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Chapter 8

Hypothesis Testing




Objectives

» Understand the terms used in hypothesis testing.
» Explain the five-step hypothesis-testing procedure.
» Describe Type | and Type Il errors.

» Test hypothesis about a population mean using z test.
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Introduction

Researchers are interested in answering many types of questions. For example,

A physician might want to know whether a new medication will lower a person’s blood
pressure.

An educator might wish to see whether a new teaching technique is better than a
traditional one.

A retail merchant might want to know whether the public prefers a certain color in a new
line of fashion.

Automobile manufacturers are interested in determining whether a new type of seat belt
will reduce the severity of injuries caused by accidents.

These types of questions can be addressed through statistical hypothesis testing, which is a
decision-making process for evaluating claims about a population.

In hypothesis testing, the researcher must define the population under study, state the
particular hypotheses that will be investigated, give the significance level, select a sample
from the population, collect the data, perform the calculations required for the statistical test,
and reach a conclusion.
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Hypothesis and Hypothesis Testing

A hypothesis Is a statement about a population. Data are then used to check the
reasonableness of the statement. To begin we need to define the word hypothesis.

HYPOTHESIS Is a statement about the value of a population parameter
developed for the purpose of testing.

HYPOTHESIS TESTING is a decision-making process for evaluating
claims about a population based on sample evidence and probability theory.
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Five-Step Procedure for Testing a Hypothesis

Step 1

NULL HYPOTHESIS is a statement about the value of a population parameter
developed for the purpose of testing numerical evidence, designated H,

ALTERNATE HYPOTHESIS Is a statement that Is accepted if the sample data
provide sufficient evidence that the null hypothesis is false, designated H,
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Five-Step Procedure for Testing a Hypothesis

Step 2

Selecta
> level of
significance

LEVEL OF SIGNIFICANCE is the probability of rejecting the null hypothesis
when It is true, designated a.

TYPE | ERROR is rejecting the null hypothesis, H, , when it is true.

TYPE Il ERROR is accepting the null hypothesis, H, , when it Is false.
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Five-Step Procedure for Testing a Hypothesis

Step 3

State null and Select a dentify the Formulate a
alternate level of test decisit
hypotheses ignificance statistic

There are many test statistics. In this chapter we use only z test statistic

TEST STATISTIC is a value, determined from sample information, used to
determine whether to reject the null hypothesis.

(observed value) — (expected value)
standard error

Test value =
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Five-Step Procedure for Testing a Hypothesis

Step 4
Formulate a
> decision
rule

A decision rule iIs a statement of the specific conditions under which the null
hypothesis is rejected or not rejected.

P-VALUE is the probability, computed using the test statistic, that measure the
degree to which the sample will support the null hypothesis.

Decision Rule When Using a P-Value

If P-value = a, reject the null hypothesis.
If P-value = a, do not reject the null hypothesis.
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Five-Step Procedure for Testing a Hypothesis

Step 5 Do not
: * reject H,

or

reject H,
and

accept H,

The final step In hypothesis testing Is using the sample data to compute the test
statistic and p-value, comparing the p-value to the significance level, and making a
decision to reject or not to reject the null hypothesis.

Claim
Decision Claim is Hyg Claim is H,4
Reject Hy There is enough There is enough
evidence to reject evidence to support
the claim. the claim.

Do not reject Hy | There is not enough | There is not enough
evidence to reject evidence to support
the claim. the claim.
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Possible Outcomes of a Hypothesis Test

The following table summarizes the decisions the researcher could make and the
possible consequences.

Researcher
Null Does Not Reject Rejects
Hypothesis H, H,

H, s true

H, is false
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Important Things to Remember about H, and H,

H,: null hypothesis vs H;: alternate hypothesis

H, and H, are mutually exclusive and collectively exhaustive
H, Is always presumed to be true, H, has the burden of proof

A random sample (n) is used to “reject Hy”

If we conclude 'do not reject H,', this does not necessarily
mean that the null hypothesis is true, it only suggests that
there Is not enough evidence to reject H,; rejecting the null

hypothesis then, suggests that the alternative hypothesis may

be true.
Equality is always part of H, (=, >, <).
#, <, and > always part of H;

In problem solving, look for key words and convert them

into symbols. Some key words include: “

29

, €tC.

