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Logistics
● A u-GSI might be joining our section at any point to 

evaluate me
● Project Parties (Zoom links on Piazza):

○ Tues 12/1 7-8pm
○ Wed 12/2 8-9pm

● On my website, you will find a list of exam questions
categorized per topic so you can practice
○ Remember,

■ Study smart, not hard!



Today
● Classification, Decision Boundaries and the ML

Paradigm

● [Review] Pick one:
○ Hypothesis Testing/Inference
○ A/B Testing
○ Regression Inference



Worksheet

Link: https://tinyurl.com/d8tutweek15



Classification
● Two main problems in ML

○ I want to predict a number given inputs
■ Linear Regression (Last couple of weeks)

○ I want to predict a category given inputs
■ Classification

● Example 1: Can we predict whether a person has cancer 
based on their lifestyle, lab results?

● Example 2: Can we predict whether a person will end up 
buying a certain product on a webshop based on their 
behavior?



Classification
● To create a classifier, we need:

○ Data/Observations: Data where we both have the classes and 
features

○ Attributes: Characteristics of an individual. Categorical variables will
be denoted with 1s and 0s.

○ Population: A larger group of individuals which we try to predict

● ML Paradigm:
○ Training Data: Practice Exam with access to solutions
○ Testing Data: Final Exam where we only have access to the 

solutions after we apply our classifier to it.
○ Typical Split: 80/20 for Training/Test



Q1-2

Week ¼À� Classification and Final ReRieS 
Data Ã TQtoring 

 

¼�  Classification  
KeU Concepts 
Definition 

Classification is Qsed to make predictions based on eTisting data� Some qQestions 
that Se can ansSer Sith classification are� 

● Is person A going to Rote for a certain politician� 
● Is a certain pQrchase an instance of credit card fraQd� 
● Do I haRe a certain disease� 

ObserRations​� eTisting indiRidQals in a popQlation that UoQ haRe data on� 
Attributes​� characteristics of the indiRidQals that UoQ Sill bQild the classifier for� In 

Data Ã� attribQtes are binarU  Ues or no� ¼ or »¡� 
Population ​� A larger groQp of indiRidQals� Sho UoQ don�t knoS the attribQtes for� A 

classifier is bQilt in order to predict the attribQtes of those in the popQlation� 
Training and Testing Data 

The reason ShU Se�Re made a classifier is so that Se can make predictions 
on neS data from oQr ​QnderlUing popQlation​� HoS do Se knoS Shether the 
classifier Se�Re made actQallU makes accQrate predictions�  

We can split oQr original dataset into tSo sets at random� ​training data ​ and 
testing data ​� in order to Ralidate the classifier�s accQracU� A tUpical training and 
testing proportion split might be Ã»�½»�  

 

Practice Problems 
 

¼�¼​ SQe and ARerU are deciding on Shich kind of nearest neighbors classifier theU Sant 
to Qse� ARerU saUs that Qsing a larger nQmber of neighbors Sill ​alSaUs ​resQlt in more 
accQrate predictions� SQe disagrees� Who is right� and ShU� 
 Hint� Think aboQt Shat happens Shen Se haRe a data set Sith ​n ​ points and Se Qse an 
n ​�nearest neighbors classifier�¡ 

 
 

 
 

 

½. Train/Test Split 
 
 

 
 
 
½�¼​ In order to make the model as accurate as possible, should we use all of our data to 
train the model?  

 
 

 
 
½�½​ How should we split our data into training and testing sets? Why? 
 
 
 
 
½�¾​ What would happen if we used ¼0Î of the data for training, and Ä0Î for testing? How 
much data do you think should be in the training set? 
 
 
 
 

½. Train/Test Split 
 
 

 
 
 
½�¼​ In order to make the model as accurate as possible, should we use all of our data to 
train the model?  

 
 

 
 
½�½​ How should we split our data into training and testing sets? Why? 
 
 
 
 
½�¾​ What would happen if we used ¼0Î of the data for training, and Ä0Î for testing? How 
much data do you think should be in the training set? 
 
