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LECTURE 4 HOMEWORK: 
QUESTIONS AND SOLUTIONS



EXERCISE 6.48

Newbold et al (2013)



EXERCISE 6.48 A):  SOLUTION

 Answer:

ഥ𝑿 ~ Normal(µ, σ2/n)

Standard Normal Distribution Table

Standard Deviation of ഥ𝑿



EXERCISE 6.48 B):  SOLUTION

 Answer:

Q =
(𝒏−𝟏)𝑺𝟐

𝝈𝟐  ~ 𝝌𝟐
(n-1) 

Alternative Solution:

 P 𝑆2 < 𝑎  = 0.05  P
(𝒏−𝟏)𝑺𝟐

𝝈𝟐 <
𝒏−𝟏 𝒂

𝝈𝟐   = 0.05 

 P 𝑄 <
24×𝒂

𝟏𝟎𝟎
  = 0.05 

Then 
24×𝑎

100
= 𝜒2

0.05;24 = 13.8484  

 a = 100 × 13.8484/ 24 = 57.70

Chi-Square Distribution Table



EXERCISE 6.48 C):  SOLUTION

 Answer:

Q =
(𝒏−𝟏)𝑺𝟐

𝝈𝟐  ~ 𝝌𝟐
(n-1) 

Chi-Square Distribution Table

Alternative Solution:

 P 𝑆2 > 𝑎  = 0.05  P
(𝒏−𝟏)𝑺𝟐

𝝈𝟐 >
𝒏−𝟏 𝒂

𝝈𝟐   = 0.05 

 P 𝑄 <
24×𝒂

𝟏𝟎𝟎
  = 0.95 

Then 
24×𝒂

𝟏𝟎𝟎
= 𝜒2

0.95;24 = 36.4150 

 a = 100 × 36.4150/ 24 = 151.73



LECTURE 5: CONFIDENCE 
INTERVAL FOR THE MEAN (𝝈𝟐 
KNOWN)



CONFIDENCE INTERVALS WE 
WILL CONSIDER

Newbold et al (2013)



CONFIDENCE INTERVAL ESTIMATE 
FOR THE MEAN (𝝈𝟐 KNOWN)

Newbold et al (2013)
Quantile of the standard normal distribution 

corresponding to probability 1- α/2

𝑧
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𝛼
2

×
𝜎

𝑛

𝑧
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𝛼
2

1 −
𝛼

2

n ≥ 25



CI ESTIMATE FOR THE MEAN (𝝈𝟐 KNOWN): 
CONFIDENCE LIMITS 

Newbold et al (2013)

ҧ𝑥 ± 𝑧
1−

𝛼
2

×
𝜎

𝑛

ҧ𝑥 + 𝑧
1−

𝛼
2

×
𝜎

𝑛

ҧ𝑥 − 𝑧
1−

𝛼
2

×
𝜎

𝑛



CI ESTIMATE FOR THE MEAN (𝝈𝟐 
KNOWN): MARGIN OF ERROR

Newbold et al (2013)

𝑧
1−

𝛼
2

×
𝜎

𝑛

𝑧
1−

𝛼
2

×
𝜎

𝑛

Note:

The margin of error is 

half the width of the 

confidence interval. 

Equivalently, the width 

of the interval is twice 

the margin of error.



CI ESTIMATE FOR THE MEAN (𝝈𝟐 KNOWN): 
REDUCING THE MARGIN OF ERROR

Newbold et al (2013)

𝑧
1−

𝛼
2

×
𝜎

𝑛

Note:

The margin of error 

decreases when the 

standard deviation is 

smaller or the sample size 

is larger, and increases when 

the critical value 

(confidence level) is higher.



Z-QUANTILES FOR A 95% 
CONFIDENCE INTERVAL 

Newbold et al (2013)

z0.975 = 1.96 is the quantile of the 

standard normal distribution 

corresponding to a cumulative 

probability of 0.975. 

Z0.975 = 1.96

1-α = 0.95  α = 0.05 

1- α/2 = 0.975

𝑧
1−

𝛼

2
 = z0.975 = 1.96



COMMON LEVELS OF 
CONFIDENCE

Newbold et al (2013)

𝑧
1−

𝛼
2

Note:

•The most commonly used confidence 

levels are 90%, 95%, and 99%.

Quantiles



INTERVALS AND LEVEL OF 
CONFIDENCE

Newbold et al (2013)
Note:

•The confidence level is the probability that 

the interval, not the parameter, contains the 

true population value.



