Inference
Thus saith the great king of Assyria, “What confidence is this wherein thou trustest?”
– 2 Kings 18:19
Test everything; hold on to what is good, but reject every kind of evil.
– 1 Thessalonians 5:21-22

Instructions
• Familiarize yourself with these problems before we go over them together in class.
• During class time, each student is expected to be ready to participate as we complete this project.
• Fill in your answers, using the correct notation.
• This portion is worth

% of the project’s grade, but it does not need to be turned in.

• On the due date, there will be a short in-class portion to determine

% of your grade.

1. A frustrated listener wants to estimate the percentage of time a radio station spends on promotion,
jingles, and commercials, as opposed to real programming. At random times throughout a week, he
turns on the station and notes whether promotional content is playing at that instant. Here are the
results of the sampling:

• promotional:
• real content:
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(a) Understand the problem and make a plan.
1 sample | 2 samples | matched pairs | scatterplot

µ|p|σ|ρ

HT | CI | regression

(b) TI calculator function:
Answer: 1propZint
(c) point estimate
Answer: p̂ =

40
117

= .342

(d) 95% confidence interval
Answer: (.256, .428)
(e) margin of error
Answer: .086 = 8.6 percentage points
(f) For the observed point estimate p̂, what sample size is required to reduce margin of error to 5
percentage points? (use trial-and-error)
1

i. 200

ii. 250

iii. 300

Answer: 120/350 gives a CI of (.293, .393)

2

iv. 350

v. 400

2. Two mail carriers are being evaluated on the regularity of their delivery times to specific addresses
on their respective routes. Use the sample statistics to determine if there is a significant difference.

n
x
s

Newman
55
11:10
28

Cliff
62
10:45
16

(a) Understand the problem and make a plan.
1 sample | 2 samples | matched pairs | scatterplot
(b) TI calculator function:
Answer: “regular” means consistent, so 2sampFtest
(c) null hypothesis:
Answer: H0 : σ1 = σ2
(d) two-tailed alternative:
Answer: H1 : σ1 6= σ2
(e) effect size (observed difference):
Answer: 28 − 16 = 12 minutes
(f) p-value:
Answer: .0000312 (H0 not plausible)
(g) With α = .05,
(reject) | (fail to reject) H0
effect (is) | (is not) statistically significant
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µ|p|σ|ρ

HT | CI | regression

3. The “Trial of the Pyx” is the English procedure (held since 1282 AD) for ensuring that newly minted
coins conform to required standards. Suppose a gold coin is supposed to weigh 3/8 ounce. Here are
weights of eight coins randomly sampled from the mint during the last year.
.37396, .37587, .37443, .37498, .37513, .37421, .37354, .37462
Determine if the sample mean differs significantly from the standard.

(a) Understand the problem and make a plan.
1 sample | 2 samples | matched pairs | scatterplot

µ|p|σ|ρ

HT | CI | regression

(b) TI calculator function:
Answer: ttest
(c) null hypothesis:
Answer: H0 : µ = .375
(d) two-tailed alternative (heads will roll!):
Answer: H1 : µ 6= .375
(e) sample mean:
Answer: x = .3745925 (like office space, skimming a little bit adds up)
(f) p-value:
Answer: .1594 (H0 reasonably plausible)
(g) With α = .05,
(reject) | (fail to reject) H0
effect (is) | (is not) statistically significant
(h) Suppose there were 75, 000 such coins minted last year, and let µ be their average weight.
Using the TI calculator function:

,



a 95% confidence interval for µ is 

,

.

Answer: tint (.37398, .37520)
(i) Is 3/8 oz. inside the confidence interval?
Answer: yes
(j) The population size is

, but that is

Answer: 75000, irrelevant
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to questions of inference.

4. According to http://www.lshtm.ac.uk/newsevents/news/2015/tamiflu_study.html, “treating adults
having laboratory-confirmed influenza with Tamiflu reduced the duration of symptoms by 20% compared with placebo (98 hours as opposed to 123 hours)”. Suppose this randomized controlled trial
(RCT) had a total of 80 participants, split evenly into treatment and placebo groups, and the variances in symptom duration were 256 and 324 respectively. Is the effectiveness of Tamiflu statistically
significant at the α = .01 level?

