Identifying causal relationship




Y is your dependent variable and X is your independent variable.

We want to know how X affects the value of Y.




creams imcrease a person s weig

To answer this question, which regression should you run? What data
should be collected?




Here, our dependent variable (Y) is a person’ current weight (e.g., Y =50
means the weight is 50 kg).

Our independent variable (X) is the consumption of ice-cream in the
previous week (e.g., X =4 means you consumed 4 ice-creams in the least

week).




their ice-cream consumption and weight at different time of year, and
construct our dataset. Then, we regress Y on X.




which suggests that ice-cream consumption decreases your weight!

You double and triple checked the data and your regression and
cannot find any mistakes. Now, the question is, what is wrong with
OUr regression?




During the cold winter, people do not consumer ice-creams. And also
most people gain weight in winter.

In other words, in summer both X is large and Y is small, while in winter X is

small and Y is large. It seems that X negatively affects Y, but in the end itis =
the season that makes the difference.




The reason is that education is an investment. By investing in
education, you will be rewarded in the future (e.g., you can
make a better salary).

We call this “return to education.”




More specifically, how much more money can you make by
taking one extra year’s education?

How would you answer this question?




her year of education (which we call X).

Then, we can run the regression Y = a + bX.

Here, if you take one extra year education, your income will
increase by b. We are done!




Here, if you take one extra year education, your income will
increase by b. We are done!

Any issues here? Discuss it with your classmates!




more money?

But why?




At the same time, they can help you find better jobs. In this case, your
income (Y) will also be higher.

So, there is a positive relationship between X and Y; but we cannot yet

say X has caused Y.




Y=a+bX + Ty

Would this be fine? Discuss this issue with your classmates.




and are reluctant to send girls to school.

At the same time, gender discrimination leads firms to pay
more to males for the same work.

So, it may be gender that matters.




We can try to control for these factors in our regression, but there
are so many things to control for and we are never sure if we have
controlled for everything...




spec1f1cat10n and this variable is a determinant of the dependent
variable and correlated with one or more of the included
independent variables.







What can be an omitted variable in the above regression?




What can be an omitted variable in the above regression?







developing lung cancer by quitting smoking?

What would you do to answer this question?




= 0 when no cancer).

Let X denote whether or not the smoker has quitted
smoking. That is, X = 1 if he or she quitted smoking and

X = 0 if he or she did not quit smoking.




X1, X, ... are other control variables such as gender, income, location,
exercise habits, occupation,....

We find that b is positive and significant. What does it mean? DiScuss
it with your classmates!




Ironically, this result suggests that we should encourage
smokers to continue smoking....




What is wrong here?

Discuss this with your classmates!




smoking when they are suffering from certain disease...

In other words, many smokers quit smoking after they
know that they have lung cancer!




because Y causes X, not X causes Y.

This is a common issue called “reverse causality.”




Here, our dependent variable Y is the crime rate, and our
independent variable X is the size of the police force. By
running regression, we find that Y increases with X.

We should defund the police!







The real reason is, when there is more crime, the city tends to
hire more police officers. It is Y that causes X, not X causes Y!




For example, let Y be police force and X be crime rate.

X affects Y: when there is more crime, there will be more police.

.

Y affects X: when there is more police, there is less crime.




Try to find other common examples of reverse causality.




affects the value of Y. We Want to exlude
other factors and reserved causality.




Omitted Variable










Harvard: 1M
HKU: 500K
Lanxiang (¥ #): 200K

Can we say that Harvard is the best school that helps you make more
money?




standard. You must have a high IQ to be admitted to Harvard/HKU.

It is hard to say whether Harvard/HKU graduates are making more
money because of their Harvard degree or because of their high IQ.




Holding all other things equal (e.g., IQ, family background, education
background, gender, ...) would a person make a higher salary if he/she
chooses Harvard instead of HKU or Lanxiang?




American Business Schools Sorted by Average Starting Salary and Bonus

School

University of Pennsyivania (Wharton)
Stanford Univeristy

Harvard University

University of Virginia (Darden)
Dartmouth College (Tuck)

Comell University (Johnson)
Columbia University

University of Chicago (Booth)

University of Michigan, Ann Arbor (Ross)

Average Starting Salary and
Bonus

$159815
$159,440
$158,049
$153576
$152,805
$152,207
$151,849
$151,085

$150,052

Percent Employed at
Graduation

82.3%
63.9%
78.9%
83.4%
80.2%
80.3%
69.9%
88.0%

89.7%

Average GMAT Score (full-
time)

730
737
731
713
722
700
727
730

716

Acceptance Rate (full-
time)

19.2%
5.7%

9.9%

24.5%
23.0%
29.9%
14.0%
235%

25.3%
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and Lanxiang.

3. After they graduate, we compare which school’s graduates make a
higher salary.




Harvard will get both high IQ and low IQ students. Similarly, Lanxiang
will also get both high IQ and low IQ students. Their students’
backgrounds are comparable.

Then, if their graduates make different salaries, it is the school that
makes the difference and we can rule out all other factors!




student to join Lanxiang.