Keywords

Symbol

larger (more) than
greater than, above
higher (bigger) than
Increased

smaller (less) than
lower (shorter) than
below

decreased (reduced)

not more than
less than or equal
at most

IA

not less than
greater than or equal
at least

v

different from
not equal to
changed from
not the same as

exactly the same as
equal to

not changed from
the same as
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Hypothesis Setups for Testing a Mean ()

Ho: 1 = value Ho: 1 2 value Ho: 1 < value
Hq: 1 # value Hi: u < value Hi: 1 > value

Use Z-distribution

If the population standard deviation is known Z =

If the population standard deviation is not known and the sample size is at least
30.
X—u

s/\n
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Hypotheses

EXAMPLES
State the null and alternative hypotheses for each conjecture.

= The average number of monthly visits/sessions on the Internet by a person at
home has increased from 36 in 2009.

HO: U S 36 VS. Hl: U > 36
= The average age of first-year medical school students is at least 27 years.
HO: U 2 27 VS. Hl: U < 27

= The average weight loss for a sample of people who exercise 30 minutes per
day for 6 weeks Is 8.2 pounds.

HO: U = 8.2 VS. Hl: U + 8.2
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Z Test for a Mean
EXAMPLE

A researcher believes that the mean age of medical doctors in a large hospital
system is older than the average age of doctors in the United States, which is 46.
Assume the population standard deviation iIs 4.2 years. A random sample of 28
doctors from the system is selected, and the mean age of the sample is 48.6. Test

the claim at o= 0.05.
Step 1: State the null and alternate hypotheses.
Hy:u <46 H,:u>46
Step 2: Select the level of significance.
o = 0.05 as stated in the problem

Step 3: Select the test statistic.
Use z-distribution since o 1S known

Ste

Ste

0 4: Decision rule.
f P-value < 0.05, reject H,

0 5: Analyze the data and

Interpret the result.
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z Test for a Mean

Step 1: Enter the data summary as Label, mean, Standard deviation and sample size respectively.

Book1 - Excel i > St ep 2.
File Home I ut Formulas Data Review View Developer Help = A Select ”DATA”
[EI [%9 'TI/' E}I( =53] ]| = Data Analysis
- B ® o= | Bl Bl Rl | S ML then “MegaStat”
e ata o ata orecas utline egaStat
Data ~ E2 Types v | Filter » | Tools - - - then “Hypothesis Tests”

Analysis Statistics

then “Mean vs. Hypothesized Value”

A5
A
age -
A8.6 MegaStat
4.2 ®
28 MegaStat
- Descriptive Statistics... -
Frequency Distributions tinl

Probability

Confidence Intervals/Sample Size...| 2~ _ Cancel |
Hypothesis Tests .
Help |

Analysis of Variance Compare Two Independent Groups
Correlation / Regression Paired Observations
Time Series / Forecasting Proportion vs. Hypothesised Value
Chi-square / Crosstab Compare Two Independent Proportions
Nonparametric Tests Chi-square Variance Test
Quality Control Process Charts...

Random Number Generation...
Utilities
Help / Information

= asl

PN MN=S S a3 a3 3 3 a3 3 3
kwmaowmwmmhwmdgwmwmmhwmd

Sheet1 @ < »

Ready [E& = B — | +  100%
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z Test for a Mean

Step 3: Select “summary input”. || Step 4: Select data. Step 6: Select the sign of the
AutoSave (@ o) > Bookl) - Excel TV | alternative hypothesis.

File Home Insert ge H as Data Review View Developer
= 3 Data Analysis
E:ﬁ & [& D m: =) 7 &H e y
Hepmn ~ : :
Get Refresh ata Data Forecast Outline MegasStat
Data -~ == All ~ ypes iltg Tools ~ ~ ~
Get & Transform Data | Queries & Connections | Daty Typke Analysis Statisties -~ Step 8

-

Hypothesis Test: Mean vs.\Bypotliggized Value
A i \

" data input - s

=

age

18.6 mary input OK
L;; | Sheet11$5A$1:5A%$4 4

;I Inpupfoafge
| | Select range with label, mean, s.d., n
—— . Cancel
Alternative;

| 46 ;I Hypothesized mean | greater tha"LI Help

Clear

[ Display confidence

Step 5: Input the value of Step 7: Select z test.
the Hypothesized mean.