 
 
 

7 NN no Sue is right A larger n will not
u

always result in a higher accuracy47

yes we do split it that way we can see

how accurate it is

we want to sample Pogo120 into the

training1lest sets for it to be representative



Q3
¾� DeciOion BoQndaNieO 
A OPQdenP iO PNUing Po bQild a claOOifieN PhaP claOOifieO BeNkeleU OPQdenPO aO NeOidenPO of 
NoNPhOide oN SoQPhOide� The OPQdenP haO a Nandom Oample of BeNkeleU OPQdenPO all of Shom 
liRe on NoNPhOide oN SoQPhOide� FoN each OPQdenP Ohe NecoNdO ShePheN Phe OPQdenP liReO on 
NoNPhOide oN SoQPhOide� Phe nQmbeN of PimeO Phe OPQdenP SenP Po La Val®O  on NoNPhOide¡ in 
Phe laOP Á monPhO� and Phe nQmbeN of PimeO Phe OPQdenP SenP Po GUpOU®O  on SoQPhOide¡ in 
Phe laOP Á monPhO� 

 
 

¾�¼​ DNaS a deciOion boQndaNU foN a À neaNeOP neighboN claOOifieN on Phe OcaPPeN ploP beloS� 

 

 

HUpoPheOiO TeOPing�InfeNence ReRieS 

¼ TeOPing Chance ModelO 
RoQlePPe iO a caOino game in Shich a ball fallO inPo one pockeP in a Opinning Sheel� and plaUeNO 
beP on Phe coloN of Phe pockeP in Shich Phe ball fallO� If Phe plaUeN coNNecPlU pickO Phe coloN� 
PheU Sin� ¼Ã of Phe ¾Ã pockePO in a NoQlePPe Sheel aNe Ned� YoQ plaU ¾» gameO of NoQlePPe� beP 
on Ned eReNU Pime� and Sin ½» of PhoOe gameO� YoQ become OQOpicioQO aboQP Phe faiNneOO of 
PhiO NoQlePPe game� 
 

¾� DeciOion BoQndaNieO 
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¾�¼​ DNaS a deciOion boQndaNU foN a À neaNeOP neighboN claOOifieN on Phe OcaPPeN ploP beloS� 

 

 

HUpoPheOiO TeOPing�InfeNence ReRieS 

¼ TeOPing Chance ModelO 
RoQlePPe iO a caOino game in Shich a ball fallO inPo one pockeP in a Opinning Sheel� and plaUeNO 
beP on Phe coloN of Phe pockeP in Shich Phe ball fallO� If Phe plaUeN coNNecPlU pickO Phe coloN� 
PheU Sin� ¼Ã of Phe ¾Ã pockePO in a NoQlePPe Sheel aNe Ned� YoQ plaU ¾» gameO of NoQlePPe� beP 
on Ned eReNU Pime� and Sin ½» of PhoOe gameO� YoQ become OQOpicioQO aboQP Phe faiNneOO of 
PhiO NoQlePPe game� 
 

r



Hypothesis Testing

¾� DeciOion BoQndaNieO 
A OPQdenP iO PNUing Po bQild a claOOifieN PhaP claOOifieO BeNkeleU OPQdenPO aO NeOidenPO of 
NoNPhOide oN SoQPhOide� The OPQdenP haO a Nandom Oample of BeNkeleU OPQdenPO all of Shom 
liRe on NoNPhOide oN SoQPhOide� FoN each OPQdenP Ohe NecoNdO ShePheN Phe OPQdenP liReO on 
NoNPhOide oN SoQPhOide� Phe nQmbeN of PimeO Phe OPQdenP SenP Po La Val®O  on NoNPhOide¡ in 
Phe laOP Á monPhO� and Phe nQmbeN of PimeO Phe OPQdenP SenP Po GUpOU®O  on SoQPhOide¡ in 
Phe laOP Á monPhO� 

 
 

¾�¼​ DNaS a deciOion boQndaNU foN a À neaNeOP neighboN claOOifieN on Phe OcaPPeN ploP beloS� 

 

 

HUpoPheOiO TeOPing�InfeNence ReRieS 

¼ TeOPing Chance ModelO 
RoQlePPe iO a caOino game in Shich a ball fallO inPo one pockeP in a Opinning Sheel� and plaUeNO 
beP on Phe coloN of Phe pockeP in Shich Phe ball fallO� If Phe plaUeN coNNecPlU pickO Phe coloN� 
PheU Sin� ¼Ã of Phe ¾Ã pockePO in a NoQlePPe Sheel aNe Ned� YoQ plaU ¾» gameO of NoQlePPe� beP 
on Ned eReNU Pime� and Sin ½» of PhoOe gameO� YoQ become OQOpicioQO aboQP Phe faiNneOO of 
PhiO NoQlePPe game� 
 



Hypothesis Testing
¼�¼​ State a null and alternative hUpothesis to see whether the roulette game is biased 
towards red� 
 