This type of experiment is also illegal...

But the idea is great! We can use it elsewhere.




Recall that we want to know if quitting smoking reduces the
chance of developing cancer.




Individuals in the treatment group are forced to quit smoking.

Later, we examine whether each individual develops cancer in each

group.




alleviating a certain dsease (Y). To establish a credible

causal relationship, they use “randomized controlled
trials (RCTs)”




The treatment group takes the medication (X=1) while the
control group takes nothing (X=0).

Finally, we calculate the value of Y (seriousness of disease)

for each participant in the study.




When you take the real medication, you feel better, and your mood is good.
However, mood can also affect Y.

We do no really know if the medication works, or patient gets a better mood.




In practice, we offer a fake medication (placebo) which resembles the real
medication to individuals in the control group. So, everyone gets a pill,
and you don’t know whether or not you are getting the real medication.










---Zhang Yiming, ByteDance CEO
(FH B —NS)




Which website design is better?

Which APP design is better?
Which image is more attractive?
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https://www.youtube.com/watch?v=zFMgpxG-chM&ab_channel=DataScienceDojo

For example, suppose that you want to understand how smoking
atfect one’s health; however, you cannot run an AB test forcing
some people to smoke/not to smoke. So, how to obtain the results?







Joshua D. Angrist and Guido W. Imbens

“for their methodological contributions to the analysis of
causal relationships”




Idea: Find a new variable that affects your X but does not affect your Y
directly.




People have proved that

__ Cov(Y,Z)
Cov(X,Z)

where cov stands for covariance.




\V\/ \/

(1) when Z changes, people’s smoking beh
does not affect people’s health directly.

Any ideas?




1) A tobacco tax affects the amount that one smokes.
@ Tobacco tax does not affect one’s health directly. It only
affects one’s health through how people smoke.




r onom|st However what he/she does everyda



Professor, MIT Professor, MIT Professor, Professor,
UChicago Harvard




instrument should (1) affect one’s year of education but
(2) does not affect one’s income directly.

Any ideas?




In the US, children have to stay in school until a certain
age (e.g., 18 years old). For example, if you are born in
Jan 2000, you can leave school in Jan 2018, and so on.




takes more education than the former one does.

In this case, your month of birth affects your year of

education.




In this way, your month of birth can be an instrumental
variable.




DOES COMPULSORY SCHOOL ATTENDANCE AFFECT
SCHOOLING AND EARNINGS?*

JOSHUA D. ANGRIST AND ALAN B. KRUEGER

We establish that season of birth is related to educational attainment because of
school start age policy and compulsory school attendance laws. Individuals born in
the beginning of the year start school at an older age, and can therefore drop out
after completing less schooling than individuals born near the end of the year.
Roughly 25 percent of potential dropouts remain in school because of compulsory

schooling laws. We estimate the impact of compulsory schooling on earnings by
using quarter of birth as an instrument for education. The instrumental variables
estimate of the return to education is close to the ordinary least squares estimate,
suggesting that there is little bias in conventional estimates.




The association between
education and income T

There is a clear correlation between years 65% = —y
of education and income. But does this
mean there is also causation? F-
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Econometrica, Vol. 82, No. 1 (January, 2014), 137-196

THE ELITE ILLUSION: ACHIEVEMENT EFFECTS AT BOSTON
AND NEW YORK EXAM SCHOOLS

BY ATILA ABDULKADIROGLU, JOSHUA ANGRIST, AND PARAG PATHAK'

Parents gauge school quality in part by the level of student achievement and a
school’s racial and socioeconomic mix. The importance of school characteristics in the
housing market can be seen in the jump in house prices at school district boundaries
where peer characteristics change. The question of whether schools with more attrac-
tive peers are really better in a value-added sense remains open, however. This pa-
per uses a fuzzy regression-discontinuity design to evaluate the causal effects of peer
characteristics. Our design exploits admissions cutoffs at Boston and New York City’s
heavily over-subscribed exam schools. Successful applicants near admissions cutoffs for
the least selective of these schools move from schools with scores near the bottom of
the state SAT score distribution to schools with scores near the median. Successful
applicants near admissions cutoffs for the most selective of these schools move from
above-average schools to schools with students whose scores fall in the extreme upper
tail. Exam school students can also expect to study with fewer nonwhite classmates than
unsuccessful applicants. Our estimates suggest that the marked changes in peer char-
acteristics at exam school admissions cutoffs have little causal effect on test scores or
college quality.




Many algorithms such as neural networks, naive
Bayesian, matrix factorization etc.

Basically, machine learning algorithms generate a

function f such that Y = f(X).




For this reason, machine learning algorithms are often
called “black box” --- we know it works, but we don’t

know how it works (R AIHIR, AFIHFrLIR).




resources to improve a specific KPI. We could also rank
the impact of different factors on the purchasing decision.
We could determine if a given customer would have
purchased a specific product if he/she had not bought

other products for the last two years.




understand what steps should we take to increase the
harvest.




