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Agenda
üIntroduction to controlled experiments

üCƻǳǊ ǊŜŀƭ ŜȄŀƳǇƭŜǎΥ ȅƻǳΩǊŜ ǘƘŜ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊ
Examples chosen to share lessons

üLessons and pitfalls

üCultural evolution towards a data-driven org
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Motivation: Product Development

üClassical software development: spec->dev->test->release

üCustomer-driven Development: Build->Measure->Learn (continuous deployment cycles)
Á5ŜǎŎǊƛōŜŘ ƛƴ {ǘŜǾŜ .ƭŀƴƪΩǎ The Four Steps to the Epiphany (2005)
ÁtƻǇǳƭŀǊƛȊŜŘ ōȅ 9ǊƛŎ wƛŜǎΩ The Lean Startup (2011)
ÁBuild a Minimum Viable Product (MVP), or feature, cheaply
ÁEvaluate it with real users in a controlled experiment (e.g., A/B test)
ÁIterate (or pivot) based on learnings

üWhy use Customer-driven Development?
Because we are poor at assessing the value of our ideas
(more about this later in the talk)

üWhy I love controlled experiments
In many data mining scenarios, interesting discoveries are made and promptly ignored.
In customer-driven development, the mining of data from the controlled experiments 
and insight generation is part of the critical path to the product release
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It doesn't matter how beautiful your theory is, 
it doesn't matter how smart you are. 
If it doesn't agree with experiment[s], it's wrong
-- Richard Feynman 
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A/B/n Tests in One Slide
üConcept is trivial
ÁRandomly split traffic between two (or more) versions

oA (Control)
oB (Treatment)
ÁCollect metrics of interest
ÁAnalyze 

üSample of real users 
ÁNot WEIRD (Western, Educated, Industrialized, Rich,

and Democratic) like many  academic research samples

üA/B test is the simplest controlled experiment
ÁA/B/n refers to multiple treatments (often used and encouraged: try control + two or three treatments)
ÁMVT refers to multivariable designs (rarely used by our teams)

üMust run statistical tests to confirm differences are not due to chance

üBest scientific way to prove causality, i.e., the changes in metrics are caused by changes 
introduced in the treatment(s)

http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7825833


Personalized Correlated Recommendations
üActual personalized recommendations from Amazon.

(I was director of data mining and personalization at Amazon back in 2003, so I can ridicule 
my work.)

üBuy anti aging serum because
youbought an LED light bulb
(Maybe the wrinkles show?)

üBuy Atonement movie DVD because
you bought a Maglite flashlight
(must be a dark movie)

üBuy Organic Virgin Olive Oil because
you bought ToiletPaper. 
όLŦ ǘƘŜǊŜ ƛǎ Ŏŀǳǎŀƭƛǘȅ ƘŜǊŜΣ ƛǘΩǎ ǇǊƻōŀōƭȅ
in the other direction.)



Advantage of Controlled Experiments

üControlled experiments test for causalrelationships, not simply correlations

üWhen the variants run concurrently, only two things could explain a change in metrics:
1. ¢ƘŜ άŦŜŀǘǳǊŜόǎύέ ό! ǾǎΦ .ύ

2. Random chance

Everything else happening affects both the variants

For #2, we conduct statistical tests for significance

üThe gold standard in science and the only way to prove efficacy of drugs in FDA drug tests

üControlled experiments are not the panacea for everything. 
Issues discussed in the journal survey paper
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http://bit.ly/expSurvey


The First Medical Controlled Experiment
üThe earliest controlled experimentwas a test for vegetarianism,

suggested in the Old Testament's Book of Daniel
Test your servants for ten days. Give us nothing but vegetables to eat and water to drink. 
Then compare our appearance with that of the young men who eat the royal food, and 
treat your servants in accordance with what you see

üFirst controlled experiment / randomized trial for medical purposes
ÁScurvy is a disease that results from vitamin C deficiency

ÁIt killed over 100,000 people in the 16th-18th centuries, mostly sailors
Á[ƻǊŘ !ƴǎƻƴΩǎ ŎƛǊŎǳƳƴŀǾƛƎŀǘƛƻƴ ǾƻȅŀƎŜ ŦǊƻƳ мтпл ǘƻ мтпп ǎǘŀǊǘŜŘ ǿƛǘƘ мΣулл

sailors and only about 200 returned; most died from scurvy
ÁDr. James Lind noticed lack of scurvy in Mediterranean ships
ÁGave some sailors limes (treatment), others ate regular diet (control)
ÁExperiment was so successful, British sailors are still called limeys

