Lesson 9.3a Day 1- Significance Test for p

The level of dissolved oxygen (DO) 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 andSaméIé}standard deviation (using correct notations)?

X=471Tmg/L Sx=0.939 m‘é/{i(_
2. State the appropriate hypotheses for a significance test. Be sure to define the parameter of interest.
A= TRUE msAaN Do LEvEL M
Nt AL=S —

WMo Mo 45 (Fion LiFe aT &isc)
3. What conditions must be met? Check them.
— Randamlq chosen locattons
—10%: n=30% 5 (aV Vo caRons)

- A}d@mm.: n=307 30 CCLT> U,,A.r\'\o

A
4. Give the formulas for the mean and standard deviation of the sampling distribution of ¥ and
calculate the values.

"‘:/(L_:.S é:.:..g __S_X_‘_ 0.93%9
X X & @ = {,36.:0,171'{

5. Draw a picture and then calculate the test statistic. Remember, since we are working with means,
%:the test statistic is a t value ri Sample +-test fun~ ™ \
v o —
e qq;\qg‘b S o q.41 =5
' M Sx/ — 0.8%/ — = -3 [t=-134
L
X =417
6. . Find the P-value for your test statistic

Pyolve = P(L£ % ~1.34) =,0953 h/_'_'c&_g(_'o/-\}“’?—q\

Pg: d4=30-1739 [ Jucle = 00953 |
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7. What is the interpretation of the p-value?

ASSUmMmNG THRE menn Do LEUEL IS S‘malL, Fhece. is

o, .095 Prqbobl\l-\\/ ot %e‘\'\?f\é G- Sample. mean ot

4-77m9/£ 0RQ LESS —P\”"l? '0‘/ Ckcnce..

8. What conclusion can we make?

Dince. the ’Puclde (,oQS> ]58(&% Yhen of = 0.0§,
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We. —-Fo} | bo red ect Ho_ We do not have  Convin c'fn& ewidence
the mean Do Level 15 Jess Hhen 5’"& //,
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: .
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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?

Parameterof]nterest:ﬂ.:TRUE /lesn SPEED OF Deiy gas /N A

ISmeH  Consteycnon ZONE

e Null Hypothesis: 4Hg E /(/( = 23S ( PoSTED SPse0 LIN[T\
e Alternative Hypothesis: H aA- AL 7 as (/, RE D 2\\) £EQs SPef D'NG>

o Level of Significance: O/ =.4as
o Choiceof Test-__ L. SAMPLE “+-test ‘Q‘V meéans

e Conditions of Test:
@chéam SAMPLE OF Jo DRivERS
(A Twoé PrnoenT: 40%  A=jo < s (all drivers)
(A NogmaL: Smace 5amPre. The 6rapy :
S How Ao APPARAMVT OUuTLiee OR T\
el Ble)
21 5L

LARGE SKEWWEss — £ -test okay/

e Sampling Distribution (Sample statistics and sketch of the sampling distribution of the sample statistic under
the null hypothesis, indicating the mean)

n= 10 - ‘ F\/CNQ_:-
Y; A%, § . 0069
on= 3.@‘1 Mo | K7

| ;i
as  X=2%s
o Test Statistic (clearly show calculation)

L 3%.8-4S

Y = 9, AaL=9
WE T

e P-value (Use correct probability notation.) PVQ\UQ = P ( + 7 3,0 5>= 100694
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Example #2 (CONTINUED) “Construction zones”

e Conclusions (decision in context)

Swnice he :f)wlve. (.0069) IS LESS THan) Q’—‘-og
u/e RCJQ—C"}' H‘Q.

We HAvE ConviAIciNG EVIDEANCE THE MEan

DRWING SPEEN Is GREATER Thaal 2Smph  in

Con STRUCTIWYN Z_ONES,
(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.

Since We ReTecEDd Mo wWéE /MAY HAVE
MADE A TYPe I €reor.