NINNN == || | | [ [ [
WN = QLo nbwNn=o RN N~ WN =

%

Sheet1 @ « >

ey EH o — i +  100%
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z Test for a Mean

Since the p-value 0.0005

>
File Home Insert Draw Page Layout Formulas Data Review View Developer Help = L - -
| B Date Analysi IS less than 0.05, H, Is
Eé [[;E gcz IrEu [H (><>/- N = =37 &H = Data Analy: L , 0

AutoSave (@ oOff)

pata~ BB el Mo el s BT L rejected. We conclude that
ijﬁansfmm s Queries&@mecﬁons‘;atawpes Analysis o o there is enough evidence
AL s | c - : ‘ - ; . J - - to support the claim that
'Hypothesis Test: Mean vs. Hypothesized Value the mean age of medical
j§§§§ E{ggg‘}?j‘*d T Compare the p-value with the significance level doctors _m a Iarge hOSpIt&'
e n S and interpret the results. SyStem Is older than the

328 = average age of doctors in
9005 Pruslus (onertaled, tppen the United States, which is
406.

-

Output | Sheet1 | @ P »

eady EH (1 [ B +  100%

MNRNMNMNMNRMN= = = 3 3 3
o ‘m&wmaowmwmmgwmdowmwmmhwr\J—1
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Z Test for a Mean

EXAMPLE

A researcher believes that the mean age of medical doctors in a large hospital

system Is not less than the average age of doctors in the United States, which is
46. Assume the population standard deviation is 4.2 years. A random sample of
28 doctors from the system is selected, and the mean age of the sample is 48.6.

Test the claim at a = 0.05.

Step 1: State the null and alternate hypotheses. Step 4: Decision rule.
Ho- n =46 Hy:p <46 f P-value < 0.05, reject H,,
Step 2: Select the level of significance. Step 5: Analyze the data and

a = 0.05 as stated in the problem Interpret the result.

Step 3: Select the test statistic.
Use z-distribution since o 1S known
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z Test for a Mean

Step 1: Enter the data summary as Label, mean, Standard deviation and sample size respectively.

Book1 - Excel i > St ep 2.
File Home I ut Formulas Data Review View Developer Help = A Select ”DATA”
[EI [%9 'TI/' E}I( =53] ]| = Data Analysis
- B ® o= | Bl Bl Rl | S ML then “MegaStat”
e ata o ata orecas utline egaStat
Data ~ E2 Types v | Filter » | Tools - - - then “Hypothesis Tests”

Analysis Statistics

then “Mean vs. Hypothesized Value”

A5
A
age -
A8.6 MegaStat
4.2 ®
28 MegaStat
- Descriptive Statistics... -
Frequency Distributions tinl

Probability

Confidence Intervals/Sample Size...| 2~ _ Cancel |
Hypothesis Tests .
Help |

Analysis of Variance Compare Two Independent Groups
Correlation / Regression Paired Observations
Time Series / Forecasting Proportion vs. Hypothesised Value
Chi-square / Crosstab Compare Two Independent Proportions
Nonparametric Tests Chi-square Variance Test
Quality Control Process Charts...

Random Number Generation...
Utilities
Help / Information

= asl

PN MN=S S a3 a3 3 3 a3 3 3
kwmaowmwmmhwmdgwmwmmhwmd

Sheet1 @ < »

Ready [E& = B — | +  100%
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z Test for a Mean

Step 3: Select “summary input”.

Step 4: Select data.