üAmazing scientific triumph, right?  Wrong
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https://www.linkedin.com/pulse/earliest-controlled-experiment-ab-test-ronny-kohavi


The First Medical Controlled Experiment
üLike most stories, the discovery is highly exaggerated
ÁThe experiment was done on 12 sailors split into 6 pairs

ÁEach pair got a different treatment: cider, elixir vitriol, vinegar, sea-water, nutmeg

ÁTwo sailors were given two oranges and one lemon per day and recovered

ÁLind ŘƛŘƴΩǘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ reason and tried treating Scurvy with concentrated
ƭŜƳƻƴ ƧǳƛŎŜ ŎŀƭƭŜŘ άǊƻōΦέ  
The lemon juice was concentrated by heating it, which destroyed the vitamin C.

ÁWorking at Haslarhospital, he attended to 300-400 scurvy patients a day for 5 years

ÁIn his 559 pages massive book A Treatise on the Scurvy, there are two pages about 
this experiment.   Everything else is about other treatments, from Peruvian bark to
bloodletting to rubbing the belly with warm olive oil
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Lesson: Even when you have a winner, the reasons are often not understood.
Controlled experiments tell you which variant won, not why.

https://play.google.com/store/books/details/James_Lind_A_Treatise_on_the_Scurvy?id=T1OT3tYmh5wC


Experimentation at Scale
üLΩǾŜ ōŜŜƴ ŦƻǊǘǳƴŀǘŜ ǘƻ ǿƻǊƪ ŀǘ ŀƴ ƻǊƎŀƴƛȊŀǘƛƻƴ ǘƘŀǘ ǾŀƭǳŜǎ ōŜƛƴƎ Řŀǘŀ-driven

üWe finish about ~300 experiment treatments at Bing every week.
(Since most experiments run for a week or two, there are a similar number of concurrent treatments running.
¢ƘŜǎŜ ŀǊŜ άǊŜŀƭέ ǳǎŜŦǳƭ ǘǊŜŀǘƳŜƴǘǎΣ ƴƻǘ оȄмлȄмл a±¢ Ґ оллύ

ü{ŜŜ DƻƻƎƭŜΩǎ Y55 нлмл ǇŀǇŜǊ ƻƴ Overlapping Experiment Infrastructure and
Our KDD 2013 paper on challenges of scaling experimentation: http:// bit.ly/ExPScale

üEach variant is exposed to between 100K and millions of users, sometimes tens of millions

ü90% of eligible users are in experiments (10% are a global holdout changed once a year)

üThere is no single Bing.   Since a user
is exposed to 15 concurrent
experiments, they get one of
5^15 = 30 billion variants 
(debugging takes a new meaning).

üUntil 2014, the system was
limiting usage as it scaled.
Now the limits come from 
ŜƴƎƛƴŜŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ŎƻŘŜ ƴŜǿ ƛŘŜŀǎ

Ronny Kohavi 9

http://bit.ly/ExPScale


Real Examples
üFour experiments that ran at Microsoft

üEach provides interesting lessons

üAll had enough users for statistical validity

üFor each experiment, we provide the OEC, the Overall Evaluation Criterion
ÁThis is the criterion to determine which variant is the winner

üGame: see how many you get right 
ÁEveryone please stand up
ÁThree choices are:

oA wins  (the difference is statistically significant)
oA and B are approximately the same (no stat sig diff)
oB wins

üSince there are 3 choices for each question, random guessing implies
100%/3^4 = 1.2% will get all four questions right.  
[ŜǘΩǎ ǎŜŜ Ƙƻǿ ƳǳŎƘ ōŜǘǘŜǊ ǘƘŀƴ ǊŀƴŘƻƳ ǿŜ Ŏŀƴ ƎŜǘ ƛƴ ǘƘƛǎ ǊƻƻƳ
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Example 1: MSN Home Page Search Box

üOEC: Clickthrough rate for Search box and popular searches
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A

Differences: A has taller search box (overall size is the same), 
has ƳŀƎƴƛŦȅƛƴƎ Ǝƭŀǎǎ ƛŎƻƴΣ άǇƻǇǳƭŀǊ ǎŜŀǊŎƘŜǎέ 
B has big search button, provides popular searches without calling them out

