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Logistics
● How did the midterm go? 
● Last half of the semester, how are we feeling?
● Next Week: U.S. Presidential Elections !

● Tutoring section will be rescheduled. Following options:
● Monday 11am-1pm (PST)
● Wednesday 11am-1pm (PST)
● Online Walkthrough

Per usual:
● Feedback Form: https://tinyurl.com/feedbackD8Kevin

All resources can be found on kevin-miao.com



Today
● Bootstrapping

○ Conceptual Overview
○ Methodology
○ Worksheet

● Confidence Intervals
○ Defining Confidence Intervals
○ Generating CIs
○ Worksheet



Bootstrapping
● Setup: A sample can always turn out different. If we were to 

calculate the average number of Trump vs Biden voters of two 
different surveys, the averages might turn out differently.

● Goal: Instead of generating one value, we want to generate a 
range of plausible values that could be the parameter of interest.

● Related concepts:
○ CI/Hypothesis Testing
○ Law of Averages



Bootstrapping procedure
● Obtain one large simple random sample
● For i in range np.arange(number of resamples):

○ Resample original sample with replacement
■ What happens if we resample without replacement?

○ Calculate statistic and append it to your array of interest.
● Result: Array of items 
● What can we do with this result?

○ Confidence Intervals
○ Collecting averages of resamples has some cool properties

■ Central Limit Theorem (Lecture later this week)



Worksheet

Link: https://tinyurl.com/d8tutweek10
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Practice Problems 
¼.¼ Suppose Se have a sample of the heights of ¼»» UC BerkeleU students contained in a 
table KeLJKWV � draSn as a simple random sample from the population of UC BerkeleU 

students� We Sould like to estimate the average height of the UC BerkeleU population� To 
do so� Se Sill use the average height in our sample as our estimate�  
Here are the first À roSs of the table KeLJKWV � 

 
a.  IdentifU the population parameter and sample statistic for this particular eTperiment� 
Which of these tSo quantities is random� 
Population parameter� the average height of all BerkeleU students� this is not random 
Statistic� the average height of students in our sample� random because it is a function of 
the sample that is itself random�  

 
 
b.  We Sould like to use the bootstrap to generate an empirical distribution for our 
statistic� Fill in the code such that SaUaPeWeU_eVWLPaWeV  contains ¼»�»»» bootstrapped 

sample statistics� 
HEJP� YKQ IaU fEJd PDe PabHe IePDKd VaPSOe  DeHLfQH EJ PDEO LNKbHeI�  

SaUaPeWeU_eVWLPaWeV = ______________________ 

fRU L LQ ____________________: 

SaUaPeWeU_eVWLPaWe = _________________________________ 

SaUaPeWeU_eVWLPaWeV = ________________________________ 

 
SaUaPeWeU_eVWLPaWeV = PaNe_aUUa\() 
fRU L LQ QS.aUaQJe(10000): 

SaUaPeWeU_eVWLPaWe 
=QS.PeaQ(KeLJKWV.VaPSOe(100).cROXPQ(³HeLJKW´)) 

SaUaPeWeU_eVWLPaWeV = 
QS.aSSeQd(SaUaPeWeU_eVWLPaWeV,SaUaPeWeU_eVWLPaWe) 

 
SaUaPeWeU_eVWLPaWeV 
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c� WhU do Se haRe Po Oample SiPh NeplacemenP� WhaP SoQld Phe hiOPogNam of 
parameWer_eVWimaWeV  look like if Se Oampled SiPhoQP NeplacemenP� 

We aNe Oampling SiPh NeplacemenP Po geP a OenOe of a diffeNenP Oample� ThiO meanO PhaP 
eReNU poinP in Phe oNiginal Oample can appeaN mQlPiple PimeO in Phe neS Oample oN noP 
appeaN aP all� Sampling SiPhoQP NeplacemenP SoQld giRe UoQ Phe Oame Oample eReNU Pime� 
 

