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Activity 9.1a  Test of Hypothesis Basics and Eff@

There are 2 types of statistical inference
0 Confidence Interval-CI (Chapter 8):

O estimates all the plausible values for a population parameter.
It gives us more information. Our course covers “p” and “p.”

O Significance Tests-TOH (Chapters 9-12):

0 are formal procedure for comparing observed data with a claim
(hypothesis) whose truth we want to assess.

0O We express the results of a significance test in terms of a
probability (p-value) that measures how well the data and the
claim agree.

9.1 CONCEPTS YOU MUST KNOW

DEFINE HYPOTHESES:
0 State the parameter of interest

0 Null Hypothesis

0 Alternative Hypothesis

STATISTICAL INFERENCE:
o Claim

0 2 Outcomes of a Statistical Test
o P-Value

0 Significance Level
0 Statistically Significant

Error:
0O Typel

0 Type II
0 Power (covered next class)
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= Example: The Basketball Player
m Setting up Significance Tests

EXAMPLE:
Ben claims that he makes 80% of his free-throws.

——

1. What is the population parameter we want to test?
?= TRUE ProPIZTION OF FREE-THROWS [3€~A] MADE.

2.  What is our first claim that we are seeking to gather evidence
against? This is the null hypothesis. Express in symbols and

Wocts: HO: P;'%D (B£N|§ TRVUE FoUL SHooTINC
s 30%)

3.  What is our second claim that we suspect to be true instead of the
null hypothesis. There are 3 possible scenarios to consider for the
alternative hypothesis.

State the alternate hypothesis and sketch the graph:

m Alternate Scenario #1: We think Ben is exaggerating and can’'t
possibly shoot that well.

Ha P 4,50 ( LeFT ThiL TesT)

-

(next page)
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® Example: The Basketball EXAMPLE: Ben claims that he makes 80%
Player

m Setting up Significance
Tests (cont.)

of his free-throws.

State the alternate hypothesis and sketch the graph:

B Alternate Scenario #2: We think Ben is being modest, and is the best
free-throw shooter in the state.

H{.} -' P>,'~‘go (RickT Thric TeST)

/P\f“de

B Alternate Scenario #3: We simply think Ben is lying.

Hap: 'P:f:.S;O (2 Taic TesT)
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= Example: The Basketball Player .

m The Reasonmg of S:gmf:cance Tests

' EXAMPLE: Now we gather evidence. We do not think Ben makes 80%

of his free throws. So, we have him attempt 50 free-throws. He makes "
32 of them. His sample proportion of made shots is 32/50 = 0.64. |
' What can we conclude about the claim based on this sample data?

Option 1: What hypothesis do we want to test if we think Ben is
exaggerating? )
£

—

Hﬁ : P .8
Do we have enough evidence to reject our null hypothesis?
l/Oe,'h/ pic| 4 set the si
[eye\ “+o oL =.05
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m Example: The Basketball Player ;

m Would a Confidence Interval Provide the Evidence?

Option 2: Let’s try a different hypothesis. We don’t believe Ben is an 80%
free-throw shooter.

1. What hypothesis do we want to test?
Ho @ P =, &0

2. What evidence do we have (assume conditions of random,
independent and normal are met)? J Create a 95% Cl. |

/f;:.(,'-f n=%o == 1.96
s x 2% EED
21
A (.%.J(.w)di
”y ®
W 196 (068) 6
& 2 ~_~
\(O\*'“'lrL//ME

Le=.%4—13 =15 |
Uﬁr.bﬂ‘h\S - E

3. Do we have enough evidence to reject our null hypothesis?

OVR CIT: WE pAre 9S% CoNFioenNT THAT THE
e
Tave FooL SHooTine PrRo PoeTiuany IS
BETwEeN S1% AAND 77 % .
DO we HAUE CIN VINCING c_‘ulf)f/ucm

_—

m SINCE ogn &I Doées NOT (Newog . 50
— /

We HAVE ConyNEINE €VU.0FACE THAT
Bed Ts WoT AN §0% FRet THROow SHooTER.

(NE' wWovLnp H‘AUE REIECJ—E&D H'-O) page: 5



SUMMARY':

Stating Hypotheses In any significance test

1) The null hypothesis has the form

n

HO . FArameled = ALy T
7 B =y

2) The alternative hypothesis has one of 3 forms it
= To determine the correct form of H,, read the problem carefully!!
= Determine the symbol (=,>,<,#)

= Label the P-value.

Left-sided Test - Right-sided Test - Two-sided Test -

H, : parameter __{_value | H,: parameter __~ value | H,: parameter = value

¥ PUc\ue_ Cou i nes

bofy avec S
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Stating Hypotheses — Try this practice problem !

Studying Job Satisfaction - see Activity 9.1A (answer key)

EXAMPLE: Does the job satisfaction of assembly-line workers differ when their work is machine-
paced rather than self-paced? One study chose 18 subjects at random from a company with over
200 workers who assembled electronic devices. Half of the workers were assigned at random to
each of two groups. Both groups did similar assembly work, but one group was allowed to pace
themselves while the other group used an assembly line that moved at a fixed pace. After two
weeks, all the workers took a test of job satisfaction. Then they switched work setups and took the
test again after two more weeks. The response variable is the difference in satisfaction scores,
self-paced minus machine-paced.

a) Describe the parameter of interest in this setting.