AutoSave (@ o

File Home INert  Draw

Nage Layout Formulas Data Review View /Develope

SAED AHMAD ALI DOBAH ALGHAMDY  SA = =

7 Comments

ﬁ [EI [‘é Queries & Connections ? 7 EE ﬁ EE ﬁ @ H EDataAnalysiS
Bpp B o5 @ o
Get Refresh Filter Textto _, What-If Forecast | Outline MegaStat
Data ¥ E All ~ D EAdvanced Columns E® ~ @4 Analysis v Sheet
Get & Transform Data Sort & Filter Data Tools Analysis Statistics A
AS v
Hypothesis Test: Mean @ 1ypothesized Value o
A | Q R S T U -
L
1 |age (" data input @ summary input
2 48.6
3 42 1| sheet11§a1:5A%4 / [ tance Clear
4 28
5 Select range with label, mean, s.d., n
§ . ) Cancel
6 Alternative:
7 Hypothesized mean N Help
8
9
11 " ft-test 0 ‘;:t_eg,t_'\TDisplay confidence :
12
T T I I
13 .
b / \ Step 6: Select the sign of
15 . .
16 the alternative hypothesis.
v | Step 5: Inutp the value of S
18
© | the Hypothesized mean
- yp Step 7: Select z test.
21
22
23
24
25
26 m
27 E'
sheet! | @ [ o
L=zl i B -—— 100%
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z Test for a Mean

o o A — P :earclh(A|t+Q)l-‘I SAED AHMAD ALl DOBAH ALGHAMDY | SA ¢ m - h X Since the p_Value 0.9995
@pp [ Eomscme & g o @ Y GRS % ER ER|a]|mee | IS greff\ter than 0.05, H, Is
GD::EVEE D erlevs Queries & C i StockSD TCurrenues : il O SDI‘::;ItFAd VVVVV : C;:n;z]tsaiénlsv AnaI;SFi—Z;GELQ:;S v Analysis Ste:t]:ti: A nOt reJeCted. We ConCIUde
C - that there is not enough
e e 9 avidence to reject the

g Hypothesis Test: Mean vs. Hypothesized Value CI al m that the mean age 0 f
S s e . —— medical doctors in a large
; 0734 w0 et Compare the p-value with the significance hospital system is not less

28 n 1

130 level and interpret the results. than the average age of

1; 93952 ';Z)—’vm(one—tailed lower) dOCtorS In the Unlted

s States, which is 46.

i

17

18

19 |

20

1 | Output [ Sheett | @ o ‘

Ready i O -+ 120%
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Z Test for a Mean

EXAMPLE

A motorist claims that the city police issue an average of 60 speeding tickets per day.
The following data show the number of speeding tickets issued each day for a randomly

selected period of 32 days. Is there enough evidence to reject the claim at 0.107

72 45 36 68 69 71 57 60
83 26 60 72 58 8 48 59
60 56 64 68 42 57 57 66
58 63 49 73 75 42 63 59

Step 1: State the null and alternate hypotheses.  Step 4: Decision rule.
Hy: u=060 Hy:u#60 If P-value < 0.1, reject H,
Step 2: Select the level of significance. Step 5: Analyze the data and
o = 0.10 as stated in the problem Interpret the result.

Step 3: Select the test statistic.
Use z-distribution since n 1s more than 30
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z Test for a Mean

Step 1: Enter the data

Book4 - Excel /O Search (Alt+Q) SAED AHMAD ALl DOBAH ALGHAMDY

File sert Draw Page Layout Formulas Data Review View Developer Help 7 Comments & Share
[ r [ Queries & Connections A NE = M B= @ il . Data Analysis

@E I I:c% E @ @ - zl — G B =2 @ -

Get Refresh stocks Currencies 5| | Z| Sort Filter ! Text to I__\f - What-If Forecast | Outline Megastat
Data v E All ~ & EAdvanced Columns E® ~ @ Analysis ¥ Sheet e

Get & Transfo) Queries & Connections Data Types Sort & Filter Data Tools Forecast Analysis Statistics ~
D8 Jr v
A B C D E F G H | J K L | M N O P Q R S T U |z‘

] l

7
R Step 2:
2 83 MegaStat " ”
3 60 Descriptive Statistics... q SEIeCt DATA
Frequency Distributions ~ear “ ”

4 58 Probabiliy then “MegaStat
: 45 Confidence Intervals/Sample Size... Cancel |

| Hypothesis Tests . Hypothesised Value

then “Hypothesis Tests”

26 Analysis of Variance Compare Two Independent Groups
Correlation / Regression Paired Observations “ H ”
56 Time Series / Forecasting Proportion vs. Hypothesised Value \ th en M ean Vs. H ypOt h esize d Va | ue
Chi-square / Crosstab Compare Two Independent Proportions
63 Nonparametric Tests Chi-square Variance Test

Quality Control Process Charts...

