A /B Testing
ABA



Correlation vs. Causation
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According to Financial Times, HKU Global MBA graduates,
on average, make a salary of $129,149 per year three years
after graduation.

By contrast, Harvard Global MBA graduates, on average,
make a salary of $246,509 per year three years after
graduation.

Question: Can we claim that Harvard helps MBA students
make more money?
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No.

Harvard is a very famous school and always attracts the
most talented and successful businesspeople to their school.
Although HKU is good, it is hard for HKU to compete with
Harvard. Yes, Harvard graduates make more money, but
this may be because they are also smarter. Without Harvard
MBA degree, they can also make a lot of money.
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Actually, if you look at their salary percentage increase, the
answer may be different:

Harvard: 112% salary increase after graduation

HKU: 128% salary increase after graduation

But again, we cannot claim HKU is better than Harvard,
because their students are very different. Maybe HKU
students are younger who expect a higher salary increase.
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According to data analysis, we find that those who take
marketing analytics class perform better in their job. Does
this mean marketing analytics makes people perform
better?
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According to data analysis, we find that those who take
marketing analytics class perform better in their job. Does
this mean marketing analytics makes people smarter?
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Take Class High Performance
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We call the above problem

“omitted variable bias.”
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When analyzing data, we find that when firms have better
credit access, they also tend to achieve better financial
performance. Does this mean better credit access leads to
better financial performance?
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Some people analyze the relationship between the interest
rate and economic growth, and find that high interest rates
lead to strong economic growth. Does this mean we should
increase the interest rate to stimulate the economy?
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Some people analyze the relationship between the interest
rate and economic growth, and find that high interest rates
lead to strong economic growth. Does this mean we should
increase the interest rate to stimulate the economy?



HLEANDTHREEFHRZERRR, RIS RS FH
SRENHEHTIE R . R EIRE FATLIZSE = ) R R R 4

55°



Interest rate Economic Growth

il 2T




We call the above problem “reserved causality.”
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Suppose that you want to see whether Harvard is better
than HKU, what would you do?

Suppose that you want to see how credit access affect
financial performance, what would you do?
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Solution: A /B tests
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Intuition for the Harvard vs. HKU example:

Recall that we cannot direct compare Harvard graduates’
salary with HKU graduates’ salary because the students are
so different. How about making the student background
very similar?

How to achieve that? We can use random assignment.
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How to achieve that? We can use random assignment.

Suppose that there are 10,000 students applying to Harvard
or HKU MBA program. Then, we randomly admit 100 to
Harvard, and randomly admit another 100 to HKU. So,
whether you are admitted to Harvard only depends on your
luck, not your age, ability, I1Q, talent, family background...

If there is difference in salary, the difference can only be
driven by school education.
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This is the basic idea of AB testing.

When we want to compare two (or more) conditions to see
which one works better, we can randomly assign
participants into two (or more) groups, namely group A
and group B. Since there are no other differences between
the two groups, any difference in the outcome is driven by
the difference in the conditions.
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The key for successful A /B testing is random assignment.
You must make sure that people in group A and group B
are similar enough, ruling out other potential causes of the
effects. AB testing is the gold standard for finding causal
relationship. It is commonly adopted by big tech firms.

Variant A Variant B,
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Why is randomization important?

Consider an example in which you assign male
MBAs to Harvard and female MBAs to HKU. If
one university performs better, you don’t know
whether this is caused by gender difference or
by difference in the schools.



AT A BENL I BUiX 4 B2

R FAIBABENL B, 855 EMBA ) B2 e ok,
M YEMBA 7> FLR) B R ARG B R A EE B RS
H AN BE R, T T AN RE A E A AT TR WA N 22 85 21 e = 14
il W B HTIE R R E S5



Example of A /B test: Speed matters.

“The dangers of a slow web site: frustrated
users, negative brand perception, increased
operating expenses, and loss of revenue.”

Steve Souders
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Example of A /B test: Speed matters.

Of course, faster is better, but how important is it to
improve performance by 0.1 second? Should you have a
person focused on performance? Maybe a team of five? The
return-on-investment (ROI) of such efforts can be quantified
by running a simple experiment.



ABIMRY B 12 B8 B B B

R34 R PR, (HR AT v 0. 180 2 IR AE T oKk 26 K
R R WE ? A TR E AT K2 — T NE AR B 3AT]
Pev W O T Bl XA A, FA T A T LY SE ok
T P S AT A i TR A SR 3R o




Example of A /B test: Speed matters.

While we may not be able to speed up the connection, it is
rather easy to slow down. Consider the following two
groups:

« Control group: The original speed

e Treatment group: Intentionally slow down by 100 msec.