MIsTAK ¢ IT Is PosSiBLE THAT WE (dacLuvdép
THE HUERACE SPEEN WAHS Moee

THAN 25 MFI} UWHEN IN FACT
THE AVerAcE sSPsen 1s JdsmpPh,

A Poss®Le CodSEGQUeNCE |S MORE

JoLice ARe Hired wWHSTING

TAx PAYswrs moa 4



Example #3 “Don’t break the ice” 2-Sided Test of Significance for Means

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
a cube of “ice” with a plastic hammer hoping that the remaining
cubes don’t collapse. For the game to work correctly, the cubes
must be big enough so that they hold each other in place in the
plastic frame but not so big that they are too difficult to tap out. The
machine that produces the plastic ice cubes is designed to make
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

Collection 1

Width

S1=mean ()
S$2 = count ()
S3 = stdDev ( )
S4 = stdError ( )

29.4874 mm MEaAn
50 n
0.0934676 mm S22
0.0132183 mm SE
29.2717 mm MIN
29.4225mm @)
29.4821 mm me Py
29.5544 mm ¢ 3
29.7148 mm MAA

i

Ke/

S5=min ()
S$6=Q1( )
S7 = median ()
S8=Q3 ()
S9=max ()

data from a sample taken during one hour.

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

o Parameter of Interest A = JRUE 7 £A~ WIDTH OF PeasTic T cE CoRES

e Null Hypothesis

HO 3/(/(. = 0?91 S-
e Alternative Hypothesis Ha: AL :F 29.8

e Level of Significance o(~= 0. 05

o Choiceof Test 4 SAMPLE +-tes*t do- s (means)

e Conditions of Test (assume conditions have been met) - 5 5 a5, B :;T'/ 169,

v
e Sampling Distribution (Sample statistics and sketch of the sampling distribution of the sample statistic under
the null hypothesis, indicating the mean)

X=206.4§74 N :

Sx=.093 — SE=0,132153
n=>50 —> df:=44

e Test Statistic (clearly show calculation)
= . -t =
0% /50 — },Z(-”"")Z
e P-value (Use correct probability notation.) PVAL.\J £ = Q. P ( + _4'_ -0.94 2) = 5 242%

e Conclusions (in context)
Sil\lCE. THE p\!ALUE (.34 Z%) IS GR €ATE R TH AN Q/::aQ.S—
J

WE FAIL To Re Tsct He . We Do mMaT Have

CONV"\-AXC\‘\NG EBViDéNes THE TRUE MEAN wIDTH oF
PLAsTic Tce COBE |5 DIFFeL<~T THat J9.Smm

= -0, 94%
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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 {Estimate Mean ¢ 1
Attribute (numeric): Width
Interval estimate for population mean of Width
Count : 50
Mean : 29.4874 mm —
CL' Std dev: 0.0934676 mm ,OA5 . - 05
— s 0.0132183 mm
X ([contigence 1evel: 95.0 %P / /
t — Estimate: 29.4874 mm +/- 0.0265632 mm t ' p ~
Range : 29.4609 mm to 29.514 mm
ey Rg\'e LG SIC) 29 o q 29.5y
A, c} Y¢ 29.4% .
Ho
lo = T-cu)
Problem:

a) CInterpret the confidence interv ‘\:?Vould you make the same conclusion with the confidence interval as you did
>/ with the significance test in the previous examplez__‘;]

We ARe S ConFIOENT THE TRUE mean W dDTH oF PLASTC
T Ce CuBES TIs IN THE INTeEevar &%.46 To d9.51mm,

\A AS% CI 'S EQUIWALENT To A Tod uu/ol=.05§

SINCE THE INTE evaL [ 29.4¢,29.€1) ConTHinsS R9.Smm As A
PLAvsibLe VALUE Fee The Teave mean W/ DTH T CE CUBE, wWE Wouwp

MAKE THe SAMe Decisiod To Faie To REIBECT Hp
b) [REVIEW QUESTION] Interpret the confidence level.

— i

—

/ "‘f/

C7 95% oOF ALL PossiBLE SAMPLES OF Sizeé 50 From

Popalegn

THE[?&oDucﬁdM ma CHm)a wWitl RESULT IN AN
TNTERUGYL TWAT CAPruces THE TRUE M EAn WIDTH

OF PLASTIC _Tce CoBes

¢) [REVIEW QUESTION] Interpret the standard deviation and the standard error provided by the computer output.
SW=0.093 SE= (9,013 ¥=29,494 n=50

OD.— THE WIOTHS OoF THE TCE CUBeS KR E AlouT

0,093 MM FRem THE /M EAN W) pTH oF 29, ‘-)-9mﬁ’)
ON RAVERAGE .

D.E.—> TN RANOom SAMPLES OF S1Z& 50, TRE SAmALE
m eanN will BE ABIT 0.013mm FRom THE TRUE
Pg:6 ME—AMI oN RVERAGE.




