Lesson 9.3a Day 1- Significance Test for y

The level of dissolved oxygen (DQ) in a stream or river is an important indicator of the water’s ability to
support aquatic life. A researcher measures the DO level at 30 randomly chosen locations along a stream.
Here are the results in milligrams per liter (mg/l): ¥ = 4.77 and s, = 0.939. An average dissolved oxygen
level below 5 mg/l puts aquatic life at risk. Do the data provide convincing evidence at the a = 0.05
significance level that aquatic life in this stream is at risk?

1. What are th mean an@standard deviation (using correct notations)?
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2. State the appropriate hypotheses for a significance test. Be sure to define the parameter of interest.
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3. What conditions must be met? Check them.
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4. Give the formulas for the mean and standard deviation of the sampling distribution of x and
calculate the values.
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5. Draw a picture and then calculate the test statistic. Remember, since we are working with means,
the test statistic is a t value [' 4 sample £-test L ™ \
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6. . Find the P-value for your test statistic
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7. What is the interpretation of the p-value?
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8. What conclusion can we make?

Siﬂce_ ‘er_ 'Pv:.lu’e C,OQS} .[._5 a{@k{‘ %0’\ 0\}-'-_ 0.0.S-/
We i) +o re_\gec‘f Ho- We do not have  (Con vif\dn& euidence

+he mean Do Level 15 Jess $hen 5”8 /ﬁ.

AP FRQ Requirements:

Section 1: Define Parameter: Name test
Hypotheses: a Level:

Section 2: Check conditions (random, normal, 10%-condition/Independent)
Plug-ins Work
Test Statistic: P-value:

Section 3: Conclude

p-value, alpha, decision, conclusion in context

Important ideas:
P ® B TesT stansTc &3 PyarLve

&\ Conn\ oS

Rand t= X-M tax\ probekiliy
# f(handom
# TRDLPMONT Sx/m' W/BF = n-l

16% * né-,';l\l

* Moamar ,t@ﬂ + c_é-Q(LB, ue, a$)
- S™MED /\_

- OLT

SKEUNESS o & OJTLIERS



Example #2 “Construction zones”
Every road has one at some point—construction zones that have much lower speed limits. To see if drivers obey
these lower speed limits, a police officer used a radar gun to measure the speed (in miles per hour, or mph) of a
random sample of 10 drivers in a 25 mph construction zone. Here are the results:
27 33 32 21 30 30 29 25 27 34
(a) Can we conclude that the average speed of drivers in this construction zone is greater than the posted 25
mph speed limit?

Parameter of Interest: .= Teue Zean SPeEeD 0 Deiysas /N A
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e Null Hypothesis: HQ - //‘. = 23S (POS TED SPEs0 LIA“\T\
e Alternative Hypothesis: H A- AL 7 as (A RE D efv ERs SPef D”\"G)

e Level of Significance: o/ =-08
e Choice of Test: 1 SAmMPLE _ZZ-‘E€.$“." ‘PD/‘ means

e Conditions of Test:
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e Sampling Distribution (Sample statistics and sketch of the sampling distribution of the sample statistic under
the null hypothesis, indicating the mean)
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o Test Statistic (clearly show calculation)
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e P-value (Use correct probability notation.) PV’Q\UQ = P ( +7 3.0 5)'; 1009
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Example #2 (CONTINUED) “Construction zones”

e Conclusions (decision in context)
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(b) Given your conclusion in part (a), which kind of mistake—a Type I or a Type II error—could you have
made? Explain what this mistake means in this context.
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Example #3 “Don’t break the ice” 2-Sided Test of Significance for Means

cubes that are 29.5 millimeters (mm) wide, but the actual width
varies a little. To make sure the machine is working well, a
supervisor inspects a random sample of 50 cubes every hour and
measures their width. The Fathom output below summarizes the
data from a sample taken during one hour.

