


A researcher claims that the average age of a woman before she has her first child is greater than the 1990 mean age
of 26.4 years, on the basis of data obtained from the National Vital Statistics Report, Vol. 48, No. 14. She obtains a
simple random sample of 40 women who gave birth to their first child in 1999 and finds the sample mean age to be

27.1 years. Assume that the standard deviation is 6.4 years. Are you convinced the average age has increased? Test at
the 5% level of significance

The Claim

The Hypotheses
The test Statistic
The p-value
Make a decision

Write your decision in the context of the claim



The Claim

A researcher claims that the average age of a woman before she has her first child is greater than the 1990 mean age
of 26.4 years, on the basis of data obtained from the National Vital Statistics Report, Vol. 48, No. 14. She obtains a
simple random sample of 40 women who gave birth to their first child in 1999 and finds the sample mean age to be

27.1 years. Assume that the standard deviation is 6.4 years. Are you convinced the average age has increased? Test at
the 5% level of significance

The Claim:

The average age of a woman before she has her first child is greater than the 1990 mean age



The Hypotheses

A researcher claims that the average age of a woman before she has her first child is greater than the 1990 mean age
of 26.4 years, on the basis of data obtained from the National Vital Statistics Report, Vol. 48, No. 14. She obtains a
simple random sample of 40 women who gave birth to their first child in 1999 and finds the sample mean age to be

27.1 years. Assume that the standard deviation is 6.4 years. Are you convinced the average age has increased? Test at
the 5% level of significance
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The Test Statistic

A researcher claims that the average age of a woman before she has her first child is greater than the 1990 mean age
of 26.4 years, on the basis of data obtained from the National Vital Statistics Report, Vol. 48, No. 14. She obtains a
simple random sample of 40 women who gave birth to their first child in 1999 and finds the sample mean age to be

27.1 years. Assume that the standard deviation is 6.4 years. Are you convinced the average age has increased? Test at
the 5% level of significance
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HyperStat Online Home Page

The p-value

23.364 24376 25.388 26.4

27412 28424 19436

® Area from a value (Use to compute p from Z)
() Value from an area (Use to compute Z for confidence intervals)

Specify Parameters:

Meanzo4
D

® Above
O Below |1.96

O Between |-0.83 | and |1.26 |
O Outside |-1.96 |and | 1.96 |
Results:

Area (probability) [0.2446
Recalculate



Decision

We can’t reject Ho

In Context



Testing Sample Proportions



The problem

About 10% of the human population is left-handed. Suppose that a researcher speculates that artists are more likely to be
left-handed than are other people in the general population. The researcher conducts a SRS and surveys 150 artists and
finds that 18 of them are left-handed. Does this sample support the researcher’s claim? Conduct a significance test using =
0.05



The Claim

About 10% of the human population is left-handed. Suppose that a researcher speculates that artists are more likely to be
left-handed than are other people in the general population. The researcher conducts a SRS and surveys 150 artists and
finds that 18 of them are left-handed. Does this sample support the researcher’s claim? Conduct a significance test using =
0.05

The proportion of artists that are left handed is higher than the general population
of people



The Hypotheses

About 10% of the human population is left-handed. Suppose that a researcher speculates that artists are more likely to be
left-handed than are other people in the general population. The researcher conducts a SRS and surveys 150 artists and
finds that 18 of them are left-handed. Does this sample support the researcher’s claim? Conduct a significance test using =
0.05

05
B >0 N Olten



The test statistic and P-value(an applet)

http://goo.gl/vU8upM



http://goo.gl/vU8upM
http://goo.gl/vU8upM

Decision and context

P-value0: 0.2071
Level of Significance: 0.05

Cannot Reject Ho

The sample evidence does not support the the claim the proportion of artists that
are left handed is higher than the general population of people



Testing Sample Means
The t-distribution



An example

Check for Normality
SRS (or a random sample of some type)
Is the sample size at least 30 pieces of data? (n>30)?

If not, is the Parent population Normally distributed (or check with a Normal Probability Plot <link>)

Vehicle Emission Inspection A certain vehicle emission in-
spection station advertises that the wait time for customers is
less than 8 minutes. A local resident is skeptical and collects a
random sample of 49 wait times for customers at the testing
station. He finds that the sample mean is 7.34 minutes, with a
standard deviation of 3.2 minutes. Does the sample evidence
support the resident’s skepticism? Use the &« = 0.01 level of
significance.


https://docs.google.com/spreadsheets/d/1wjsN1FGkLTE8PC-oo0YfOHMTzzZJM4Hj0jACoKV8L54/edit?usp=sharing

The Claim

Vehicle Emission Inspection A certain vehicle emission in-
spection station advertises that the wait time for customers is
less than 8 minutes. A local resident is skeptical and collects a
random sample of 49 wait times for customers at the testing
station. He finds that the sample mean is 7.34 minutes, with a
standard deviation of 3.2 minutes. Does the sample evidence
support the resident’s skepticism? Use the a = 0.01 level of
significance.

The Company’s Claim: The wait time for an inspection is longer
than 8 minutes



The Hypotheses

Vehicle Emission Inspection A certain vehicle emission in-
spection station advertises that the wait time for customers is
less than 8 minutes. A local resident is skeptical and collects a
random sample of 49 wait times for customers at the testing
station. He finds that the sample mean is 7.34 minutes, with a
standard deviation of 3.2 minutes. Does the sample evidence
support the resident’s skepticism? Use the e = 0.01 level of
significance.