Null HUpothesis�  
 
Alternative HUpothesis�  
 
 
¼�½​ With Uour alternative hUpothesis in mind� choose a test statistic and calculate its 
observed value� Your test statistic should be large for data favoring the alternative 
hUpothesis� 
 
Test Statistic�  
 
 
Observed Value�  
 
 
¼�¾​ Complete the function ​SURS_ZiQV_iQ_30_gaPeV() ​� which takes in no arguments and 
simulates plaUing the game ¾» times and returns the proportion of wins when Uou guess red 
everU time� 

 
def SURS_ZiQV_iQ_30_gaPeV(): 

SURSRUWiRQV = ____________________________________________ 
WhiUW\_gaPeV = ___________________________________________ 
SURS_ZiQV = ______________________________________________ 
UeWXUQ ___________________________________________________ 

 
¼�¿​ Complete the code below to simulate an empirical distribution of the test statistic using 
¼»»»» iterations� storing the statistics in an arraU called ​ViPXOaWed_VWaWiVWicV ​� 
 
ViPXOaWed_VWaWiVWicV = PaNe_aUUa\() 
fRU i iQ ____________________: 
    SURS_ZiQ = ________________________________________________ 
    ViPXOaWed_VWaWiVWicV = ____________________________________ 
 
¼�À​ Write a line of code to calculate the p�value�  
 

 
¼�Á​ Suppose Uou find a p�value of »�»¼»¾� What do Uou conclude about the null hUpothesis� at 
a p�value cutoff of ÀÎ� 



Hypothesis Testing 

¼�¼​ State a null and alternative hUpothesis to see whether the roulette game is biased 
towards red� 
 
Null HUpothesis�  
 
Alternative HUpothesis�  
 
 
¼�½​ With Uour alternative hUpothesis in mind� choose a test statistic and calculate its 
observed value� Your test statistic should be large for data favoring the alternative 
hUpothesis� 
 
Test Statistic�  
 
 
Observed Value�  
 
 
¼�¾​ Complete the function ​SURS_ZiQV_iQ_30_gaPeV() ​� which takes in no arguments and 
simulates plaUing the game ¾» times and returns the proportion of wins when Uou guess red 
everU time� 

 
def SURS_ZiQV_iQ_30_gaPeV(): 

SURSRUWiRQV = ____________________________________________ 
WhiUW\_gaPeV = ___________________________________________ 
SURS_ZiQV = ______________________________________________ 
UeWXUQ ___________________________________________________ 

 
¼�¿​ Complete the code below to simulate an empirical distribution of the test statistic using 
¼»»»» iterations� storing the statistics in an arraU called ​ViPXOaWed_VWaWiVWicV ​� 
 
ViPXOaWed_VWaWiVWicV = PaNe_aUUa\() 
fRU i iQ ____________________: 
    SURS_ZiQ = ________________________________________________ 
    ViPXOaWed_VWaWiVWicV = ____________________________________ 
 
¼�À​ Write a line of code to calculate the p�value�  
 

 
¼�Á​ Suppose Uou find a p�value of »�»¼»¾� What do Uou conclude about the null hUpothesis� at 
a p�value cutoff of ÀÎ� 



Hypothesis Testing 

¼�¼​ State a null and alternative hUpothesis to see whether the roulette game is biased 
towards red� 
 
Null HUpothesis�  
 
Alternative HUpothesis�  
 
 
¼�½​ With Uour alternative hUpothesis in mind� choose a test statistic and calculate its 
observed value� Your test statistic should be large for data favoring the alternative 
hUpothesis� 
 
Test Statistic�  
 
 
Observed Value�  
 
 
¼�¾​ Complete the function ​SURS_ZiQV_iQ_30_gaPeV() ​� which takes in no arguments and 
simulates plaUing the game ¾» times and returns the proportion of wins when Uou guess red 
everU time� 

 
def SURS_ZiQV_iQ_30_gaPeV(): 

SURSRUWiRQV = ____________________________________________ 
WhiUW\_gaPeV = ___________________________________________ 
SURS_ZiQV = ______________________________________________ 
UeWXUQ ___________________________________________________ 

 
¼�¿​ Complete the code below to simulate an empirical distribution of the test statistic using 
¼»»»» iterations� storing the statistics in an arraU called ​ViPXOaWed_VWaWiVWicV ​� 
 
ViPXOaWed_VWaWiVWicV = PaNe_aUUa\() 
fRU i iQ ____________________: 
    SURS_ZiQ = ________________________________________________ 
    ViPXOaWed_VWaWiVWicV = ____________________________________ 
 