(a) Understand the problem and make a plan.
1 sample | 2 samples | matched pairs | scatterplot

µ|p|σ|ρ

HT | CI | regression

(b) TI calculator function:
Answer: 2sampttest
(c) null hypothesis:
Answer: H0 : µ1 = µ2
(d) one-tailed alternative:
Answer: H1 : µ1 < µ2
(e) effect size:
Answer: 123 − 98 = 25 hours
(f) p-value:
Answer: 2.74E − 9
(g) With α = .01,
(reject) | (fail to reject) H0
effect (is) | (is not) statistically significant
(h) Using the TI calculator function:

,

a 99% confidence interval for the effect size can be written as

±

.

Answer: 2samptint 25 ± 10.06 hours
(i) Suppose the population size of flu suffers that took Tamiflu is 25 million people. Does that affect
any of your previous answers?
Answer: no, population size doesn’t matter
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5. A clairvoyant claims the ability to correctly guess the suit of a card drawn from a shuffled deck.
In experiments, she correctly guessed the suit in 91 out of 300 attempts. Decide whether this is
compelling evidence of ESP.

(a) Understand the problem and make a plan.
1 sample | 2 samples | matched pairs | scatterplot

µ|p|σ|ρ

HT | CI | regression

(b) TI calculator function:
Answer: 1propZtest
(c) null hypothesis:
Answer: H0 : p = .25
(d) one-tailed alternative:
Answer: H1 : p > .25
(e) effect size:
Answer: .303 − .25 = .053
(f) p-value:
Answer: .0164
(g) With α = .05,
(reject) | (fail to reject) H0
effect (is) | (is not) statistically significant
(h) Based on this test, are you convinced that Miss Cleo has ESP ?
Answer: She could have gotten lucky. Experimenter bias: NNNNYNY, call the first four
practice. Could have survivor bias; maybe 20 psychics were tested and she did the best.
(i) Suppose follow-up studies tried to replicate the findings, but with the larger sample size, Miss
Cleo’s performance was no longer significantly better than expected. Then it is likely that the
original “significance” was a Type

error, i.e. a false

Answer: I, false positive
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6. When the price of a bottle of wine is unknown to the drinker, is there a relationship between the
price and the enjoyment of consumption? See for reference:
“Do More Expensive Wines Taste Better? Evidence from a Large Sample of Blind Tastings”
For this study, the independent variable x represents the (logarithmic) price of the wine, and y the
subjective enjoyment (1=bad, 2=okay, 3=good, 4=great).
Consider the “expert” tasters’ mean rating for several bottles of wine:
x
y

1.99
2.55

2.07
2.68

2.25
2.41

2.68
1.90

2.84
2.16

3.01
2.18

3.48
2.72

3.91
2.19

(a) Understand the problem and make a plan.
1 sample | 2 samples | matched pairs | scatterplot

4.10
2.99

4.62
3.87

5.05
3.14

µ|p|σ|ρ

6.50
3.21

HT | CI | regression

(b) TI calculator function:
Answer: linregttest
(c) null hypothesis:
Answer: H0 : ρ = 0 (no correlation)
(d) two-tailed alternative:
Answer: H1 : ρ 6= 0
(e) sample correlation
Answer: r = .641
(f) p-value
Answer: .0247
(g) With α = .05,
(reject) | (fail to reject) H0
effect (is) | (is not) statistically significant
(h) Write the equation of the linear regression line.
Answer: y = 1.73 + .264x
(i) Predict the experts’ rating of a wine that had a cost x = 4.50.
Answer: ŷ = 1.73 + .264(4.50) = 2.92
(j) Now consider this scatterplot of the individual ratings given by n = 150 “non-expert” tasters.
The p-value associated with H1 : ρ 6= 0 is 0.413.
The slope is
The y-intercept is

.
.
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The correlation is

.

√
Answer: −.0359, 2.42, − .00201654 = −.0449
(k) Is the correlation between price and the non-experts’
rating statistically significant?
Answer: no, p-value is large .413 > .05
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7. A recent report by the World Health Organization (WHO) showed a link between bacon consumption
and the occurrence of certain cancers. Digging in to the details you find that the lifetime cancer
mortality risk was 5.1% for those that ate no processed meats, and 6.0% for those that ate the equivalent
of two slices of bacon daily. For the sake of argument, suppose there were 10 thousand people in the
“no bacon” group, and 20 thousand in the “lots of bacon” group. Is the observed difference in
cancer rates statistically significant ?