The test statistic and p-value

Theory-Based Inference

Scenario’ | One mean v | Sample Data Theory-Based Inference
# Test of significance
Paste Data Hop =8
Hab|<|8
n: |49 | Calculate
_ sD sD T
mean, X: |7.34
mean=8.00
sample sd, s: 3.2 SD=0.457
| Calculate | Mean
| Reset |
4 5 8 T 8 a 10 1
vanabe
g.2 7.1 B 8.0 8.8
{ Ilill
t=-4 t=-2 =0 t=2 =4



Wrong way

Theory-Based Inference

Scenario’ | One mean v| Sample Data

Paste Data

n: (49
sD
mean, X: |7.34

Rossman/Chance Applet Collection

Theory-Based Inference
#| Test of significance

Hol = 8
Hg =8

Calculate

sample sd, s: 3.2

| Calculate |

| Reset |

Mean

mean=8.00
SD=0.457

vansbe




Decision in context

Woarding of
final conclusion

(This is the
only case in
which the
"nrigin.'ll elaim
I8 rejected.)

“There is not M
| evidence to warrant
{Criginal claim rejection of the claim
does not contain that .. . wﬂ.'ﬂum:ll
equality and .
becomes H,)
(This is the
“The sample data only cage in

support the claim which the
that . . . (original claim),” B original claim
' ' s supported.)

“There ia nat sufficlent
sample evidence to
support the claim

that . . . (original claim).”




Conditions

. Waiting in Line The mean waiting time at the drive-through

of a fast-food restaurant from the time an order is placed to the
time the order is received is 84.3 seconds. A manager devises a
new drive-through system that he believes will decrease wait
time. He initiates the new system at his restaurant and meas-
ures the wait time for 10 randomly selected orders. The wait
times are provided in the table.

108.5 67.4 58.0 759 65.1
80.4 95.5 86.3 70.9 72.0

(a) Because the sample size is small, the manager must verify
that wait time is normally distributed and the sample
does not contain any outliers. The normal probability
plot and boxplot are shown. Are the conditions for test-
ing the hypothesis satisfied?

Fondarzdlmg o of 'windr Tinees
~ara

;
— 60 70 80 90 100 110
- Wait Time

(b) Is the new system effective? Use the a« = (.1 level of sig-
nificance.



The claim

Waiting in Line The mean waiting time at the drive-through
of a fast-food restaurant from the time an order is placed to the
time the order is received is 84.3 seconds. A manager devises a
new drive-through system that he believes will decrease wait
time. He initiates the new system at his restaurant and meas-
ures the wait time for 10 randomly selected orders. The wait
times are provided in the table.

108.5 674 58.0 09 65.1
80.4 95.5 86.3 70.9 72.0

The new drive thru system will decrease the average wait time.



The Hypotheses

Waiting in Line The mean waiting time at the drive-through
of a fast-food restaurant from the time an order is placed to the
time the order is received is 84.3 seconds. A manager devises a
new drive-through system that he believes will decrease wait
time. He initiates the new system at his restaurant and meas-
ures the wait time for 10 randomly selected orders. The wait
times are provided in the table.

108.5 674 58.0 0.9 65.1
80.4 95.5 86.3 70.9 72.0



Tael' ctatictir anA Nnoviahnia

Theory-Based Inference

S O +| Sample Data Theory-Based Inference
# Test of significance
¥ Paste Data Hy U = (843
Includes header Ha | < |84.3

Sample Data:  Calculate |

5z o

67.4 mean=54.30

75.8 SC=4.808

§5.1

50,4

55,5

g6.3 (] -m : - (] [l [l

70.9

T2 ki 50 a0 70 80 a0 100 110

|z variable
Use Data || Clear |

n: |10
65.1 4.7 84.3 g3.0 103.5
i:: llill }

mean, X: '_7"'3-'00'0 |
sample sd, s: 15.205 -. t=—4 =2 t=0 =2 t=4

1
=]

| Calculate | standardized statistic [ t=-1.31  |df



Decision in Context

Cannot reject Ho

The sample data does not support the claim that the new drive thru system will
decrease the average wait time.



Testing Sample Proportions
Check conditions: SRS and n(p)>= 10 and n(1-p)>=10
Write the claim

The Hypotheses:

Testing Hypotheses Regarding a Population Proportion, p

To test hypotheses regarding the population proportion, we can use the following
steps, provided that

1. The sample is obtained by simple random sampling.

2. npy(1 — py) = 10.

3. The sampled values are independent of each other.

Step 1: Determine the null and alternative hypotheses. The hypotheses can be
structured in one of three ways:

Two-Tailed Lett-Tailed Right-Tailed
Hy p = py Hy p = py Hy p = py
Hy:p# py Hyp < py Hyip=p

Note: p; is the assumed value of the population proportion.

Run test with Rossman Chance applet <Link> to get the test statistic and the p-value

Make a decision in context


http://www.rossmanchance.com/applets/TOSCalculator.html

Testing Sample Means:
Write the claim

The Hypotheses

Two-Tailed Left-Tailed Right-Tailed
Hy p = py Hy p = py Hy p =
Hyw # g Hyp < gy Hyp = py

Note: py is the assumed value of the population mean.

Check for Normality

SRS (or a random sample of some type)

Is the sample size at least 30 pieces of data? (n>30)?

If not, is the Parent population Normally distributed (or check with a Normal Probability Plot <link>)
Run test with Rossman Chance applet <Link> to get the test statistic and the p-value

Make a decision in context


https://docs.google.com/spreadsheets/d/1wjsN1FGkLTE8PC-oo0YfOHMTzzZJM4Hj0jACoKV8L54/edit?usp=sharing
http://www.rossmanchance.com/applets/TOSCalculator.html

Wording of
final conclusion

is is the

i nly case in
-* -* ich the
iginal claim riginal claim

contains equality) 5 rejected.)

No
(Original claim
does not contain
equality and
becomes H,)
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(This is the
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ich the
riginal claim
s supported.)

Yes

(Reject Hp)
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