CI ESTIMATE FOR THE 𝝁 
(𝝈𝟐 KNOWN): EXAMPLE

Newbold et al (2013)



CI ESTIMATE FOR THE 
𝝁 (𝝈𝟐 KNOWN): EXAMPLE

ҧ𝑥 ± 𝑧
1−

𝛼
2

×
𝜎

𝑛

n = 11 (sample size)

ҧ𝑥 = 2.20 (sample mean)

σ = 0.35 (population standard 

deviation)

1 – α = 0.95 (confidence level), then 

α = 0.05 and z1-α/2 = z0.975 = 1.96 

(see previous slide)

CI0.95(µ) = (1.9932; 2.4068)

Newbold et al (2013)



EXERCISE 7.13

Newbold et al (2013)



EXERCISE 7.13 A):  SOLUTION

 Answer:

𝐼𝐶 1−𝛼 (µ) = ҧ𝑥 − 𝑧
1−

𝛼
2

×
𝜎

𝑛
, ҧ𝑥 + 𝑧

1−
𝛼
2

×
𝜎

𝑛

1-α = 0.80  α = 0.20 

1- α/2 = 0.90

𝑧
1−

𝛼

2
= z0.90 = 1.28155

Z0.90 =1.28155

Z0.90

Standard Normal Distribution Table



EXERCISE 7.13 B):  SOLUTION

 Answer:

𝐼𝐶 1−𝛼 (µ) = ҧ𝑥 − 𝑧
1−

𝛼
2

×
𝜎

𝑛
, ҧ𝑥 + 𝑧

1−
𝛼
2

×
𝜎

𝑛

𝑧
1−

𝛼
2

Alternative Solution:

ME = 𝑧
1−

𝛼

2
×

𝜎

𝑛
 = (210.0 – 165.8)/2 = 22.1

Then 𝑧
1−

𝛼

2
×

𝜎

𝑛
 = 22.1  𝑧

1−
𝛼

2
= 22.1 × 𝑛/σ=2.0463

Using Standard Normal DistributionTable: 

𝑧0.9798 ~ 2.05 then 1 −
𝛼

2
= 0.9798 

 α = 0.0404

1- α = 1-0.0404= 0.9596 (95.96%)

Note:

The margin of error is 

half the width of the 

confidence interval. 



LECTURE 5: CONFIDENCE 
INTERVAL FOR THE MEAN (𝝈𝟐 
UNKNOWN)



CONFIDENCE INTERVAL ESTIMATION 
FOR THE MEAN (𝝈𝟐 UNKNOWN)

Newbold et al (2013)



CONFIDENCE INTERVAL ESTIMATION 
FOR THE MEAN (𝝈𝟐 UNKNOWN)

Newbold et al (2013)



CONFIDENCE INTERVAL ESTIMATION 
FOR THE MEAN (𝝈𝟐 UNKNOWN)

Newbold et al (2013)
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𝛼
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𝑠

𝑛
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𝛼
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𝑠

𝑛



CI ESTIMATE FOR THE MEAN 

(𝝈𝟐 UNKNOWN): MARGIN OF ERROR

Newbold et al (2013)

ҧ𝑥 ± 𝑡
1−

𝛼
2;𝑛−1

×
𝑠

𝑛

MSE = 𝑡1−
𝛼

2
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𝑠

𝑛

𝐶𝐼 1−𝛼 (µ) = ҧ𝑥 − 𝑡
1−

𝛼
2
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×

𝑠

𝑛
, ҧ𝑥 + 𝑡

1−
𝛼
2

;𝑛−1
×

𝑠

𝑛



CI ESTIMATE FOR THE 
𝝁 (𝝈𝟐 UNKNOWN): EXAMPLE

Newbold et al (2013)

ҧ𝑥 ± 𝑡
1−

𝛼
2

;𝑛−1
×

𝑠

𝑛

n = 25 (sample size)

ҧ𝑥 = 50 (sample mean)

s = 8 (sample standard deviation)

1 – α = 0.95 (confidence level), then 

t0.975;24 = 2.0639 (see Student´s table)

𝑡1−
𝛼

2
;𝑛−1 =  𝑡0.975;24 = 2.0639

CI95% (µ) = (46.698, 53.302)

𝐶𝐼 1−𝛼 (µ) = ҧ𝑥 − 𝑡
1−

𝛼
2

;𝑛−1
×

𝑠

𝑛
, ҧ𝑥 + 𝑡

1−
𝛼
2

;𝑛−1
×

𝑠

𝑛



EXERCISE 7.28

Newbold et al (2013)



EXERCISE 7.28:  SOLUTION

 Answer:

𝑡0.95;24 = 1.711

n = 25 (sample size)

ҧ𝑥 = 42.740 (sample mean)

s = 4.780 (sample standard deviation)

1 – α = 0.90 (confidence level), 

then t1-α/2; n-1 = t0.95;24 = 1.711 (see 

Student´s table)

Student´s t Distribution Table



EXERCISE 7.28:  SOLUTION

 Answer:

CI90% (µ) = (41.103, 44.377)

𝑀𝐸 = 𝑡0.95;24×SE = 1.711×SE = 1.711×956 = 1636.82

n = 25 (sample size)

ҧ𝑥 = 42.740 (sample mean)

s = 4.780 (sample standard deviation)

1 – α = 0.90 (confidence level), 

then t1-α/2; n-1 = t0.95;24 = 1.711 (see 

Student´s table)

𝐶𝐼 1−𝛼 (µ) = ҧ𝑥 − 𝑡
1−

𝛼
2

;𝑛−1
×

𝑠

𝑛
, ҧ𝑥 + 𝑡
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2
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×

