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Logistics
● Woohoo! Project 1 done. !
● Midterm next week! How are we feeling?
● Next Week: Midterm Review

● Check your email this week so I know what you want to work on

Per usual:
● Feedback Form:

■ Form: https://tinyurl.com/feedbackD8Kevin

All resources can be found on kevin-miao.com



Today
● Sampling

■ Population vs Sample
■ sample
■ np.random.choice

○ Worksheet
● Hypothesis Testing

■ General Outline
■ sample_proportions

○ Worksheet



Sampling
● Goal: We want to know/generalize something about a population, 

i.e. “How much time do Berkeley students work spend their 
homework?”

● Constraint: It’s extremely difficult to ask all Berkeley students
(population)

● Solution: Sampling where we take samples, representative parts 
of the population and ask them this question ”how much time do 
you spend on your homework?”

● Numbers associated with the population are called parameters
● Numbers that say something about samples are called statistics



Sampling functions
● Sampling from a table:

tbl.sample(sample_size, with_replacement=True/False)

- Returns a table
- If you are sampling, with_replacement = True
- We will discuss later when you use with_replacement=False

● Sampling from an array:

np.random.choice(array, sample_size)

- Returns an array

no double values goring
oh
I

shuttled



Worksheet

Link: https://tinyurl.com/d8tutweek7
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Week 7: Sampling and Hypothesis Testing 
Data 8 Tutoring 

 

1  Sampling  
Key Concepts 
Population vs. Sample 

In data science, we often want to be able to make a general statement about a 
population of individuals. Unfortunately, time and resource constraints generally 
prevent scientists from having access to data about entire populations of 
individuals. For that reason, we examine representative parts of the population 
called samples. Our goal is to infer some characteristics of the population, called 
population parameters, from the study of our sample. In many cases, we are 
interested in estimating these parameters using sample statistics, or quantities 
that we measure from a sample of the population.  
 
For example, you may be interested in knowing the percentage of all eligible voters 
who are registered to vote for the upcoming election. Since asking everyone in the 
U.S. if they have registered to vote is clearly infeasible, we will have to take a sample.  
 
Sometimes, we will want to sample from a pre-existing table. To do so, we can use 
the following table method: 

tbl.sample(sample_size) 
 
In other cases, we may have an array we need to sample from. In this case, we can 
use the following function: 

np.random.choice(array, sample_size) 
 
 

Practice Problems 
1.1 Let’s use the example of rolling a fair die. Remember: rolling a die is always 
sampling “with replacement”.  

a) What is the probability that you will roll a 5? Is this an empirical or a theoretical 
probability? Is there a relationship between the two? 
The probability that we roll a 5 is ϡ.  
This is a theoretical probability. We could get an empirical probability by simulating 
the experiment over and over again and estimating the theoretical probability based 

 

 

on the frequency of occurrence of the event we are interested in. We expect that the 
more times we simulate our experiment, the better we will be able to estimate the 
theoretical probability (hence our empirical probability will converge to the 
theoretical one). This is often referred to as the Law of Large Numbers. 

 
 
 
 

b) Complete the function roll_die , which takes in no arguments and 
uses the dice  table to the right to roll a dice a single time and 
returns the value that is randomly picked. 
 
def roll_die(): 

return np.random.choice(dice.column(‘Side’)) 
 
 
OR 
 
return dice.sample(...).column(0).item(0) 
Could do 1 as the argument to sample as that makes the 
most sense, but it actually doesn’t matter. 

 
 

 
 

c) Simulate rolling a die 10 times and store the results in an array called 
simulated_rolls .  

 
simulated_rolls = make_array() 

 
for i in ___________________: 

face = ___________________________________ 
simulated_rolls = _________________________________ 

 
simulated_rolls = make_array() 

 
for i in np.arange(10): 

face = roll_die() 
simulated_rolls = np.append(simulated_rolls, face) 
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d) We’ve generated histograms of dice roll results for samples of size 10, 100, 1000, 

and 10,000 below. Which histograms correspond to which sample sizes, and why? 
Do these histograms show a probability or empirical distribution? 
 

A  B  
 
 

C D  
 

Answer: (A, 100), (B, 10), (C, 10000), (D, 1000) 
As the number of trials increases, the empirical distribution, which these histograms are, 
should converge to the probability distribution. Intuitively, you can think that in a small 
number of trials, there is a lot of randomness that might make the distribution diverge 
from what we would predict.  
 
 

2  Hypothesis Testing 
Key Concepts 
Suppose you flip a (presumably) fair coin 20 times, and see that the coin comes up 
heads 18 out of the 20 flips of the coin. This seems strange to you, as you previously 
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Hypothesis Testing
● Observation: When I flip a fair coin 20 times, it is

unlikely to land heads 18 times but it’s possible.
● Problem: When we observe a certain scenario, how 

likely is it that that coin is fair or biased?
● Solution: Hypothesis testing! We basically simulate a 

fair coin 100, 1000, 10000, … times. 



sample_proportions

● Modeling proportions

Sample_proportions(sample_size, model_proportions)

- Returns an array of proportions the same size as 
model_proportions

● What does it do?
○ You give it an array of model proportions and a sample size. We are 

going to sample sample_size times from this model and calculate the 
proportions.



sample_proportions example

● Imagine we are rolling a die.
● Intuitively, we know that the chance to roll a 1, 2, 3, 4, 5, 6 is 1/6.
● model_proportions = [1/6, 1/6, 1/6, 1/6, 1/6, 1/6]
● The proportions add up to one, and each entry corresponds to the 

proportion of rolling its corresponding number of eyes.
● Imagine when we roll 1 time, how often (in proportions) do we see 

1,2,3,4,5,6 eyes.
○ Sample_proportions(1, model_proportions)

● What about for 100 times?
○ Sample_proportions(100, model_proportions)

I O Ooo Ooo
0,0 I 90,0

0.16 0.14 0.12



When to use what? !
● tbl.sample(size, with_replacement = True)

○ Using it if we are sampling and the data is given in the form of a table.
○ By default size is the size of the full table

● tbl.sample(size, with_replacement = False)
○ This is basically shuffling the rows in a table. 
○ Only used in A/B testing.
○ By default size is the size of the full table

● sample_proportions
○ Using if we are given an array of model_proportions that add up to 1.