½  Confidence InPeNRal 
KeU ConcepPO 
OReNRieS 

So faN� Se haRe QOed Phe booPOPNap Po geP a OenOe of Phe RaNiabiliPU of oQN 
Oample OPaPiOPic� OQN goal in PhiO OecPion Sill be Po idenPifU a Nange of RalQeO in Shich 
oQN eOPimaPoN Sill moOP likelU appeaN� PNeRioQOlU� Se coQld onlU deOcNibe a Oample 
SiPh a Oingle nQmbeN  Phe RalQe of oQN eOPimaPoN¡�  NoS� inOPead of OaUing �BaOed on 
mU Oample� Phe aReNage heighP of BeNkeleU OPQdenPO iO aNoQnd X incheO�� Se SanP Po 
be able Po OaU �WiPh confidence YÎ� Phe aReNage heighP of BeNkeleU OPQdenPO lieO in 
Phe Nange  X¼� X½¡�� Do UoQ Oee ShU Phe Oecond OPaPemenP iO mQch moNe infoNmaPiRe 
Phan Phe fiNOP� 

DefiniPion 
PNoRideO a Nange of poOOible RalQeO in Shich Phe PNQe RalQe of a paNamePeN 

SoQld lie SiPh Oome degNee of ceNPainPU� Confidence inPeNRalO aNe QOed Po qQanPifU 
Phe QnceNPainPU  of a paNPicQlaN eOPimaPe� 

HoS Po GeneNaPe a Confidence InPeNRal 
¼� GeneNaPe an empiNical diOPNibQPion of oQN eOPimaPe QOing OPepO ¼ PhNoQgh ¿ 

fNom Phe pNeRioQO OecPion�  
½� Decide on a confidence leRel� A PUpical confidence leRel people chooOe iO ÄÀÎ� 

bQP UoQ coQld alOo chooOe oPheN leRelO� like Ä»Î oN ÄÄÎ� WhaP aNe Phe 
benefiPO and dNaSbackO of chooOing a higheN confidence leRel�  

¾� OQN ÄÀÎ confidence inPeNRal Sill be Phe ¯middle ÄÀÎ¯ of all of oQN eOPimaPeO 
fNom Phe empiNical diOPNibQPion of Phe Oample OPaPiOPicO� The �middle ÄÀÎ� 
lieO bePSeen Phe ½�ÀPh peNcenPile and Phe ÄÂ�ÀPh peNcenPile� Do UoQ Oee ShU 
PhiO iO Phe caOe�  
 

SQppoOe PhaP Se picked oQN confidence leRel Po be Ã»Î� WhaP peNcenPileO of oQN empiNical 
diOPNibQPion OhoQld Se chooOe noS� 
We SoQld pick Phe ¼»Ph and Ä»Ph peNcenPile� 
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size lenctable
tbh SampleC with replacement True

returns table

population paarete average height of all UC Berkeley
sample statistic average height of the loo students insample

make arrayc
hparanscc10000

coeunncHeightupmeanC heightssamplef
upappendCparameter estimatesparameter estimate

some randomness we want to play around wi that Your replacement givesus
exactly the same table

uninformative



Confidence Intervals
● Cool, so what else can we do with bootstrapping?
● Bootstrapping tells us how different a certain statistic 

can turn out through giving us an interval.
● Confidence Intervals allow us to give a measure of

confidence.
● For instance, “With 95% confidence, we can say that 

Berkeley students spend between $10 and $15 on 
lunch”



Confidence Intervals more
● Generating Confidence Interval

○ Determine what confidence you want: 90%, 95%, 97%?
○ Always remember:

■ For a x% confidence interval, you take the middle x 
percent

○ For instance, 95% confidence interval starts at 2.5th percentile 
to the 97.5th percentile.

● What are the pros/cons of a wider confidence interval?
● Sins:

○ Never say “There is a 95% chance that this is the value”
○ Sample Size != Number of Resamples

5 p value
9 q

Mae likely
tocapture

Maybetoo wide
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Practice Problems 
½.1 Tonight is the Monster Mash� We�re trUing to determine the median spookiness level of 
ghosts� We are given a sample of ghosts in the form of a one column table called 
VSRRN\_VaPSOH  that contains ½»» numbers� Each number describes how spookU a ghost 

is on a scale from » to ¼»� You can assume that the sample is a simple random sample from 
the population of all ghosts� Fill in the code below to create a function that returns a ÄÀÎ 
confidence interval as a ½�item arraU for the median spookiness level in the population of 
ghosts�  

 
dHI caQd\_cRUQILdHQcH_LQWHUYaO(VSRRN\_VaPSOH,  UHSOLcaWLRQV): 

UHVXOW_PHdLaQV = _____________________ 
IRU L LQ _____________________________: 

UHVaPSOH_PHdLaQ = _________________________________ 
PHdLaQ = _________________________________________ 
UHVXOW_PHdLaQV = _________________________________ 