We then compare the performance of the two groups to see
the effect of speed.
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Example of A /B test: Speed matters.

At Amazon, a 100 msec slow down experiment decreased
sales by 1% (Linden 2006).

An experiment at Bing revealed that a 100 msec slowdown

is associated with a 0.6% change in revenue (Kohavi et al.
2013).
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Example of A /B test
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Example of A/B test

Nobody thought this simple change, among the hundreds
suggested, would be the best revenue-generating idea in
Bing’s history! The feature was prioritized low and
languished in the backlog for more than six months until a
software developer decided to try the change, given how
easy it was to code. An engineer implemented the idea and
began evaluating the idea on real users, randomly showing
some of them the new title layout and others the old one.
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Example of A /B test

A few hours after starting the test, a revenue-too-high alert
triggered, indicating that something was wrong with the
experiment. The Treatment, that is, the new title layout, was
generating too much money from ads.

Bing’s revenue increased by a whopping 12%, which at the
time translated to over $100M annually in the US, without
hurting key user-experience metrics. The experiment was
replicated multiple times over a long period.
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Example of A/B test

Amazon placed a credit-card offer on the home page. It was
highly profitable but had a very low click-through rate
(CTR). What would you do to make it more effective?
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Example of A/B test

The team ran an experiment to move the offer to the
shopping cart page that the user sees after adding an item,
showing simple math highlighting the savings the user
would receive.

You could save $30 today with the Amazon Visa® Card:

-;'&: Your current subtotal:  $32.20
; Amazon Yisa discount:- $30.00
Your new subtotal: $2.20

Save $30 off your first purchase, earn 3% rewards, get a 0% APR*, and pay no annual
fee.
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You could save $30 today with the Amazon Visa® Card:

-;'&: Your current subtotal:  $32.20
. Amazon Visa discount: - $30.00 () Find out how
Your new subtotal: $2.20

Save $30 off your first purchase, earn 3% rewards, get a 0% APR*, and pay no annual
fee.




Example of A/B test

The controlled experiment demonstrated that this simple
change increased Amazon’s annual profit by tens of
millions of dollars.
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Click-Through Rates
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Suppose that we want to test the effectiveness of two banner ads:

A: Up to 4% p.a. savings rate

B: Enjoy HSBC Premier Elite Welcome Rewards worth over
HKD88,000

Our outcome is whether a user clicks through with ad A versus ad
B. How do we tell if one ad is more effective than the other?
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Suppose that:

5 out of 80 [6.25%] users clicked through on ad A;
6 out of 80 [7.50%] users clicked through on ad B.

Can you say that ad B is more effective than ad A?
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Suppose that:

5 out of 80 [6.25%] users clicked through on ad A;
6 out of 80 [7.50%] users clicked through on ad B.

Can you say that ad B is more effective than ad A?
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Suppose that:

450 out of 8,560 [5.25%] users clicked through on ad A;
710 out of 12,980 [5.47%] users clicked through on ad B.

Can you say that ad B is more effective than ad A?
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Suppose that:

450 out of 8,560 [5.25%] users clicked through on ad A;
710 out of 12,980 [5.47%] users clicked through on ad B.

Can you say that ad B is more effective than ad A?
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library(readr)
mydata = read csv("https://ximarketing.github.io/data/AB.csv")

head (mydata)
table(mydataS$treated, mydata$CTR)

NO Yes
A 1511 489
B 1415 585

It seems that ad B is more effective than ad A.
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library(readr)
mydata = read csv("https://ximarketing.github.io/data/AB.csv")

head (mydata)
table(mydataS$treated, mydata$CTR)

NO Yes
A 1511 489
B 1415 585
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The x-Squared Test

chisqg.test(mydataStreated, mydataS$CTR)

> chisq.test(mydata$treated, mydata$CTR)

Pearson's Chi-squared test with Yates' continuity correction

data: mydata$treated and mydata$cCTR
X-squared = 11.488, df = 1, p-value = 0.0007006