● np.random.choice
○ If we are given an array, and we want to sample from it!
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believed that the coin is fair. A natural question to ask would be - was the 18 heads in 
20 flips due to random chance? Or was it due to something other than random chance? 
 
Hypothesis testing  uses the power of computation to allow us to answer the question of 
“Was this strange event due to random chance?” in a scientific and consistent manner. 

 

Practice Problems 
½�¼ Suppose you are flipping thumbtacks, and thumbtacks always either land pointing 
up or pointing down. You flip a thumbtack 60 times, and observe the thumbtack land 
pointing down 45 times. Your friend tells you that a thumbtack lands down with a ⅔ 
chance, and lands up with a ⅓ chance.  
 
a. Does the thumbtack that you are flipping seem consistent with your friend’s model? 
Why or why not? 
Yes, the thumbtack you are flipping seems consistent with your friend’s model. The 
model stated a probability of ⅔ landing down, which would mean that we expect 40 
thumbtacks to be landing down, but we observed 45, which is not too different from the 
expected amount. 

 
 

b. Complete the function flip_thumbtack , which takes in no arguments and 
randomly flips a thumbtack that lands down with ⅔ probability and lands pointing up 
with ⅓ probability 60 times, and then returns the number of pointing down results out 
of 60 tosses.  
 
def flip_thumbtack(): 

probabilities = __________________________________________ 
proportions = sample_proportions(________________________) 
proportion_down = ________________________________________ 
return ___________________________________________________ 

 
def flip_thumbtack(): 

probabilities = make_array(⅔, ⅓) 
empirical_proportions = sample_proportions(60, 
probabilities) 
proportion_down = proportions.item(0) 
return proportion_down * 60 
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Q2.2
 

2.2 Suppose you want to leave your breakfast choices up to chance! You have a cabinet 
of 4 different cereal brands: Cheerios, Lucky Charms, Fruit Loops, and Cocoa Puffs. 
Suppose you randomly pick 4 cereal boxes with replacement . 

a. What is the probability that you pick four unique brands of cereal? 

On the first draw, you can pick any of the four boxes, on the second pick you can only 
pick ¾ boxes, etc. Therefore,  

P(Picking four unique brands of cereal) = (4/4)*(3/4)*(2/4)*(1/4) 

 

b. What is the probability that you don’t pick Cheerios? 

In order to not pick Cheerios, you have to pick Lucky Charms, Fruit Loops, and Cocoa 
puffs on all four draws. This probability is equivalent for all draws, since you are 
sampling with replacement. 

Therefore, P(Not picking Cheerios) = (3/4)*(3/4)*(3/4)*(3/4) 

2.3 In the Netherlands, all men take a military preinduction exam at age 18. The exam 
includes an intelligence test known as “Raven’s progressive matrices” and includes 
questions about demographic variables like family size. A study was done in 1968, 
relating the test scores of 18-year-old men to the number of their brothers and sisters. 
The records of all exams taken in 1968 were used.  

1

a) What is the population of the study? What is the sample used in the study? 
The population of interest to the researchers was all the 18-year-old men in the 
Netherlands in 1968. We know that all 18-year-old men take the test in the 
Netherlands and as a result, our sample is the population because all records were 
used. 

b) Is there a need to apply inference techniques to predict the mean score, max score, 
etc? Why or why not? Are those values parameters or statistics? 
There is no reason to apply any inference techniques. We have data on the whole 
population of interest (assuming no one skips the exam) and as a result we do not 
have to infer anything about the population. The values are parameters. 

 
 

1 Taken from Statistics Fourth Edition by Friedman, Pisani and Purves 
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Old exam question (FA19 MT1)
4

3. (26 points) Choosing shirts

Chidi has 4 white shirts, 9 blue shirts, and 2 gold shirts. Each day, he chooses one shirt to wear from all the

shirts available in his closet. Each shirt is equally likely to be chosen.

In each part below write a mathematical expression (not Python) that evaluates to the probability described.

You do not need to simplify any arithmetic. Please do not multiply by 100 to get percents.

For parts (a) and (b), assume that Chidi will only wear each individual shirt once in any particular week.

(a) (3 pt) What is the probability that Chidi wears blue shirts every day for the first three days of the week?

(b) (3 pt) What is the probability that out of the first two days of the week, he wears blue one day and gold

on the other?

For the remainder of the question, assume that after wearing a shirt, Chidi puts it back in the closet without

washing it. This means that he can wear the same shirt multiple times.

(c) (3 pt) What is the probability that Chidi wears gold shirts every day for a week?

(d) (3 pt) What is the probability that Chidi wears at least one white shirt during one week?
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on the other?

For the remainder of the question, assume that after wearing a shirt, Chidi puts it back in the closet without

washing it. This means that he can wear the same shirt multiple times.

(c) (3 pt) What is the probability that Chidi wears gold shirts every day for a week?

(d) (3 pt) What is the probability that Chidi wears at least one white shirt during one week?
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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

● No tutor OH next week L