(a) Understand the problem and make a plan.
1 sample | 2 samples | matched pairs | scatterplot

µ|p|σ|ρ

HT | CI | regression

(b) TI calculator function:
Answer: 2propZtest
(c) null hypothesis:
Answer: H0 : p1 = p2
(d) two-tailed alternative:
Answer: H1 : p1 6= p2
percentage point difference.

(e) The absolute effect size was a
Answer: 6 − 5.1 = 0.9

(f) Find the relative effect size. According to this study, the probability of getting cancer was
percent higher for the “lots of bacon” group than it was for the “no bacon” group.
Answer:

6−5.1
5.1

= 17.6%

(g) p-value:
Answer: .00153
(h) With α = .05,
(reject) | (fail to reject) H0
effect (is) | (is not) statistically significant
(i) Is the bacon research an observational study or a designed experiment ?
Answer: observational study
(j) The WHO now classifies processed meats like bacon as “carcinogenic”, which means that they
“cause” cancer in humans. Comment on whether a hypothesis test can conclusively determine
the cause of a statistical effect.
Answer: Maybe the survey included hundreds of foods; then by chance you’d expect some to
be “linked” to cancer. There are confounding factors (e.g. rural life, sun exposure, smoking, etc)
in observational studies that make the HT results dubious. HT can show association, not cause.
Finally there is the possiblity of false positives. So the HT does not prove that bacon causes
cancer. Even if bacon did cause cancer, as with most things, “the dose makes the poison”.
(k) Which makes a more dramatic headline? (note the specious implication of causality)
“Eating lots of bacon increases cancer risk by 18 percent.”
“Eating lots of bacon is associated with less than a one percentage point higher cancer risk.”
Answer: the first one blows the results “out of proportion” pun intended
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8. The senior guys in a large school district designed a scientific experiment to estimate the magnitude
of the “Axe Effect”. All 1200 guys put their names in a hat, and a simple random sample of 500 was
selected for the treatment group; they would wear Axe body spray. The rest of the guys comprised
the control group; they would not wear any body spray. Each guy asked a girl to the prom and
reported the result.

treatment (Axe)
control ( no Axe)

accepted
371
434

shot down
129
266

(a) Understand the problem and make a plan.
1 sample | 2 samples | matched pairs | scatterplot

µ|p|σ|ρ

HT | CI | regression

(b) TI calculator function:
Answer: 2propZint
(c) point estimate for difference in acceptance rates: p̂1 −p̂2 =
Answer:

371
500

−

434
700

= .742 − .62 = .122

(d) 95% confidence interval
Answer: (.0694, .1746)
(e) Write the confidence interval as point estimate ± margin of error:
±
Answer: .122 ± .0526
(f) Explain how the placebo effect could be going on here.
Answer: the guys who wore Axe body spray may be more confident, and girls like confident
guys
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9. It is hypothesized that in the photograph and video era, taller candidates have an advantage in
presidential elections. Consider U.S. results from 1900-2012, which you can find in the class data
folder. Here are the heights in centimeters:

year winner loser difference
2012
185
187
2008
185
175
2004
182
193
2000
182
185
1996
188
187
1992
188
188
1988
188
173
1984
185
180
1980
185
177
1976
177
183
1972
182
185
1968
182
180
1964
192
180
1960
183
182

year winner loser difference
1956
179
178
1952
179
178
1948
175
173
1944
188
173
1940
188
189
1936
188
180
1932
188
182
1928
182
180
1924
178
180
1920
183
168
1916
180
178
1912
180
182
1908
182
180
1904
178
175
1900
170
180

(a) For each election, circle the height of the taller candidate, and compute the height difference
between winner and loser.
Answer: 19, 9, 1 tie
(b) Does the taller candidate have a significant advantage?
i. null hypothesis:

and one-tailed alternative:

Answer: H0 : p = .5 (no advantage), H1 : p > .5 (has an advantage)
ii. Sample proportion of elections in which the taller candidate won.
Answer: p̂ = 19/28 = .679
iii. TI calculator function

gives a p-value of

Answer: 1propZtest gives .0294
(c) Is there a significant difference between the winner and loser’s height ? Do a matched pair
hypothesis test on the difference column.
i. null hypothesis:

and two-tailed alternative:

Answer: H1 : µ 6= 0
ii. Sample mean difference between winner and loser:
Answer: x = 2.45 cm
iii. TI calculator function

gives a p-value of

Answer: ttest gives .059
11

(d) Are winning candidates getting significantly taller over time ? Let x be the year, and y the
winner’s height.
gives a linear regression line of

i. TI calculator function
Answer: linregttest y = 69.1 + .058x
ii. The sample correlation is

, and H1 : ρ 6= 0, has a p-value of

.