Here, we focus on the p-value. Typically, when p < 0.05, we claim
the two conditions lead to significantly different outcomes; and in
our case, p < 0.001, meaning that ad B is more effective than ad A.
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> chisq.test(mydata$treated, mydata$CTR)
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data: mydata$treated and mydata$cCTR
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library(readr)
mydata = read csv("https://ximarketing.github.io/data/AB.csv")

head (mydata)
table(mydataStreated, mydataSCTR)
chisg.test(mydata$treated, mydata$CTR)
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Revenue
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library(ggplot2)
ggplot (mydata,aes(x=revenue, color =treated))+
geom density(aes(linetype=treated))+

labs(title="Average Revenue Per User by Treatment Group",
x="Average Revenue Per User",
y="Density", color ="Treated", linetype ="Treated")
+theme (plot.title=elementtext(hjust=0.5))
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library(ggplot2)
ggplot (mydata,aes(x=revenue, color =treated))+
geom density(aes(linetype=treated))+

labs(title="Average Revenue Per User by Treatment Group",
x="Average Revenue Per User",
y="Density", color ="Treated", linetype ="Treated")
+theme (plot.title=elementtext(hjust=0.5))
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1 groupA = subset(mydata, treated == "A")

2 groupB = subset(mydata, treated == "B")
3 t.test(groupASrevenue, groupBS$revenue)
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1 groupA = subset(mydata, treated == "A")

2 groupB = subset(mydata, treated == "B")
3 t.test(groupASrevenue, groupBS$revenue)
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> t.test(groupA$revenue, groupB$revenue)
welch Two Ssample t-test

data: groupAS$revenue and groupBS$revenue
t = -31.741, df = 3997.3, p-value < 2.2e-16

alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:

-5.333737 -4.713168
sample estimates:
mean of x mean of y

9.896065 14.919518

The mean for group B is greater (14.91 vs. 9.89). Also, the p-value
is highly significant (because 2.2 x 10~*% < 0.05), we can
confidently claim that individuals in group B contribute a much
higher revenue on average.
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library(readr)
library(ggplot2)
mydata = read csv("https://ximarketing.github.io/data/AB.csv")

groupA = subset(mydata, treated == "A")
groupB = subset(mydata, treated == "B")
t.test(groupASrevenue, groupBSrevenue)
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Question: What is the difference between the x-
squared test and the ¢-test?

t-test is used to compare the means of two
. x-squared test, by contrast, demonstrates whether
there is an association between two
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Some Caveats
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Question

A bank is testing a new loan product by randomly
assigning customers to either a control group (existing loan
product) or a treatment group (new loan product).

What is wrong with this A /B test?
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Question

A bank is testing a new loan product by randomly
assigning customers to either a control group (existing loan
product) or a treatment group (new loan product).

Customers in the treatment group may share their
experiences with the new loan product with friends or
family members who are in the control group. This
communication could influence the decisions of control
group customers, leading them to consider applying for the
new product even though they were not directly exposed
to it.



7] 7

UREIERTTREAILAS 27 - 20 BC 2150 FREH (fla 7142 20 BLA 580 fn)
B S0 A (AT T & BH 6300 ) o B X A~ 525, IR BLLL
B — X ST A UR B4

S 20 ) 2 ] e 5 o R A IR AR N 23 A AT TR 8
F A H R . XA I A] BE S X AR PRI DR, i
floA7 175 58 FE IR i BIAEARA ISR B 2 .




Question

Geographic Segmentation: Conduct the A /B test in
geographically isolated regions to minimize
communication between treatment and control groups.
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Question

You help CCB design a training program to help employees
learn marketing. You randomly select half of the employees
for the opportunity to join the training program and the
other half without training, and see the difference.

What is wrong with the A /B test?
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Question

You help CCB design a training program to help employees
learn marketing. You randomly select half of the employees
for the opportunity to join the training program and the
other half without training, and see the difference.

Not everyone will join when the opportunity is provided,
and those who join may differ from those who who do not
join. In this case, participants in the two groups can be
different. It is no longer random!
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Question

Not everyone will join when the opportunity is provided,
and those who join may differ from those who who do not
join. In this case, participants in the two groups can be
different. It is no longer random!

In general, this effect is very different to fix. There are some
recently developed statistical methods which can help
correct or alleviate this issue.
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Question

You want to study the effect of Uber driver supply on the
consumer demand. You want to change the number of
Uber drivers to see how the number of orders change. In
some (randomly assigned) conditions you have more
drivers and in some (randomly assigned) conditions you
have fewer drivers.

But you cannot force drivers to work in certain hours. What
could you do in this case?
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Question

But you cannot force drivers to work in certain hours. What
could you do in this case?

Instead of forcing them to work, you can offer subsidies of
random values to the drivers. When there is a high subsidy,
more drivers will be willing to work for Uber.
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Question

You want to study how the interest rates affect users’
willingness to deposit. However, if a user finds out her
interest rate is lower than others, he or she may get angry
with you.

How can you run the experiment without annoying your
users?
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A Possible Answer

You can offer all users the same low base interest rate.
Meanwhile, you randomly give some users an additional
bonus interest rate for being “lucky users”. This makes
users feel better.
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