9 36
7 Random Number Generation...
10 60 Utilities
7 Help / Information
11 64
12 49 Repeat Last Option il J
13 68 ' ‘ ' '
14 72
15 68
16 73 o
| Output | Sheet3 | Sheetl | (3 [«] | ]
Ready 1] m 5+ 100%
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z Test for a Mean

Step 6: Select the sign of the
alternative hypothesis.

Step 3: Select “Data input”. Step 4: Select data.

File Page Layout Data Review View Developer Help =
CaH : & "= Data Analysis
E% . g\; ae B3 58 .
Get Data Sort £ Forecast Cutline MegaStat
Data ~ == [B‘ Types ~ ools ~ ~ ~
Analysis Statistics o~
Bl - Step 8
A 1 J 1 - /
1 72 A
2 83
3 60
4 : 53 ® data input (" s
5 45
6 | 26 | 'Sheet3'1$A$1:$A$32
7 | 56
8 63 Alternative:
9 36 Ve
10: 60 | 60 ;I Hypothesized mean | not equal vI Help |
11 | 64
12 | 49
13 68 é
14: o> ¢ thest \ [ Display confidence
15 | 68 \
16 | 73 / \
17 | 69
15 = Step 5: Input the value of | | Step 7: Select z test.
20 | 75 ;
= 75 the Hypothesized mean.
22 | 87
23 | 57
- ‘qOutput Sheet1 Sheet3 4 >
@
Ready BB ] — B +  100%
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z Test for a Mean

AutoS (@ o) > .
—— A1 Since the p-value 0.9675
File Home Insert Draw Page Layout Formulas Data Review View Developer Help = - . .
Epn | [T | & | v IB]] (e ||| S| ) is greater than 0.1, H, is
fresh o ata orecas utline -
pata ~ B3 A~ B | Typesv | Fiter~ | Toglsv - - e not rejected. We conclude
Get & Transform Data | Queries & Connections | Data Types Analysis Statistics o~

r¥E : £ . that there is not enough
i > ‘ j S H ! J < - evidence to reject the

13 |

1451 Hypothesis Test: Mean vs. Hypothesized Value Clalm that the Clty pOI ICe

0004 o Data . — issue an average of 60
19 2303 Std eror Compare the p-value with the significance speedin tickegtis er da
> level and interpret the results. P J P %

22

23 0.04

24 9875 "p-value (two-tailed)
25

26
27
28
29
30
31

32
33
34
35
36
37 -

Output | Sheet1 | Sheet3 | @ P >

Ready £23] | - 1 +  100%
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Z Test for a Mean

EXAMPLE

A motorist claims that the city police issue an average of at least 65 speeding tickets per
day. The following data show the number of speeding tickets issued each day for a

randomly selected period of 32 days. Is there enough evidence to reject the claim at

0.017? 72 45 36 68 69 71 57 60
83 26 60 72 58 87 48 59
60 56 64 68 42 57 57 66
58 63 49 73 75 42 63 59

Step 1: State the null and alternate hypotheses.  Step 4: Decision rule.
Hy:pn=>65 Hy:pn <65 If P-value < 0.01, reject Hy

Step 2: Select the level of significance. Step 5: Analyze the data and

o = 0.01 as stated in the problem . Interpret the result

Step 3: Select the test statistic.
Use z-distribution since n is greater than 30
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Summary

v’ Astatistical hypothesis is a conjecture about a population.

v There are two of statistical hypotheses: the null and the alternative
hypotheses. The equality iIs always part of the null hypothesis.

v Researchers compute a test value from the sample data to decide whether the
null hypothesis should be rejected.

v The null hypothesis is rejected when the difference between the population
parameter and the sample statistic is said to be significant.

v The level of significance, a , is the probability of committing a type | error
which is rejecting the null hypothesis when it is true.

v A second kind of error, the type Il error, can occur when the null hypothesis is
not rejected when It is false.
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Summary

v All hypothesis-testing situations using the P-value method should include the
following steps:

1. State the hypotheses and identify the claim.
2. Select the significance level, a.

3. Select the test statistics.

4. Formulate the decision rule.

5. Analyze the data and interpret the results.

v The z test is used to test a mean when the population standard deviation is
known or when the sample size is at least 30.
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