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Michigan's next water crisis is PFAS -
and you may already be affected

By Paula Gardner and Garret Ellison, MLive.com
July 10, 2018
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Given the above two histograms, which of the following statements is incorrect?
(A) Both sets have the’same mean.
(B) Both sets have the same median.
(C) Both sets have the same range.
—> (D) Set A has a greater variance than does set B.

AP Exam Review DATA ANALYSIS 13
Question

(E) Each set has approximately 12 elements (6 under and 6
over the median).

Answer: (E) Both sets are symmetric about 30, so they have the same mean
and median. Both sets have the range 50 — 10 = 40. Set A has a higher

percentage of values further from the mean than does set B, so set Ahasa
greater variance. Histograms give relative frequencies, not actual numbers.
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A short video

v INTERPRET a Type | error and a Type |l error
in context. GIVE a consequence of each
error in a given setting.
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Should Rockford switch to bottled water? 9.1 pay 2

\
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The Wolverine Worldwide (a shoe company in Rockford) improperly disposed of chemicals
(PFAS), which have leaked into the ground water. The state’s drinking water limit of 70 parts
per trillion (ppt) is considered safe, while anything above 70 ppt is considered dangerous.
Officials believes the water in Rockford may be unsafe. They take a random sample of 200
households in Rockford. They find the average lead level of the sample is 70.5 ppt.

1. State appropriate hypotheses for performing a significance test using words and symbols.

2. After conducting a significance test, a P-value of 0.045 is found. Interpret this value.

/ - Q[\)\QST[C)MS

3. Based on the P-value, should Rockford keep the current water or switch to bottled water? Explain.

Start on
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The Wolverine Worldwide (a shoe company in Rockford) improperly disposed of chemicals
(PFAS), which have leaked into the ground water. The state’s drinking water limit of 70 parts
per trillion (ppt) is considered safe, while anything above 70 ppt is considered dangerous.
Officials believes the water in Rockford may be unsafe. They take a random sample of 200
households in Rockford. They find the average lead level of the sample is 70.5 ppt.

. State appropriate hypotheses for performing a significance test using words and

symbols.

. After conducting a significance test, a P-value of 0.045 is found. Interpret this

value.
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The Wolverine Worldwide (a shoe company in Rockford) improperly disposed of chemicals
(PFAS), which have leaked into the ground water. The state’s drinking water limit of 70 parts
per trillion (ppt) is considered safe, while anything above 70 ppt is considered dangerous.
Officials believes the water in Rockford may be unsafe. They take a random sample of 200
households in Rockford. They find the average lead level of the sample is 70.5 ppt.

1. State appropriate hypotheses for performing a significance test using words and symbols.

ub v o= 770 ppt. . The woter is sofe. o =0.05
\*\a.t)A > 70 ppt. : The waker 6 unsate.,

2. After conducting a significance test, a P-value of 0.045 is found. Interpret this value.
ASsumin +ha$ +the wader is safe (p=T0) there is & 0,045
prebobitty o seﬂin: o sample mean of 70.5 ppt. or
mere purely by chanse.

3. Based on the P-value, should Rockford keep the current water or switch to
bottled water? Explain.

4. Let’s suppose this decision is wrong. What would be a consequence of this error?

5. Given the water is safe, how often will this error occur?
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3. Based on the P-value, should Rockford keep the current water or switch to
bottled water? Explain.

Sheuld switchto botiled water gme we have .
Qgh\(mc_mﬁ evidence L e Olernotive ﬁYFg es,s

4. Let’s suppose this decision is wrong. What would be a consequence of this error?

5. Given the water is safe, how often will this error occur?

3. Based on the P-value, should Rockford keep the current water or switch to bottled water? Explain,

shauld Switch o botiled woter Snee we have
Ceh\(\'nc.ins evidence £ e aldernative ﬁypgﬂ‘es,s

4. Let’s suppose this decision is wrong. What would be a consequence of this error? 0 y
They wowld Woste Meney and Yessurces A\ \gi ~
o N
5. Given the water is safe, how often will this error occur? ?Q/
57§ the Hime we get Shatisticall \% <
6‘6“ \'-f veany Yasulds pu(c\\/ by QLC' )

chance . OOL
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. Now suppose the P-value was 0.14. Should the town keep the current water or
switch to bottled water?

T\r\o.y showld l(gep e cuvrent Woter ince they dent
hoave cenwvinaing evi dence. ogainst the null |

. Let’s suppose this decision is wrong. What would be a consequence of this error?

. Are the consequences in question #4 or question #7 more serious? Explain.
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6. Now suppose the P-value was 0.14. Should the town keep the current water or switch to bottled water?

The should ’(aap e current woter since dent
\f\tzvz Cenv\na\nﬁ ewdehcg 060«\1\'9!‘ e n M

7. Let’s suppose this decision is wrong. What would be a consequence of this error?

Perple wowld drink unsafe water and .l \3@ \(
cou\a\ get siek /pessibly die.. 3 (O

8. Are the consequences in question #4 or question #7 more serious? Explain.

6. Now suppose the P-value was 0.14., Should the town keep the current water or switch to bottled water?

10 Keep e + wok dent
T\r\o.y show GCP cuvvent Woder f:mr\ce \'Hm?’ n

hove convmanﬁ evidence, 060.\1\»9}- null

7. Let’s suppose this decision is wrong. What would be a consequence of this error?

'V le would drink \msafe wodzr ond -
co\,\\a\ qet siak /pessibly die. . 2\;@% O(

8. Are the consequences in question #4 or question #7 more serious? Explain.
¥ | Reople getling Sick 15 much
woeese. than Wa‘s'hng money |
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Type 1 and Type 2 Errors
When we draw conclusions from a significance test we hope our conclusion will be correct. But sometimes it will be
wrong. There are two types of errors we can make.

