only the Z test
can be used to compare to population percents.

Same conditions hold for 2 sample t-tests as for 1 sample t-tests:
e Unknown SDs in the population,
e Close to normal populations
e Small sample sizes. (It’s not wrong to use t for larger samples, it’s just not needed usually. )

H, : 2 populations have the SAME average or percent (only use Z for percent);
2-sided H, is that they’re not the same, 1-sided H, specifies which is larger.

_ Observed difference in the 2 samples — Expected difference  Observed Difference . :
Z stat = = since Exp diff=0

SE

difference SEdifference
The t stat is the same except it uses SE” instead of SE and df= n-1 where n is the size of the smaller sample.

SE difference is the square root of the sum of the squares of each sample’s SE (or SE+)

For 2 independent samples one randomly drawn from population 1 and the other from population 2 the SE of their difference is:
2 2
= SD? SD?
SE,; =+/SE’+SE? = 5D, + L2 +—
2 2
2 2 S
SE* =4/(SE})’+(SE;)’ = D, + 5D, =
: : Jdn=1) |yn,-1

1) A study fo see if teenage girls spend/more fime on their phones than teenage boys do took a nation-wide random sample of 25
girls an oys and found the followmg ,

Girls Boys

) Average hours per day 5.5 hrs. 4.5 hrs.
e~s Jeo/
2"Y xué ﬂ ; SD 2 hrs. 2 hrs.

H.: He e 7 Mg .
a) The null hypothesns is that the average phone time per day for girls _ == average phone time for boys in the FZGQ .
Fill in the first blank with @ ii) > iii) < and the second blank with i) sample Cﬁ)population.

b) Which of the following most accurately describes the null box(es)?
i) There is one null box with 45 tickets, 25 marked "1" and 24 marked "0"
ii) There is one null box with millions of tickets each marked with the amount of phone hours per day
iij) There are 2 null boxes, each with millions of tickets. One box has an average =5 and the other has average =4
d}’There are 2 null boxes, each with millions of tickets. On each ticket is written the amount of phones hours per day.

The 2 boxes have the same average. /L/ c ™ A
v) There are 2 null boxes, each with millions of tickets marked "0" and "1".
¢) First we’ll do a Z-test even though the samples are relativel SE of the difference of the 2 sample averages is
i)0.42 ii)0.18 ii)0.3 iv)0.3 vO6 TR
) ) iii) iv) ) .= | __,_ 2 * s - \j}G:O'é?
30

d) The Z statistic for testing the null hypothesis.i sest to
i)0 i) 1 iii) 1.63 iv) 1.67 v) 1.71

ch/bfj" J*??*_’ff 5.5-4.5 .;QH‘
S d:(—t/’ 0.G 4
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¢) The p-value is 4.75%. If the significance level is set at 5%, we would
i) Reject the null and conclude girls spend more time on the phone than boys do 95.25% of the time. .
/7ii) Reject the null and conclude that if the average phone time were the same for girls and boys in the population,
probability that we’d see a one hour higher average or more for girls in our sample is less than 5%.
iiii) There's good evidence that there is no difference between the amount of time boys and girls spend on their phones in

the population.
f) Suppose we had chosen a 2-sided alternative hypothesis at the start of the problem. What would be our p-value?
415/ * 2 =375
2) Suppose you wanted to use SE+ and the t-test instead of the Z test to test the same null and alternative as in (1) above.
H0 :H'Gnrls = “‘Bo_\'s Ha :uGirls > uBoys
s - A2, 2> = \[Ta77 = 0.61Y
- \Eytig TR :

‘_)/2+2 _i)/4+4 ,_)[2+2 674*4 .
—_— _— 1 —_— o 111 - _— \" |1— == ¥ I _
20 25 20 25 19 24 A9 " 24 197 ' 242

-

b) The t statistic for testing the null hypothesis is closest to i) 0 ii) 1 @ iv) .67 v) 171
R T T

c) To find the p-value you’d look at the t curve with l 9 df.

(J'F-v' ']r’\~l Cw\\q& n re # a S/}m/[é/ S&‘\n‘p/é.)
= 2.0 -]

d) The critical value t+ for rejecting the null at a= 0.05 for a one sided alternative = 1 . 7 3

e) Your t stat L t* ,so you L b‘}’;he null. o é— t* = '.:-I Sy
"%@o t’ﬁ“g{“’

Fill in the first blank with > or < and the second blank with reject or cannot reject.

