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The Normal Distribution, Margin of Error, and Hypothesis Testing 
 

Additional Resources 
 

The Normal Distribution and Central Limit Theorem 
• Explanations and Visuals 

o http://www.statisticshowto.com/central-limit-theorem-examples/  
o https://www.cliffsnotes.com/study-guides/statistics/sampling/central-limit-

theorem  
o http://sphweb.bumc.bu.edu/otlt/MPH-

Modules/BS/BS704_Probability/BS704_Probability12.html  
• Videos 

o https://www.youtube.com/watch?v=xgQhefFOXrM 
o https://www.youtube.com/watch?v=c11d3vVM5v8 
o https://www.youtube.com/watch?v=PM7z_03o_kk  
o https://www.youtube.com/watch?v=jvoxEYmQHNM  
o https://www.youtube.com/watch?v=LVFC2f9kHq4  
o https://www.youtube.com/watch?v=hqiMcHqlZ4s  

 
Margin of Error and Confidence Intervals 

• Explanations and Visuals 
o http://www.statisticshowto.com/probability-and-statistics/hypothesis-

testing/margin-of-error/  
o http://www.dummies.com/education/math/statistics/how-to-calculate-the-margin-

of-error-for-a-sample-proportion/  
• Videos 

o https://www.youtube.com/watch?v=owQnG8-42lA  
o https://www.youtube.com/watch?v=Vw7-HZ9g8Gs  
o https://www.youtube.com/watch?v=UogOJHgJDqs  

 
Hypothesis Testing 

• Explanations and Visuals  
o http://www.statisticshowto.com/probability-and-statistics/hypothesis-testing/  

(ignore Bayesian hypothesis testing for now – it’s beyond this class) 
o http://stattrek.com/hypothesis-test/hypothesis-testing.aspx 
o https://onlinecourses.science.psu.edu/stat502/node/139  
o http://onlinestatbook.com/2/logic_of_hypothesis_testing/steps.html  

• Videos  
o https://www.youtube.com/watch?v=k1at8VukIbw 
o https://www.youtube.com/watch?v=W3L_Uw3vDjM  
o https://www.youtube.com/watch?v=bekNKJoxYbQ  
o https://www.youtube.com/watch?v=XAY9swflVys  
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Practice Problems 
 

Answer Key on Page 4 
 

1. Surf’s Up! 
a. Suppose I conducted a survey of a simple random sample of 1,000 San Diego 

residents to find out what percentage of San Diegans know how to surf. The 
results from my survey indicate that 35% of my sample of San Diego residents 
knows how to surf. What is the margin of error for this estimate?  What is the 95 
percent confidence interval? 

 
b. Suppose I ran out of time and could only interview a simple random sample of 

300 San Diego residents. I found that 35% of my sample knew how to surf.  
i. What is the margin of error of this statistic?  

ii. Is the margin of error bigger in (a) or (b)? Why do you think that is? 
 

c. Suppose that instead of conducting a simple random sample, I asked 200 people at 
the beach whether they know how to surf. I found that 80% of my sample knew 
how to surf.  What problems might arise because of my sampling procedure? 

 
2. Significance Tests for Proportion  

a. Suppose I conducted a survey on a simple random sample of 1,000 residents of 
Los Angeles and asked them if they knew how to surf. I want to compare the 
proportion of LA residents to the proportion of San Diego residents (from the 
simple random sample of 1,000 described earlier) who know how to surf.  Below 
is the data from my survey:  

 
City Knows how to surf Doesn’t know how to surf Total 

San Diego 350 650 1000 
Los Angeles 150 850 1000 

Total 500 1500 2000 
 
 

b. What is the proportion of respondents in San Diego who know how to surf? 
 

c. What is the proportion of respondents in LA who know how to surf? 
 

d. What is the standard error of the proportion of respondents in San Diego who 
know how to surf? 

 
e. What is the standard error of the proportion of respondents in LA who know how 

to surf? 
 

f. What is the 95% confidence interval around the difference of the two proportions? 
 

g. What is the null hypothesis? 
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h. What is the alternate hypothesis? 

 
i. Do we reject or fail to reject the null hypothesis? Why? 