Important ideas:
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TType 2 ervor &
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3. Based on the P-value, should Rockford keep the current water or switch to bottled water? Explain.

Sheuld switch~o botiled water gue we have
convineing evidence 4r the aldernadive ﬁwgﬂ\ﬁ;s

4. Let’s suppose this decision is wrong. What would be a consequence of this error? /r ‘:)FQ g

T\'\ey wowd Woste teney ond Yessunces N

(/\0 E_vau(

P

5. Given the water is safe, how often will this error occur?

5-/. o the Hme we Statsticall Tupe
‘AQY\ Fieany veﬁuﬁ-’s pure\y bY 4 0‘(5(];5 f
chance . D '/T,VS time

6. Now suppose the P-value was 0.14., Should the town keep the current water or switch to bottled water?

They should Keep Ahwe current woder since dent
\r\o‘.fve Qonw‘né\'nﬁ evidence. ogainat the ““\-{lr.ﬂy

7. Let’s suppose this decision is wrong. What would be a consequence of this error? /r

'Pea(p\e wouwld drink UY.\safa’WOdEr ond ?Q Xf
could get siak /pessibly die. . AL L
ot
8. Are the consequences in question #4 or question #7 more serious? Explain.
F7 . Reople getling sick 5 much.
worse. than WGSiing wmongy |
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Reject H,
Conclusion eject o

based on
sampl
sampie Fail to reject H,,

Truth about the population

H true

H, true

Type I error

Correct
conclusion

Correct
conclusion

Type II error

If Hy is true:

If H is false:

Our conclusion is correct if we don’t
find convincing evidence that H,is true.
We make a type I error if we find
convincing evidence that H, is true.

Our conclusion is correct if we find
convincing evidence that H,is true.
We make a type II error if we don’t
find convincing evidence that H, is
true.

They 0)\04 CO“d\"ﬂOha\ Fvobab\'h’k\'es‘

P(TW@\ ewor) = P(Mj@ﬁ

V(WQ I ewov = (

100\\ o
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Check Your Understanding

The manager of a fast-food restaurant wants to reduce the proportion of drivethru
customers who have to wait longer than 2 minutes to receive their food after placing
an order. Based on store records, the proportion of customers who had to wait
longer than 2 minutes was p = 0.63. To reduce this proportion, the manager assigns

an additional employee to drive-thru orders. During the next month, the manager
collects a random sample of 250 drive-thru times and finds that p = % = 0.576.
The manager then performs a test of the following hypotheses at the a = 0.10
significance level:

Hy:p = 0.63

H,:p < 0.63

where p = the true proportion of drive-thru customers who have to wait longer than 2
minutes to receive their food.

1. Describe a Type | error and a Type |l error in this setting.

1. Describe a Type | error and a Type Il error in this setting.

TWe T -

Tyee I

2. Which type of error is more serious in this case? Justify your answer.
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1. Describe a Type | error and a Type |l error in this setting.

L h” af *h tomets Wearr longer than 2 win, but
Tyl (-‘:?\a tiam:aq_cgs +€m&,sﬂ\¢.\'¢ 6‘3:;55 “han et |

o,
TYPe X Less than (0% ' woit owh the manaqer
' inks '/ wart. 3

2. Which type of error is more serious in this case? Justify your answer.
T T boecowse +the manoger ba.\ievas the. edxo.
mplaywe redwes +he plageCtien &5 e LEAABNaNS

NM NA<+ b‘k“ H“d“‘s not .? Anymp_ -C&J &;ma,oaj\"(
obour this 7

3. Based on your answer to Question 2, do you agree with the company’s choice of
a = 0.10? Why or why not?

4. The P-value of the manager’s test is 0.0385. Interpret the P-value.
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3. Based on your answer to Question 2, do you agree with the company’s choice of a = 0.10? Why or
why not?

| = \\!
ex ha Wt xof +he )l 8 Atue. ,‘O( é,\o wh
gag\u\ n & Ty X erver 6% of the time just Y
chance. They sheuld W2 a smaller p-value .

4. The P-value of the manager’s test is 0.0385. Interpret the P-value.

Aséummj,“

3. Based on your answer to Question 2, do you agree with the company’s choice of a = 0.10? Why or
why not?

| \
9} net +—F +he Y\\A“ S Avtue ’.o(_:; /_'A?,\o w)
%,Qu\ N & Type X erver 6% of vhe +ima Jufyrb?/
chance. They shewd Ve a smaller P-value .

4. The P-value of the manager’s test is 0.0385. Interpret the P-value.

Acsuming “he propettion o custenaes, whe hae

+o B p=0O6D  there 15 A 0.0FS
pwb . eF g&’dir\g o ssmple proe of 09T
o 1esS 'pur\zy v thanhece..
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We can decrease the probability of making
a Type I error in a significance test
by using a smaller significance level.

But there is a trade-off between P(Type I
error) and P(Type II error): as one increases,
the other decreases.

If we make it more difficult to reject H, by
decreasing a, we increase the probability that
we will not find convincing evidence for H.
when it is true.
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9. 1 .... 21-29 (odds), 30-32
and study pp.560-562