Collection 1
In the children’s game Don’t Break the Ice, small plastic ice cubes ]
are squeezed into a square frame. Each child takes turns tapping out 29.4874 ";Fg mean
a cube of ‘:ice” with a plastic hammer hoping that the remaining i ?p
cubes don’t collapse. For the game to work correctly, the cubes 0.0132183 mm SE
must be big enough so that they hold each other in place in the Width 29.2717 mm g

plastic frame but not so big that they are too difficult to tap out. The B e
hine that produces the plastic ice cubes is designed to make o ibcda
machine p p g 29.5544 mm o &

S1=mean( )
S2= count ( )
S§3= stdDev( )
S4 = stdError ( )
85=min( )
S6=Q1()

§7 = median ( )
S8=Q3( )

S99 = max( )

29.7148 mm MAA

_/

Ke)/

a) Do these data give convincing evidence that the mean width of cubes produced this hour is not 29.5 mm?

e Parameter of Interest _{A

HO :/a = 9?91 b_
e Alternative Hypothesis 't A" M. F 24.5

e Null Hypothesis

e Level of Significance o{ =~ O- 05

o Choiceof Test 4 SAMPLE +-+es* ‘ator'M...(me.aﬂs)

e Conditions of Test (assume conditions have been met) — 5 5 S, € nL/’_T"' 1o,
o
¢ Sampling Distribution (Sample statistics and sketch of the sampling distribution of the sample statistic under
the null hypothesis, indicating the mean)

X=26.4 §74 W :

x= .083 —> SE=0,13215>
=50 — d44:=49

e Test Statistic (clearly show calculation)

29, 1871-2%.5
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e P-value (Use correct probability notation.) P Ll
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e Conclusions (in context)
SINCE THE PUHLUE(:}'L{Z%) IS GRLsATER THAN o = QF

WE Fait To ReTzsct Ho, WeEe Do wmeoT Heve_

Pg:5 CoNVINGING BViDENce THE TRUE MEAN wibTH oF
PLASTIc Tce COBE 15 DIFFELe~T THAN J9.Smm .



Example #4 “Don’t break the ice” Confidence intervals for Means
Here is computer output for a 95% confidence interval for the true mean width of plastic ice cubes produced this
hour.

'Estimate of Collection 1 [ Estimata besn &1
Attribute (numeric): Width

Interval estimate for population mean of Width
Count : 50

ean: 29.4874 mm / . 02—
Std dew: 0.0934676 mm .025 5 %

Std exrEe 0.0132183 mm

E
t — sf: < e '- mm +/- 0.0265632 mm i / l /4
<——-| Fﬁ'il.. TO } ; Range : 29 4609 mm to 29.514 mm .7.
RB" REFECT R 6 L\G 1\8;\‘. Y~ vg =
Wity Uecy My 2a.49 2987
Ho
lo¢ = T-cL)
Problem:

a) CInterpret the confidence interva[.)EVould you make the same conclusion with the confidence interval as you did
with the significance test in the previous exampl?_‘?_]

We ARE 959D CoNnFIOENT THE TRUE meaN WiDTH oF PLASTC
LT CE CUuBES Is IN THE INTeevar &4.4Y6 To d9.51mm,

|A aS% CT 1S EauivALEnT To A Tow w/a=.05 |

SINCE THE INTE &vAL [ 29.4¢,29.€1) ConTRiNS 29.Smm As A
PLAVBIBLE VALUE Fua THE TeELve MmeanN wipTH LECE CUBE, WE Wouvwn

MAKE THe sAmMe Decisiond To Faie To R ETBCT Hp
b) [REVIEW QUESTION] Interpret the confidence level.

/_/’,_ -—-‘_--*""""v/

C7 9570 OF ALL Poss\RLE SAMPLES OF Sizé 50 From

Populehgn

THEI._?RoDULTIdM ma CH.:\JabUILL RESULT IN AN
TNTERUGL TWAT cAPruees THE TRUE M EAn WIDTH
OF PLasTiC _Tce CouBes

¢) [REVIEW QUESTION] Interpret the standard deviation and the standard error provided by the computer output.
SW=0.083 SE=0,03 ¥=29.49 h=50

OD.— THE WIOTHS OF THE TCE CUBES KR E AAouT

0,093 MM FRem THE MEaN WipTH oF 29, L}?mm
ON AVERAGE .

D.E. .~ TN RANOem SAMPLES OF SI1Z& 50, TRE SAmfLg
m ean) wWill BE ABWT 0.013mm FRom THE TRUE