𝑠

𝑛



LECTURE 5: CONFIDENCE 
INTERVAL FOR THE 
PROPORTION



CONFIDENCE INTERVAL ESTIMATION 
FOR POPULATION PROPORTION

Newbold et al (2013)



CONFIDENCE INTERVAL ESTIMATION 
FOR POPULATION PROPORTION 

Newbold et al (2013)



CONFIDENCE INTERVALS FOR THE 
POPULATION PROPORTION

Newbold et al (2013)

Z = 
 ෝ𝒑− 𝑷

𝑷(𝟏−𝑷)

𝒏

 ~ Normal(0, 1)



CONFIDENCE INTERVAL ENDPOINTS

Newbold et al (2013)

Ƹ𝑝 ±𝑧
1−

𝛼
2

𝑧
1−

𝛼
2

n ≥ 25

𝐶𝐼 1−𝛼 (𝑝) = Ƹ𝑝 − 𝑧
1−

𝛼
2

×
Ƹ𝑝(𝟏 − Ƹ𝑝)

𝒏
, Ƹ𝑝 + 𝑧

1−
𝛼
2

×
Ƹ𝑝(𝟏 − Ƹ𝑝)

𝒏



CONFIDENCE INTERVALS FOR THE 
POPULATION PROPORTION: EXAMPLE

Newbold et al (2013)



CONFIDENCE INTERVALS FOR THE 
POPULATION PROPORTION: EXAMPLE

Interpretation:

• We are 95% confident that the true proportion of left-handers in 

the population is between 16.51% and 33.49%. 

• Although the interval from 0.1651 to 0.3349 may or may not 

contain the true proportion, 95% of intervals formed from samples 

of size 100 in this manner will contain the true proportion.

Newbold et al (2013)

CI95% (p) = (0.1651, 0.3349)

CI95% (p) = (16.51%, 33.49%)

n = 100 (sample size)

Ƹ𝑝 = 25/100 (sample 

proportion)

1 – α = 0.95 (confidence level), 

then 𝑧
1−

𝛼

2
= z0.975 = 1.96 (see 

Standard Normal Distribution 

Table)



EXERCISE 7.40

Newbold et al (2013)



EXERCISE 7.40:  SOLUTION

 Answer:

CI95% (p) = (0.63, 0.72)

𝐶𝐼 1−𝛼 (𝑝) = Ƹ𝑝 − 𝑧
1−

𝛼
2

×
Ƹ𝑝(𝟏 − Ƹ𝑝)

𝒏
, Ƹ𝑝 + 𝑧

1−
𝛼
2

×
Ƹ𝑝(𝟏 − Ƹ𝑝)

𝒏

n = 300 (sample size)

Ƹ𝑝 = 243/360 (sample proportion)

1 – α = 0.95 (confidence level), 

then 𝑧
1−

𝛼

2
= z0.975 = 1.96 (see 

Standard Normal Distribution 

Table)



LECTURE 6: CONFIDENCE 
INTERVAL FOR THE VARIANCE



ESTIMATION FOR THE POPULATION 
VARIANCE

Newbold et al (2013)



CONFIDENCE INTERVALS FOR THE 
POPULATION VARIANCE 

Newbold et al (2013)



CONFIDENCE INTERVALS FOR THE 
POPULATION VARIANCE

Newbold et al (2013)

Q =
(𝒏−𝟏)𝑺𝟐

𝝈𝟐  ~ 𝝌𝟐
(n-1) 

     Q

𝝌𝟐
n-1,1-α is 

> 𝝌𝟐
n-1,1-α



CONFIDENCE INTERVALS FOR THE 
POPULATION VARIANCE

Newbold et al (2013)

𝐶𝐼 1−𝛼 (σ2) =
(𝑛 − 1)𝑠2

𝜒
1−

𝛼
2

,𝑛−1

2 ,
(𝑛 − 1)𝑠2

𝜒𝛼
2

,𝑛−1

2

χ²(1-α/2, n-1)

χ²(α/2, n-1)



CONFIDENCE INTERVALS FOR THE 
POPULATION VARIANCE: EXAMPLE

Newbold et al (2013)



FINDING THE CHI-SQUARE VALUES

Newbold et al (2013)

n = 17 (sample size)

s = 74 (sample standard deviation)

α = 0.05 (significance level)

1 – α = 0.95 (confidence level)

χ²(0.025, 16)  = 6.91

χ²(0.975, 16)  = 28.85 (see Chi-Square 

Distribution Table)

χ²(1-α/2, n-1) = χ²(0.975, 16)  = 28.85

χ²(α/2, n-1) = χ²(0.025, 16)  = 6.91



CALCULATING THE CONFIDENCE 
LIMITS 

Newbold et al (2013)

CI95% (σ2) = (3037, 12680)

χ²(1-α/2, n-1) χ²(α/2, n-1)

CI95% (σ) = (55.1, 112.6)

𝐶𝐼 1−𝛼 (σ2) =
(𝑛 − 1)𝑠2

𝜒
1−

𝛼
2

,𝑛−1

2 ,
(𝑛 − 1)𝑠2

𝜒𝛼
2

,𝑛−1

2



EXERCISE 7.49

Newbold et al (2013)



THANKS!
Questions?
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