; . SELF PACED —
5 F NEE aN S cueed
= PiFFeesnce 1IN saTss Facm Ma e PacE o)

b) State appropriate hypotheses for performing a significance test. (in symbols and
words)

Ho: M=0 (k)o di Herence. in ;\o\o schs oo ton Scoees )

~ di Herence. |
}*F¥‘- /LA_ :F () ('_f¥\€hF€L. \<S 4 |
:_\cxb sets fechun Scue.c-_‘:.s
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Significance Tests: The Basics

A significance test assesses the evidence provided by data against a null hypothesis H,
in favor of an alternative hypothesis H,.

We use the P-value of a test and our predetermined a (alpha - the significance level),
to make decisions regarding our hypothesis.

. The P-value of a test is the probability, computed supposing H, to be true, that the statistic
will take a value at least as extreme as that actually observed in the direction specified by
the alternate hypothesis H, .

Small P-values indicate strong evidence against H, . To calculate a P-value, we must
know the sampling distribution of the test statistic when H, is true. There is no universal
rule for how small a P-value in a significance test provides convincing evidence against
the null hypothesis.

. If the P-value is smaller than a specified value a (called the significance level), the data
are statistically significant at level a. In that case, we can reject H, . If the P-value is
greater than or equal to a, we fail to reject H, .

- General Rule: :
- Small P-values we NE LECK the null hypothesis.

Large P-values we the null hypothesis.

We NEVER accept the null hypothesis.
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Statistically Significance at level a -
Try this practice problem

Better Batteries - see Activity 9.14 (answer key)

A company has developed a new deluxe AAA battery that is supposed to last longer
than its regular AAA battery. However, these new batteries are more expensive to
produce, so the company would like to be convinced that they really do last longer.
Based on years of experience, the company knows that its regular AAA batteries last
for 30 hours of continuous use, on average. The company selects an SRS of 15 new
batteries and uses them continuously until they are completely drained. A
significance test is performed using the hypotheses

Hp: = 30 hours

H,: 1> 30 hours

e of the new deluxe AAA batteries.
Given

where yvis the true mean lifeti

FAalL To ReSect ReTect wa
a) What conclusion can you make for the significance level g = 0.057
Since Yhe puclve (0.6216) is Less
THaN of =, OS‘J we. {‘c;\w_c:\' “o,
WE WAVE SoF@icienT £uiDENCE To
Concevde +he AAA BaTleries
LasT LoNGEE Twan 20 Houeg

b) What conclusion can you make for the significance level g = 0.017?

Iol‘-“ Since Yhe pvclve (9.0270) 13
| GReace Twad o 208, We Fail o

e ject Yo. WE Do woT RAVE
ENOUGW EVIODENCE To ConcLuDE THG
AMh  PAaTceieS LAasT LonNGEL
Tvad 30 Hours.




Introduction to Type I and Type II Errors:

EXAMPLE: Our Court System “0.J. Analogy” N
Understand Hypothesis Testing b

= In our jury system, you are innocent until proven guilty. This is how we are going to
set up our statistical test of hypothesis statements:

Hy: p=0.J. not guilty (innocent) € Null hypothesis. H,~> “H not”
H,: p# O.J. guilty € Alternate hypothesis

= The lawyers give evidence to prove their case (we will do the same by taking a
sample).

= The jury comes back with the verdict based on whether this was a criminal or civil
trial.

« Criminal Trial evidence must be convincing “Beyond a reasonable doubt.”
= Civil Trial evidence must be convincing “By a preponderance of the evidence”

=  Which has a lower threshold? This threshold is comparable to our significance
level(a). We predetermine “a” based on how much of an error we are willing to
make. Typically, a=.05 or a=.01.

e The Jury decides:
1. “GUILTY, if they have enough evidence. We will do the same.. Il we have
enough evidence, we “REJECT Ho.”

2. Orthe jury says “NOT GUILTY." We will do the same... If we do not have
enough evidence, we “Fail to reject H,."

3. The Jury never says “INNOCENT,” because OJ will never tell us the truth.
We NEVER accept the null hypothesis because we have a chance of
making a mistake

e Discussion Questions:
a) OJwas found “not guilty” in the criminal trial. He was found “guilty” in the

civil trial. Why?

b) What are 2 possible errors that could happen in our jury system?
TYPEA: Tuay Frauos 0T G iy, BT HE IS INNOCENT

e

ar a' Jukr Fino &I NoT Gui Ity WHEN H:‘E \S
ired 7 Fe . Ry



Type [ and Type Ii Errors

O When we draw a conclusion from a significance test, we hope our
conclusion will be correct. But sometimes it will be wrong.

O There are two types of mistakes we can make and it is very
important how recognize and interpret these errors!!i!