.G 3 Z 1,713 go Conast Ne C(,IC Jh u,jl/~

0u_r P’\(’Llub > *S-/

f)ythe p-value using the t test is > the p-value using the z test?

i)> ii)< iii)= iv) Not enough info

A
p-valve usng t-tut > povelue usi e Z-te
De Cause 4+ heS #aff‘é’/" fa:‘/S

» < —+ 2 iy
, / o ] - 6111 ‘
Ond /D*vc,/ué S alcu 24




1) A certain University has 10% freshman, 20% sophomores, 30% juniors and 40% seniors. A group of 200 students are
chosen for a survey. The group has 30 freshman, 40 sophomores, 60 juniors and 70 seniors. The null hypothesis is the

students were chosen at random.

Expected Percents Observed # Expected #
( Freshman 10% 30 .10 (260) =20 z (_,_)h S —C)‘(_h
{1 ) Sophomores | 20% 40 L0 (oo =40
‘)(1 Juniors 30% 60 60 eXP
&V || Seniors 40% 70 80 1
Total 100% 200 200 TR -

a) To test the null hypothesis thatthe-students were chosen at random we’d do
the chi-square test for "goodness - ¢

the chi-square test for independence
the one-sample z test
the two-sample z test

The table above is missing 3 values. Fill in the missing values by answering the following 3 questions:
i ?
b) What is the ex@ number of freshman? 1o x200 =2 6

-i) 10 iii) 30 iv) 40 v)50
c) What is the expected number of s mores? 6 X200 = 4o
)10 i) 20 i) 30 i v) 50 e

§

. The term for seniors is mlssmg, what should it

d) To compute the proper test statistic you'd sum 4 terms: 5+0+ 0+ "

be? : —exy)” (O~ - 10O s
Do )1 Gii) 1.261 iv) 143 v)25 (—O}’i— - " o =12
i) 1) 1 ({ii) Zﬁ"_ iv) v) ST q o Ko

€) The number of degrees of freedom is
i) 2 Cﬁ; iii)4 iv)5 v)6 4 &= “cd’e%d*u\d’ ~l - 4Y-1="3

f) What do you conclude?
i) Reject the null because p < 5%  ii) Reject the null because p > 5% Cannot reject the null because p ?’5%

A2 - G028 d¥=3 — e deble <o #mLpzxo/

2) A simple random sample of 148 Stat 100 students were asked whether or not they thought they would ever use
statistics again in their lives. Assume the students were chosen from a population of 2000. The following table gives the

results:
Would use Would not use
Men 47 21 Cy
Women 64 16 ¢ O

|1 7 48
The chi-square statistic to test the null hypot?esis that sex am}( anticipated use are independent is 2.32,

a. To compute this statistic, expected frequencies were calculated. What is the expected frequency for the men who answer

"would ugg*? dotel Aama Foe (
@ b) 47 c) 44 ro tovel ¥ codhe _ GXl Y

b. How many degree of freedom does the chi-square statistic have?

a) 1 b) 2 03 at df (- )=

c.Canyo;n;zictthenu:l‘kj.}gpl\l_(r;l}_esw? ‘ 7 - 2’33 J‘P-r‘ | P is uweeh \/O/ -L?)O

| -~

—

f we had done a 2 sample ;test with a 2 sided Ha, would we have gotten the same exact p-value?
es ii) No, we would have gotten half the p-value iii) No, we would have gotten twice the p-value
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3) The table below shows the results of a recent nationwide poll of Hispanic adults who were asked;

"All in all, do you think the situation for the younger generation of Hispanic or Latino Americans is better, worse, or about
the same as their parents' situation was when they were the same age?"

You may assume that the data are from a simple random sample of 200 people, of whom 100 were over 35 years old and
100 were 18-34 years old.

18-34 Over 35
Better 49% 39%
Worse 37% 45%
Aboutthe same 14% 16%

To answer the question of whether the answers are really different for young and old adults, you use
i) the one-sample z test

ii) thetwo-sample z test
iii) the chi-square test for "goodness-of-fit" which specifies the contents of the box
@ the chi-square test for independence

Chapter 17--Significance tests can only tell you whether or not a difference is likely to be due to chance, not whether a
difference was important or what caused the difference, or whether the experiment was properly designed

By definition, significant Results will appear by chance with enough tests. A p-value of 5% means that even when the null is
true, you'll reject it 5% of the time.