 
 
 

3. Significance Tests for Difference of Means 
a. Are the Warriors significantly taller than the Lakers? Below is some data on the 

heights of the players in the starting lineup for the Golden State Warriors and the 
Lakers: 

 
Warriors Lakers 

Stephen Curry 75 inches Lonzo Ball 78 inches 
Klay Thompson 79 inches Kentavious Caldwell-

Pope 
77 inches 

Kevin Durant 81 inches Julius Randall 81 inches 
Draymond Green 79 inches Brook Lopez 84 inches 
Zaza Pachulia 83 inches Brandon Ingram 81 inches 
 
 
 

i. What is the mean height of the Warriors’ starting lineup? 
 

ii. What is the mean height of the Lakers’ starting lineup? 
 

iii. What is the standard deviation for the Warriors? 
 

iv. What is the standard deviation for the Lakers? 
 

v. What is the standard error for the Warriors? 
 

vi. What is the standard error for the Lakers? 
 

vii. What is the 95% confidence interval for the difference in means between 
the Lakers and the Warriors? 

 
viii. What is the null hypothesis? 

 
ix. What is the alternative hypothesis? 

 
x. Do we reject or fail to reject the null hypothesis? Why? 
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Practice Problems 
 

Answer Key 
 

1. Surf’s Up! 
a. Suppose I conducted a survey of a simple random sample of 1,000 San Diego 

residents to find out what percentage of San Diegans know how to surf. The 
results from my survey indicate that 35% of my sample of San Diego residents 
knows how to surf. What is the margin of error for this estimate?  What is the 95 
percent confidence interval? 

 

 
 

0.35 ± 2
(.35)(1− .35)

1000
 

 

0.35 ± 2
. 35 (.65)
1000

 

 

0.35 ± 2
0.48
31.6 

 
0.35 ± 2 ∗ 0.02 

 
0.35 + .04 = 0.39 
0.35 - .04 = 0.31 

 
95% Confidence Interval: (.31, .39) 

 
Interpretation: We can be 95% confident that the true value of the population proportion of San 
Diegans who know how to surf is between .31 and .39. A more sophisticated interpretation is 

that if we collected infinite sample proportions, 95% of the sample proportions would fall 
between .31 and .39.  

 
 

b. Suppose I ran out of time and could only interview a simple random sample of 
300 San Diego residents. I found that 35% of my sample knew how to surf.  

i. What is the margin of error of this statistic? 
 

N
pp

p
)ˆ1)(ˆ(ˆ 2 −

±
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0.35 ± 2
(.35)(1− .35)

300
 

 

0.35 ± 2
. 35 (.65)
300

 

 

0.35 ± 2
0.48
17.3 

 
0.35 ± 2 ∗ 0.03 

 
0.35 + .06 = 0.41 
0.35 - .06 = 0.29 

 
95% Confidence Interval: (.29, .41) 

 
Interpretation: We can be 95% confident that the true value of the population proportion of San 
Diegans who know how to surf is between .29 and .41. A more sophisticated interpretation is 

that if we collected infinite sample proportions, 95% of the sample proportions would fall 
between .29 and .41.  

 
ii. Is the margin of error bigger in (a) or (b)? Why do you think that is? 

 
The margin of error is bigger in (b) when we only had a sample of 300 respondents. This is 

because our sample size is smaller. 
 

c. Suppose that instead of conducting a simple random sample, I asked 200 people at 
the beach whether they know how to surf. I found that 80% of my sample knew 
how to surf.  What problems might arise because of my sampling procedure? 

 
2. Significance Tests for Proportion  

a. Suppose I conducted a survey on a simple random sample of 1,000 residents of 
Los Angeles and asked them if they knew how to surf. I want to compare the 
proportion of LA residents to the proportion of San Diego residents (from the 
simple random sample of 1,000 described earlier) who know how to surf.  Below 
is the data from my survey:  

 
City Knows how to surf Doesn’t know how to surf Total 

San Diego 350 650 1000 
Los Angeles 150 850 1000 

Total 500 1500 2000 
 
 

b. What is the proportion of respondents in San Diego who know how to surf? 
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350/1000 = 0.35 
 

c. What is the proportion of respondents in LA who know how to surf? 
 

150/1000 = 0.15 
 

d. What is the standard error of the proportion of respondents in San Diego who 
know how to surf? 

 

 
 

𝑠𝑡𝑑. 𝑒𝑟𝑟𝑜𝑟!"# !"#$% =  
(.35)(1− .35)

1000
 

= 0.02 
 
 

e. What is the standard error of the proportion of respondents in LA who know how 
to surf? 

 

𝑠𝑡𝑑. 𝑒𝑟𝑟𝑜𝑟!"# !"#$%$& =  
(.15)(1− .15)

1000
 

= 0.01 
 
 

f. What is the 95% confidence interval around the difference of the two proportions? 
 

 
 

. 15 −  .35 ± 2 ∗  . 02! + . 01! 
 