¼�À​ Write a line of code to calculate the p�value�  
 

 
¼�Á​ Suppose Uou find a p�value of »�»¼»¾� What do Uou conclude about the null hUpothesis� at 
a p�value cutoff of ÀÎ� 



A/B Testing

½ A�B Testing 
We are eTamining the Seights of a population of cats and dogs� You are given a random 
sample from this population� stored in the table ​SeWV ​� Shich has tSo columns� The first 
column ​µAQLPaO¶ ​contains a string� either ​µCaW¶ ​ or ​µDRJ¶ ​� The second column 
µWeLJKW¶ ​contains the Seights of each of the animals in pounds as floats� You notice that 
the average Seight of dogs in Uour sample is ½ pounds heavier than the average Seight of 
cats in Uour sample� 
 
½�¼​ State a null and alternative hUpothesis to see if dogs Seigh more than cats on average in 
the population� 
 

Null HUpothesis�  
 
 
Alternative HUpothesis�  
 
 
½�½​ With Uour alternative hUpothesis in mind� choose a test statistic and calculate its 
observed value� Your test statistic should be large for data favoring the alternative 
hUpothesis� 
 

Test Statistic�  
 
Observed Value� 
½�¾​ Complete the function ​RQe_VKXffOed_WabOe_VWaW() ​ Shich takes in no arguments 
and returns one value of the test statistic� 
 
def RQe_VKXffed_WabOe_VWaW(): 

VKXf_WabOe = ____________________________________________ 
VKXf_ZeLJKWV = __________________________________________ 
VKXf_WbO_ZLWK_ZeLJKWV = _________________________________ 
JURXSed_ZLWK_PeaQ = _____________________________________ 
dRJ_PeaQ = ______________________________________________ 
caW_PeaQ = ______________________________________________ 
UeWXUQ __________________________________________________ 
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½�¿​ Complete the beloS code to simulate an empirical distribution of À»»» test statistics 
under the assumptions of the null hUpothesis� 
 
dLffV = PaNe_aUUa\() 
fRU L LQ QS.aUaQge(5000): 
    dLff = ________________________________________________ 
    dLffV = _______________________________________________ 
 
½�À​ Write a line of code to calculate Uour p�Ralue� 
 
S_YaOXe = _________________________________________________ 

 
½�Á​ Suppose Uou find a p�Ralue of »�¼¾� What do Uou conclude� at a p�Ralue cutoff of ÀÎ� 

 

¾ Regression Inference 
You take a sample of Data Ã students and ask them about their dailU consumption of coffee 
and their midterm eTam scores� Assume Uou are giRen a table ​VWXdeQWV ​ Sith the columns 
cXSV ​ and ​VcRUe ​� The column ​cXSV ​ contains the dailU consumption of coffee and ​VcRUe 
contains the midterm eTam score for each student from the sample� You perform linear 
regression and find a slope of »�¼¾ points per cup of coffee� Stephanie is considering buUing 
coffee for her discussion to increase their scores� but is not sure if this Sill Sork� 
 
¾�¼​ State a null and alternatiRe hUpothesis to see Shether this slope Sas due to randomness 
in Uour sample� 
 
Null HUpothesis�  
AlternatiRe HUpothesis�  
 
¾�½​ Write a function ​VORSe ​ that takes in a table� ​WbO ​� and returns the slope of the 
least�squares line using the first column to predict Ralues of the second column� 

 
def VORSe(WbO): 
    [ = _____________________________________________________ 
    \ = _____________________________________________________ 
    [_VX = __________________________________________________ 
    \_VX = __________________________________________________ 
    U = _____________________________________________________ 

VORSe = _________________________________________________ 



A/B Testing
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Regression
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assume STYS is
representative of thePopulation



Regression
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least�squares line using the first column to predict Ralues of the second column� 
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    U = _____________________________________________________ 
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    UeWXUQ VORSe 
 
¾�¾​ Complete the code to generate À»»» bootstrap resample slopes and then calculate a ÄÀÎ 
confidence interval for the slope� Assume the function ​VORSe(WbO) ​ has been implemented 
correctly� 
 
VORSeV = _____________________________________________________ 
fRU i iQ ____________________: 
    UeVaPSOe_VORSe = _________________________________________ 
    VORSeV = _________________________________________________ 
 
OefW_eQd = ___________________________________________________ 
UighW_eQd = __________________________________________________ 
iQWeUYaO = Pake_aUUa\(OefW_eQd, UighW_eQd) 