1) ich of the following does a test of significance deal with?
a./ Is the difference due to chance?

b. [s the difference important?
c¢. Was the experiment properly designed?
d. What are the probable causes of the difference?

2) 100 investigators each set out to test a different null hypothesis. Unknown to them, all the null hypotheseshappen to be
true.

a. About how many of them would you expect to get statistically significant results?
i. None, if they did the test correctly they would all confirm that the null hypothesis is true.
ii. 1 O.05 » 700 = S
ifi.
=1iv. 95
v. Impossible to predict.

b. About how many of them would you expect to get highly statistically significant results?
i. None, if they did the test correctly they would all confirm that the null hypothesis is true.
@ O Ol 100
iv. 95
v. Impossible to predict.
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3) A significance test is performed to analyze the results of a randomized experiment to determine whether students learn

more or less from watching a lecture online compared to attending the same lecture in person. Subjects are randomly
a551gned to treatment (online lecture) and control (in person lecture) and then given the same exam afterwards.

a) What are the null and alternative hypotheses?

H, Chooseonel DM, —p, =0 ii) pu,—p, >0 i) B, —p <0 iv) B, —p #0
H,: Choose one: i) 1L, —W, =0 i) u,—u. >0 i) p,—p, <0 :T?)Eut -n. %0

b) A significance level of .= 0.02 means when-the null is true the probability of making a Type I error=

Circle one: 1) 0% ii) 1% @2)‘% iv) 4% v) 96% vi) 98%  vii) not enough info

and when the null is false the probability of making a Type Il error = '

Circle one: i) 0% i) 1% iii) 2% iv) 4% v) 96% vi) 98% @ot enoughinfo
¢) If we set 0=0.05 (null cut-off at 5%) for a 2-sided H, then the critical value of our test-statistic, Z*=

Choose closest answer. i) 0.85 ii) 1.3 iii) 1.65 iv) 2 / 2. 35 - v1) 2.6

okh +ails xﬁ% <
d) Repeat (c) above with a lede_kgf;pmg all else the same. Choose closeSt answer. —«F!b
-

i) 0.85 ii) 1.3 i11)165 >/ iv v)2.35 vi) 2.6 - 1
)Kzf/ 'l tel| -5 Y

N
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STANDARD NORMAL TABLE

Area Height
(percent) (percent)

-z 0 z
Standard Units
Z Area Z Area Z Area
0.00 0.00 150 | 86.64 3.00 | 99.730
0.05 3.99 155 | 87.89 3.05| 99.771
0.10 7.97 1.60 | 89.04 3.10 | 99.806
0.15| 11.92 1.65| 90.11 3.15| 99.837
0.20 | 15.85 1.70 | 91.09 3.20 | 99.863
0.25| 19.74 1.75| 91.99 3.25 | 99.885
0.30 | 23.58 1.80 | 92.81 3.30 | 99.903
0.35| 27.37 1.85| 93.57 3.35| 99.919
0.40 | 31.08 1.90 | 94.26 3.40 | 99.933
045 | 34.73 1.95| 94.88 3.45| 99.944
0.50 | 38.29 2.00 | 95.45 3.50 | 99.953
0.55| 41.77 2.05| 95.96 3.55| 99.961
0.60 | 45.15 210 | 96.43 3.60 | 99.968
0.65| 48.43 215 | 96.84 3.65| 99.974
0.70 | 51.61 220 | 97.22 3.70 | 99.978
0.75 | 54.67 2.25| 97.56 3.75 | 99.982
0.80 | 57.63 2.30 | 97.86 3.80 | 99.986
0.85| 60.47 2.35| 98.12 3.85| 99.988
0.90 | 63.19 240 | 98.36 3.90 | 99.990
0.95| 65.79 245 | 98.57 3.95| 99.992
1.00 | 68.27 250 | 98.76 4,00 | 99.9937
1.05| 70.63 255 | 98.92 4,05 | 99.9949
1.10 | 72.87 2.60 | 99.07 410 | 99.9959
1.15| 74.99 2.65| 99.20 415 | 99.9967
1.20| 76.99 270 | 99.31 420 99.9973
1.25| 78.87 2.75 | 99.40 4.25| 99.9979
1.30 | 80.64 2.80 | 99.49 430 | 99.9983
1.35| 82.30 2.85 | 99.56 4.35| 99.9986
1.40 | 83.85 290 | 99.63 440 | 99.9989
1.45| 85.29 295 | 99.68 445 | 99.9991