−.2 ± 2 ∗  . 0004 +  .0001 
 

−.2 ± 2 ∗  . 0005 
 

−.2 ± 2 ∗  .022 
 

−.2 ± .044 
 

-.2+.044 = -0.156 
-.2 - .044 = -0.244 
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95% Confidence Interval: (-0.244, -0.156) 
 

g. What is the null hypothesis? 
 

There is no difference in the proportion of residents who know how to surf in LA and the 
proportion of residents who know how to surf in San Diego. Written differently:  

 
𝑝!" −  𝑝!"# !"#$% = 0 

 
h. What is the alternate hypothesis? 

 
𝑝!" −  𝑝!"# !!"#$ ≠ 0 

 
 

i. Do we reject or fail to reject the null hypothesis? Why? 
 
We reject the null hypothesis. This is because 0 is not inside our 95% confidence interval. This 
means that if we drew infinite samples from LA and San Diego and calculated the proportion 
that know how to surf, the difference between two sample proportions would not include 0 in 
95% of these samples.  
 
 

3. Significance Tests for Difference of Means 
a. Are the Warriors significantly taller than the Lakers? Below is some data on the 

heights of the players in the starting lineup for the Golden State Warriors and the 
Lakers: 

 
Warriors Lakers 

Stephen Curry 75 inches Lonzo Ball 78 inches 
Klay Thompson 79 inches Kentavious Caldwell-

Pope 
77 inches 

Kevin Durant 81 inches Julius Randall 81 inches 
Draymond Green 79 inches Brook Lopez 84 inches 
Zaza Pachulia 83 inches Brandon Ingram 81 inches 
 
 
 

i. What is the mean height of the Warriors’ starting lineup? 
 

(75+79+81+79+83)/5 = 79.4 inches 
 

ii. What is the mean height of the Lakers’ starting lineup? 
 

(78+77+81+84+81)/5 = 80.2 inches 
 

iii. What is the standard deviation for the Warriors? 
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Xi Mean Xi – Mean (Xi – Mean)2 

75 79.4 -4.4 19.4 
79 79.4 -0.4 0.16 
81 79.4 1.6 2.6 
79 79.4 -0.4 0.16 
83 79.4 3.6 13.0 

 
19.4+0.16+2.6+0.16+13= 35.3 

 
35.3/(5-1) 

 
35.3/4 = 8.825 

 
8.825 = 2.97 

 
iv. What is the standard deviation for the Lakers? 

 
Xi Mean Xi – Mean (Xi – Mean)2 

78 80.2 -2.2 4.8 
77 80.2 -3.2 10.2 
81 80.2 0.8 0.64 
84 80.2 3.8 14.4 
81 80.2 0.8 0.64 

 
4.8+10.2+.64+14.4+.64 = 30.7 

 
30.7/(5-1) 

 
30.7/4 = 7.675 

 
7.675 = 2.77 

 
 

v. What is the standard error for the Warriors? 
 

 
2.97
5
= 1.33 

 
 

vi. What is the standard error for the Lakers? 
 

2.77
5
= 1.24 

 

1

1
1

ˆ
.

N
errorstd σ

=
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vii. What is the 95% confidence interval for the difference in means between 
the Lakers and the Warriors? 

 

 
 

80.2 − 79.4 ± 2 ∗  1.33! +  1.24! 
 

0.8 ± 2 ∗  1.77 +  1.54 
 

0.8 ± 2 ∗  3.31 
 

0.8 ± 2 ∗  1.82 
 

0.8 ± 3.64 
 

0.8+3.64 = 4.44 
0.8 – 3.64 = -2.84 

 
95% Confidence Interval of the Difference of Means: (-2.84, 4.44) 

 
 

viii. What is the null hypothesis? 
 

There is no difference in height between the Lakers and the Warriors. 
𝑋!"#$%& = 𝑋!"##$%#& 

 
OR, written differently: 

 
𝑋!"#$%& − 𝑋!"##$%#& = 0 

 
 

ix. What is the alternative hypothesis? 
 

𝑋!"#$%& ≠ 𝑋!"##$%#& 
 

OR, written differently: 
 

𝑋!"#$%& − 𝑋!"##$%#& ≠ 0 
 
 

 
x. Do we reject or fail to reject the null hypothesis? Why? 

 
We fail to reject the null hypothesis that the difference in mean height of the Lakers and Warriors is equal to zero. 

This is because 0 lies within our 95% confidence interval of the difference of the means.  
 

2
2

2
112 ).().(2)( errorstderrorstdXX +⋅±−