Answer: r = .412, .0263
10. A simple random sample of 640 households in a certain county showed that 42.5% owned at least one
gun. In all, there were a total of 786 firearms reported.

(a) Find a 95% confidence interval for the proportion of county households that are gun owners.
TI calculator function:

, gives

42.5

±

percent.

Answer: 1propZint gives 42.5 ± 3.83 percent
(b) Among all households, let µa be the average number of firearms per household. If the sample
variance was 3.92, find a 95% confidence interval for µa .
TI calculator function:
gives

±

, with n =

,x=

, and s =

guns per household.

Answer: tinterval with n = 640, x = 786/640, s =

√

3.92 gives 1.23 ± .154

(c) Among only gun owning households, let µg be the average number of firearms per gun owning
household. If the sample variance was 3.14, find a 95% confidence interval for µg .
TI calculator function:

, with n =

12

,x=

, and s =

gives

±

guns per gun owning household

Answer: tinterval with n = 272, x = 786/272, s =

13

√

3.14 gives 2.89 ± .21

11. California farmers would like to estimate the effectiveness of “cloud seeding”,
a process whereby chemicals are released into approaching clouds to serve as a
catalyst for rain condensation. Statistics must be analyzed carefully to
distinguish real effects from noise in the data.
(a) In an initial study, a randomized experiment recorded these results
(with daily precipitation measured in millimeters).
n
x
s
seeding
75 3.05 9.1
no seeding 150 1.74 7.4
i. Find the effect size x1 − x2 .
Answer: 1.31 mm per day
ii. Find the p-value corresponding to H1 : µ1 > µ2 .
TI function

gives

Answer: 2sampttest gives .141
iii. Is the observed effect practically significant ?
Answer: yes
iv. Is the observed effect statistically significant ?
Answer: no
v. If you conclude that cloud seeding is not effective then a
Type

error may have been made, i.e. a false

.

Answer: II, false negative
(b) A larger follow-up study recorded these results:
n
x
s
seeding
180 2.91 8.5
no seeding 240 1.82 7.6
i. Find the effect size x1 − x2 .
Answer: 1.09 mm per day, note regressed a bit
ii. Find the p-value corresponding to H1 : µ1 > µ2 .
gives

TI function

Answer: 2sampttest gives .0873
(c) Neither study by itself showed statistical significance at the α = .05 level, but combining the
results in a meta-study may be more convincing.
i. The combined treatment and control sample sizes are

and

Answer: 255, 390
ii. Find the corresponding weighted means
Answer:

75(3.05)+180(2.91)
255

= 2.95 and

14

and
150(1.74)+240(1.82)
390

.
= 1.79

respectively.

iii. Using combined standard deviations of about 9 and 7.5 respectively, find the p-value corresponding to H1 : µ1 > µ2 .
TI function

gives

Answer: 2sampttest gives .0442
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12. When we go outside, my wife or I will sometimes give our dog Levi a treat.
Levi wants to estimate the probability that he will get a treat if he comes to
greet us. (Levi is much smarter than Pavlov’s dog). Here is his empirical data:
human
man
woman
total

treat
41
18
59

no treat
25
20
45

(a) Is there a statistically significant difference between his chances of getting a treat from the man
or woman? Do a two-tailed hypothesis test.
i. TI calculator function:
Answer: 2propZtest
ii. sample proportions: p̂1 =

and p̂2 =

Answer: .621, .474
iii. p-value
Answer: .144
iv. statistically significant difference if α = .05?
(b) Get a 95% confidence interval for the aggregate probability that he will get a treat.
i. TI calculator function:
Answer: 1propZint

ii. confidence interval: 


=

,

±

.

Answer: (.472, .663) = .567 ± .095
(c) Levi is lazily resting in the neighbor’s yard, when he hears our front door open. But he can’t see
who it is. He not sure it is worth the trouble to come greet the human. Here are his happiness
levels for the potential outcomes:
• continues his nap, no treat: H = 65
• comes to greet us, no treat: H = 25
• comes to greet us, gets a treat: H = 90
Using the aggregate point estimate, his expected happiness if he comes to greet us is
H=

.