Chi-Square Table

10 -

15 2

Chi—s

quare

Degrees of freedom{ | 30% | 10% 5% 1% 0.1% | < p-value

1 1.07 | 271 | 3.84 | 6.63 | 10.83

2 241 | 461 | 599 | 9.21 | 13.82

3 366 | 6.25 | 7.81 | 11.34 | 16.27

4 488 | 7.78 | 9.49 | 13.28 | 18.47

5 6.06 | 9.24 | 11.07 | 15.09 | 20.52

6 7.23 | 10.64 | 12.59 | 16.81 | 22.46

7 8.38 | 12.02 | 14.07 | 18.48 | 24.32

8 9.52 | 13.36 | 15.51 | 20.09 | 26.12

9 10.66 | 14.68 | 16.92 | 21.67 | 27.88

10 11.78 | 15.99 | 18.31 | 23.21 | 29.59

11 12.90 | 17.28 | 19.68 | 24.72 | 31.26

12 14.01 | 18.55 | 21.03 | 26.22 | 32.91

13 15.12 | 19.81 | 22.36 | 27.69 | 34.53 _
14 16.22 | 21.06 | 23.68 | 29.14 | 36.12 | < Chi-square
15 17.32 | 22.31 | 25.00 | 30.58 | 37.70

16 18.42 | 23.54 | 26.30 | 32.00 | 39.25

17 19.51 | 24.77 | 27.59 | 33.41 | 40.79

18 20.60 | 25.99 | 28.87 | 34.81 | 42.31

19 21.69 | 27.20 | 30.14 | 36.19 | 43.82

20 22.77 | 28.41 | 31.41 | 37.57 | 45.31

21 23.86 | 29.62 | 32.67 | 38.93 | 46.80

22 24.94 | 30.81 | 33.92 | 40.29 | 48.27

23 26.02 | 32.01 | 35.17 | 41.64 | 49.73

24 27.10 | 33.20 | 36.42 | 42.98 | 51.18




Student’s curve, with

degrees of freedom shown Student’s t-TABLE The shaded area is

shown along the top
at the left of the table of the table

\ I
1 /

1

1

1

1

t ltJSozr;otg Thlg :ggle
Degrees of

freedom 25% 10% 5% 2.5% 1% 0.5%
1 1.00 3.08 6.31 12.71 31.82 63.66
2 0.82 1.89 2.92 4.30 6.96 9.92
3 0.76 1.64 2.35 3.18 4.54 5.84
4 0.74 1.53 2.13 2.78 3.75 4.60
5 0.73 1.48 2.02 2.57 3.36 4.03
6 0.72 1.44 1.94 2.45 3.14 3.71
7 0.71 1.41 1.89 2.36 3.00 3.50
8 0.71 1.40 1.86 2.31 2.90 3.36
9 0.70 1.38 1.83 2.26 2.82 3.25
10 0.70 1.37 1.81 2.23 2.76 3.17
11 0.70 1.36 1.80 2.20 2.72 3.11
12 0.70 1.36 1.78 2.18 2.68 3.05
13 0.69 1.35 1.77 2.16 2.65 3.01
14 0.69 1.35 1.76 2.14 2.62 2.98
15 0.69 1.34 1.75 2.13 2.60 2.95
16 0.69 1.34 1.75 2.12 2.58 2.92
17 0.69 1.33 1.74 2.11 2.57 2.90
18 0.69 1.33 1.73 2.10 2.55 2.88
19 0.69 1.33 1.73 2.09 2.54 2.86
20 0.69 1.33 1.72 2.09 2.53 2.85
21 0.69 1.32 1.72 2.08 2.52 2.83
22 0.69 1.32 1.72 2.07 2.51 2.82
23 0.69 1.32 1.71 2.07 2.50 2.81
24 0.68 1.32 1.71 2.06 2.49 2.80

25 0.68 1.32 1.71 2.06 2.49 2.79
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