 

¾�¿​ Suppose you find the confidence interval ¢»�»½, »�½¿£� What do you conclude about your 
hypotheses at a p�value cutoff of ÀÎ� What about at a p�value cutoff of ¼»Î�  What about at a 
p�value cutoff of ¼Î� 
 

 
 
¾�À​ Your friend who hasn�t taken Data Ã looks at your result and asks you what the 
confidence interval means� Which one of the following is a correct response� 

a¡ For ÄÀÎ of students, there is a relationship between coffee consumption and midterm 
score� 

b¡ There is a ÄÀÎ probability that the true slope is between »�»½ and »�½¿� 
c¡ There is a ÄÀÎ probability that our sampling process  and the code above¡ produces 

an interval that contains the true slope� 
 
 
 
 
 
 
 
 
 

Themodernscores unrelated to coffee intake Slope is
related a

Slope is not

tbl.com c cups
tbh column c score

X npaverage ex J l np Sta c x
y rip average y hp Sta Cy

hp averageC x su y Su
or tipStacy lnp Std x



Regression    UeWXUQ VORSe 
 
¾�¾​ Complete the code to generate À»»» bootstrap resample slopes and then calculate a ÄÀÎ 
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fRU i iQ ____________________: 
    UeVaPSOe_VORSe = _________________________________________ 
    VORSeV = _________________________________________________ 
 
OefW_eQd = ___________________________________________________ 
UighW_eQd = __________________________________________________ 
iQWeUYaO = Pake_aUUa\(OefW_eQd, UighW_eQd) 

 

¾�¿​ Suppose you find the confidence interval ¢»�»½, »�½¿£� What do you conclude about your 
hypotheses at a p�value cutoff of ÀÎ� What about at a p�value cutoff of ¼»Î�  What about at a 
p�value cutoff of ¼Î� 
 

 
 
¾�À​ Your friend who hasn�t taken Data Ã looks at your result and asks you what the 
confidence interval means� Which one of the following is a correct response� 

a¡ For ÄÀÎ of students, there is a relationship between coffee consumption and midterm 
score� 

b¡ There is a ÄÀÎ probability that the true slope is between »�»½ and »�½¿� 
c¡ There is a ÄÀÎ probability that our sampling process  and the code above¡ produces 

an interval that contains the true slope� 
 
 
 
 
 
 
 
 
 

make array c
uporangeC5000

slopec studentssamplec
npappendCSlopes resample Slope
percentile C 2.5 Slopes
percentile C 97 slopes

0

95 CI Reject Null 6 0 not in 10.02 0.24
g90 CI narrower

99 CI wider need to calculate percentiles again



Regression

    UeWXUQ VORSe 
 
¾�¾​ Complete the code to generate À»»» bootstrap resample slopes and then calculate a ÄÀÎ 
confidence interval for the slope� Assume the function ​VORSe(WbO) ​ has been implemented 
correctly� 
 
VORSeV = _____________________________________________________ 
fRU i iQ ____________________: 
    UeVaPSOe_VORSe = _________________________________________ 
    VORSeV = _________________________________________________ 
 
OefW_eQd = ___________________________________________________ 
UighW_eQd = __________________________________________________ 
iQWeUYaO = Pake_aUUa\(OefW_eQd, UighW_eQd) 

 

¾�¿​ Suppose you find the confidence interval ¢»�»½, »�½¿£� What do you conclude about your 
hypotheses at a p�value cutoff of ÀÎ� What about at a p�value cutoff of ¼»Î�  What about at a 
p�value cutoff of ¼Î� 
 

 
 
¾�À​ Your friend who hasn�t taken Data Ã looks at your result and asks you what the 
confidence interval means� Which one of the following is a correct response� 

a¡ For ÄÀÎ of students, there is a relationship between coffee consumption and midterm 
score� 

b¡ There is a ÄÀÎ probability that the true slope is between »�»½ and »�½¿� 
c¡ There is a ÄÀÎ probability that our sampling process  and the code above¡ produces 

an interval that contains the true slope� 
 
 
 
 
 
 
 
 
 

O

X
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Thank You
● This was our last tutoring section. You did it!!
● Finals:

○ I believe in you! Good Luck. An exam guide is on my website
● After Data 8:

○ Become involved with course staff!
■ Lab Assistant, Tutor, TA

○ Take cool ML/Stats classes
● It was an honor to meet you all! Feel free to stay in touch with 

me/each other (LinkedIn/Social Media) and feel free to always 
email me if you have any questions.