To maximize his expected happiness, should Levi come to greet the human ?
Answer: (.433)(25) + (.567)(90) = 61.86 < 65, so continue the nap
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13. Microcephaly is diagnosed as having “a head circumference more than two standard deviations below
the mean for age and gender.” In 2016, researchers tried to establish an association between the Zika
virus and increased risk of the microcephaly birth defect.
(a) If head circumference is normally distributed, approximately
percent of babies would normally be diagnosed with microcephaly.
Sketch a picture.
Answer: the tail to the left of z = −2 has about 2.5%, or 1 in 40
(b) Suppose in a rural area, there were 40 babies born to mothers with the Zika
virus. Fifteen percent of those babies were diagnosed with microcephaly.
Is this increased risk statistically significant ?
TI function

gives a p-value of

Answer: 1propZtest gives .000000206
(c) Does that prove that Zika causes microcephaly ?
Answer: no, correlation vs causation; could be confounding factor, e.g. pestacide use, or
(unlikely) a type I error

14. A customer support call center has a lot of employee turnover; many employees quit or get fired after
just a few weeks or months. They hired a human resources consultant to help them filter potential
employees to improve the average worker tenure.
The consultant studied the answers given by potential employees to various interview questions. Interestingly, the web browser an individual uses at home appears to be a strong predictor of how long
the employee would remain working at the call center. Here are the sample statistics, with tenure
measured in weeks.
browser
Microsoft Internet Explorer
Other (e.g. Firefox/Chrome/Safari)

n
72
91

x
16
27

s
10
15

(a) Do the hypothesis test H1 : µ1 6= µ2 .
TI calculator function:
Find the p-value:
Circle one: The effect is (statistically significant) or (not statistically significant).
Answer: 2sampttest .0000000948, sig.
(b) Find a 95% confidence interval for µ1 − µ2 .
TI calculator function:
On average, an applicant that uses Internet Explorer works
fewer weeks than an applicant that uses one of the other browsers.
Answer: 2samptint (7.12, 14.88) = 11 ± 3.88
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15. Here are summary statistics for January low temperatures recorded at Knoxville’s McGhee Tyson
Airport.
years
1950-1991
1992-2016

n
1302
775

x
28.95
29.74

s
11.28
10.67

(a) Are January temperatures during the latter era
significantly higher than in the earlier years ?
i. one-tailed alternative hypothesis:
Answer: H1 : µ1 < µ2
ii. Sample mean increase is

degrees.

Answer: x2 − x1 = .79
gives a p-value of

iii. TI calculator function

Answer: 2sampttest gives .0552
iv. Is the observed temperature increase statistically significant?
(b) Do January temperatures during the latter era exhibit
significantly more variation than in the earlier years ?
i. one-tailed alternative hypothesis:
Answer: H1 : σ1 < σ2
ii. TI calculator function

gives a p-value of

Answer: 2sampFtest gives .957
iii. Is the observed “increase” in variance statistically significant?
iv. Using the alternative hypothesis H1 : σ1 > σ2 , then the p-value becomes

.

Answer: .043
v. Using the alternative hypothesis H1 : σ1 6= σ2 , then the p-value becomes
Answer: .086
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16. The following text accompanys Leonardo da Vinci’s famous illustration of human biometrics:

“· · · if we measure the distance from the soles of the
feet to the top of the head, and then apply that measure to the outstretched arms, the breadth will be
found to be the same as the height · · · ”
– Vitruvian Man, Leonardo da Vinci, 1490

Answer these questions using data collected from C-N statistics students.
(a) da Vinci claimed that the average wingspan to height ratio is µ = 1.
The TI calculator function

for H1 : µ 6= 1.

gives a p-value of

Answer: ttest
(b) Let µM and µF be the average ratios for males and females respectively.
i. The sample means are xM =

and xF =

.

ii. Is the observed difference between males and females practically significant?
Answer: no, guy gives girl coat; if she’s same height, probably won’t notice arm length
difference
iii. The TI calculator function

gives a p-value of

for H1 : µM 6= µF .

Answer: 2sampttest
iv. Is the observed difference between males and females statistically significant?
(c) Find a 95% confidence for the “population”
difference between
average male and female heights.


TI function

±

gives 

Answer: 2samptint
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