OHIW_HQd = _____________________________ 
ULJKW_HQd = _____________________________ 
UHWXUQ __________________________ 
 

dHI caQd\_cRUQILdHQcH_LQWHUYaO(VSRRN\_VaPSOH, UHSOLcaWLRQV): 
UHVXOW_PHdLaQV = PaNH_aUUa\() 
IRU L LQ QS.aUaQJH(UHSOLcaWLRQV): 

UHVaPSOH_PHdLaQ = VSRRN\_VaPSOH.VaPSOH() 
PHdLaQ = SHUcHQWLOH(50, UHVaPSOH_PHdLaQ.cROXPQ(0)) 
UHVXOW_PHdLaQV = QS.aSSHQd(UHVXOW_PHdLaQV, PHdLaQ) 

OHIW_HQd = SHUcHQWLOH(2.5, UHVXOW_PHdLaQV) 
ULJKW_HQd = SHUcHQWLOH(97.5, UHVXOW_PHdLaQV) 
UHWXUQ PaNH_aUUa\(OHIW_HQd, ULJKW_HQd) 

 
a.  If we run the function Uou wrote above multiple times� will it alwaUs return the same 
interval� WhU or whU not� 
The intervals will probablU be similar but will not necessarilU be the same� The reason is 
that the empirical  distribution we generate everU time is a random quantitU and as a result� 
the interval calculated is itself random� 
 
½.½ There exists a median spookiness level for the population of all ghosts� We call this the 
�true median spookiness level� of the population� 

a. What percent of the population will be contained in the confidence interval� 
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f
np.araigeadaupuiaii.us

spooky sample Samples
ripmedianc resample median columnCoD

np appendcrescetmediansmedian
percentile cr.is result medias
service car result mediasmake arraycutt end right end

No bc each time we do not come to randomness
will be a hottiediffert
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The intervals will probablU be similar but will not necessarilU be the same� The reason is 
that the empirical  distribution we generate everU time is a random quantitU and as a result� 
the interval calculated is itself random� 
 
½.½ There exists a median spookiness level for the population of all ghosts� We call this the 
�true median spookiness level� of the population� 

a. What percent of the population will be contained in the confidence interval� 

 

 

We can’t make an assessment on the amount of the population in the confidence 
interval. We use our confidence interval to estimate a population parameter, not to 
make any other statements about the individuals in the population. 

 
 

b. What is the probability that the interval we calculate will contain the “true 
median spookiness level� of the population? 
We cannot say the probability the interval will contain the true median. This is 
because the true parameter lies as a fixed point, meaning it is either inside or 
outside the interval. That being said, we don’t associate a probability with whether 
or not the interval contains the true median. 

 
c. If we were to compute ¼»» confidence intervals with the function from ¾.¼, how 
many of those confidence intervals would we expect to capture the true median 
spookiness level? 
We would expect around ÄÀ percent of them to lie in the interval. This is because 
our confidence represents our cKnfidence in Phe LNKceOO and our process outputs a 
single interval. That being said, if we repeated the process many times, we expect 
around ÄÀ percent of those intervals to contain the true parameter. 

 

 

We can’t make an assessment on the amount of the population in the confidence 
interval. We use our confidence interval to estimate a population parameter, not to 
make any other statements about the individuals in the population. 

 
 

b. What is the probability that the interval we calculate will contain the “true 
median spookiness level� of the population? 
We cannot say the probability the interval will contain the true median. This is 
because the true parameter lies as a fixed point, meaning it is either inside or 
outside the interval. That being said, we don’t associate a probability with whether 
or not the interval contains the true median. 

 
c. If we were to compute ¼»» confidence intervals with the function from ¾.¼, how 
many of those confidence intervals would we expect to capture the true median 
spookiness level? 
We would expect around ÄÀ percent of them to lie in the interval. This is because 
our confidence represents our cKnfidence in Phe LNKceOO and our process outputs a 
single interval. That being said, if we repeated the process many times, we expect 
around ÄÀ percent of those intervals to contain the true parameter. 

 

NO we can't infer anything about population

solely on CI

Tt's not a probability
A value can be in a hot in the intruce

O

95 of them will contain the true median



Old exam question (FA19 Final) 



Old exam question (FA19 Final) 



End of Section
● Please complete the anonymous Feedback form so I can improve 

my teaching:
● https://tinyurl.com/feedbackD8Kevin

● Solutions and notes will be posted as soon as possible.

● Email me if you have any questions: kevinmiao@berkeley.edu