O F_WE ReITecT Howhen Hyis __ T RUE , we have
committed a Type I error. (+,+)

O Fwe €A ReJecT  HpywhenH,is FALSe  (OR
H, is true), we have committed a Type Il error. - -)

O Fill in table:

Truth about the population

H, false
H, true (H, true)
Reisct o COQLECI‘ @l
I-JI Type_-L_error| conclusion
Conclusion 0 .
based on (OO — (P"‘“‘ 5. E E’\;
sample  Failto |(oggzcr @ Type T
reject conclusion ernTr_
iy (&)

SATED Ao Ee LAY @

|T'}IPEI cRRap l“'—fh& o ) k\l Po%e S'S 1S TLUE__, but
ces WRONG DeECisiam ' =

-T‘ffﬂn £REOR | "N The al+ ernehve ‘\};PQM;eg,is f:,TRUE.J M

cer WRANG DE Cigygp !
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Example “Perfect Potatoes”

A potato chip producer and its main supplier agree that each shipment of
potatoes must meet certain quality standards. If the producer determines
that more than 8% of the potatoes in the shipment have “blemishes,” the
truck will be sent away to get another load of potatoes from the supplier.
Otherwise, the entire truckload will be used to make potato chips. To
make the decision, a supervisor will inspect a random sample of potatoes
from the shipment. The producer will then perform a significance test
using the hypotheses

H,: p=0.08 PsTToss MET THe STROALD

H,:p>0.08 Tosmadt BAd POTRTVES
where p is the actual proportion of potatoes with blemishes in a
given truckload

Describe Type | & Type Il error in this setting; explain |
consequences of each:

/T“E CombPanlY FNDS CaNnvid NG
EUVIDEnNCE THERE w ERE TOO manyY

(0@5‘“’*149@ BAD Porhtoas, Liken 1IN FACT THE
b Propoesian ofF BAD PoThoes s §%

» A Type | error would occur if...

«Consequence.
TRocks oF RMWES Ace SENT MA*[[/
WITW GeoD Pathroey AnD The

Compuny LosES Mam ey

TWe comPANY Does NOT Fiad
» AType Il error would occur if... — ConvineI NG eviosdce The RTWTES

[Go«“—{b‘_.‘- Weee BAD pynen 1N FACT THE
keSS ausel = p s
v PRoPozT™w~n OF BAp PoTRTDE
-Consequence: IS Geeatee THAY 9D
The (‘0”\?\‘«&)" wWiLtL MAXE /
CHAPS Ly vty BAD PaThTgs WHTCH CORSEQUFUCE 15 woksE 7
AND UPSET CusTomees. * You con argye ethern way -

TeTYPE XL 1S m oL £ SERIOUS — Iowerol

\E TYPe 1L 15 Mot SERIVS - INcreasSe
ol




Type | and Il Errors—
Try this practice problem

Faster fas t food?” - see Activity 9. 1B (answer key)

Example "Faster fast food?” The manager of a fast-food restaurant
want to reduce the proportion of drive-through customers who have
o wait more than 2 minutes to receive their food once their order is
placed. Based on store records, the proportion of customers who had
to wait at least 2 minutes was p = 0.63. To reduce this proportion, the
manager assigns an additional employee to assist with drive-through
orders. During the next month the manager will collect a random
sample of drive-through times and test the following hypotheses:
HO: p= 0‘6'63 Lostomer Service 4id MOTIMFDUC
H,: p<0.63 Customer Service dd In\‘omue

where p = the frue proportion of drive-through customers who
have fo wait more than 2 minutes after their order is placed to
receive their food.

Describe Type | & Type Il error in this setting; explain
consequences of each:

* AType | error would occur if... THE Man ACER FinDS  ComViNCinC

Relcd Wo when W Trug Evidedce (usTvmed Scevics HAS ;MFLOUE%
PTire T)= WHeN 1IN FACT (3%, oF CusTmers
oCOnsequence- wﬂ-:T' LoNGEL THAA 2.“‘?”015'%
L’N*’““ GER IS spPend more J's (J

Fol AD DI Wonar EMPLoYBE AND
CoSTOMEL SECNicE WAS NeT |[M PRered

*AType ll error would occurif... The MANAGEL T>ox WJT FIAD
[ Faicwmo eesecr Ho, UKEW HyTeve |  Convindin e EVIDEACE Cosmm Ec
SERUCE BAS IMPRoUED LI TH EXTé‘:%
E FACT
«Consequence: EMPLEYEE , W WEN IN

OF custom€Ees WR\T LESS

MmaN acER FiRES ADDITIoNAL TRAN 2 MNITES

EMPLOYEE AND UPSET
COSTOMELS Wi M TPour SERVICE



AP Stats Calculating Power, Type | and Type Il Errors
WHAT You NEED To KNOw !

Quote from AP Statistics Teacher Forum

“Do not try to teach any calculations about Type Il error or power, Not only is that
not required, it can be confusing and it distracts students from understanding the
concepts. They need to know what the two types of error are and what power is.
They need to be able to explain them in the context of the questions. And they
need to understand the interactions among the errors, power, sample size and
effect size. But no calculationsl®
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