ÅRaise your left hand if you think A Wins (top)
ÅRaise your right hand if you think B Wins (bottom)
Å5ƻƴΩǘ ǊŀƛǎŜ ȅƻǳǊ ƘŀƴŘ ƛŦ ǘƘŜȅ ŀǊŜ ǘƘŜ ŀōƻǳǘ ǘƘŜ ǎŀƳŜ

B



MSN Home Page Search Box
ώ¸ƻǳ ŎŀƴΩǘ ŎƘŜŀǘ ōȅ ƭƻƻƪƛƴƎ ŦƻǊ ǘƘŜ ŀƴǎǿŜǊǎ ƘŜǊŜϐ
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Example 2: Bing Ads with Site Links

ü{ƘƻǳƭŘ .ƛƴƎ ŀŘŘ άǎƛǘŜ ƭƛƴƪǎέ ǘƻ ŀŘǎΣ ǿƘƛŎƘ ŀƭƭƻǿ ŀŘǾŜǊǘƛǎŜǊǎ ǘƻ ƻŦŦŜǊ ǎŜǾŜǊŀƭ ŘŜǎǘƛƴŀǘƛƻƴǎ 
on ads?

üOEC: Revenue, ads constraint to same vertical pixels on avg

üPro adding: richer ads, users better informed where they land

ü/ƻƴǎΥ /ƻƴǎǘǊŀƛƴǘ ƳŜŀƴǎ ƻƴ ŀǾŜǊŀƎŜ п ά!έ ŀŘǎ ǾǎΦ о ά.έ ŀŘǎ
Variant B is 5msc slower (compute + higher page weight)
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A B

ÅRaise your left hand if you think A Wins (left)
ÅRaise your right hand if you think B Wins (right)
Å5ƻƴΩǘ ǊŀƛǎŜ ȅƻǳǊ ƘŀƴŘ ƛŦ ǘƘŜȅ ŀǊŜ ǘƘŜ ŀōƻǳǘ ǘƘŜ ǎŀƳŜ



Bing Ads with Site Links
ώ¸ƻǳ ŎŀƴΩǘ ŎƘŜŀǘ ōȅ ƭƻƻƪƛƴƎ ŦƻǊ ǘƘŜ ŀƴǎǿŜǊǎ ƘŜǊŜϐ
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Example 3:
SERP Truncation

üSERP is a Search Engine Result Page
(shown on the right for the query KDD 2015)

üOEC: Clickthrough Rate on 1st SERP per query
(ignore issues with click/back, page 2, etc.)

üVersion A: show 10 algorithmic results

üVersion B: show 8 algorithmic results by removing 
the last two results

üAll else same: task pane, ads, related searches, etc.
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ÅRaise your left hand if you think A Wins (10 results)
ÅRaise your right hand if you think B Wins (8 results)
Å5ƻƴΩǘ ǊŀƛǎŜ ȅƻǳǊ ƘŀƴŘ ƛŦ ǘƘŜȅ ŀǊŜ ǘƘŜ ŀōƻǳǘ ǘƘŜ ǎŀƳŜ



SERP Truncation
ώ¸ƻǳ ŎŀƴΩǘ ŎƘŜŀǘ ōȅ ƭƻƻƪƛƴƎ ŦƻǊ ǘƘŜ ŀƴǎǿŜǊǎ ƘŜǊŜ]
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Example 4: Underlining Links
üDoes underlining increase or decrease clickthrough-rate?
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Example 4: Underlining Links
üDoes underlining increase or decrease clickthrough-rate?

üOEC: Clickthrough Rate on 1st SERP per query
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A B

ÅRaise your left hand if you think A Wins (left, with underlines)
ÅRaise your right hand if you think B Wins (right, without underlines)
Å5ƻƴΩǘ ǊŀƛǎŜ ȅƻǳǊ ƘŀƴŘ ƛŦ ǘƘŜȅ ŀǊŜ ǘƘŜ ŀōƻǳǘ ǘƘŜ ǎŀƳŜ



Underlines
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[You ŎŀƴΩǘ ŎƘŜŀǘ ōȅ ƭƻƻƪƛƴƎ ŦƻǊ ǘƘŜ ŀƴǎǿŜǊǎ ƘŜǊŜϐ



Agenda
üIntroduction to controlled experiments

üCƻǳǊ ǊŜŀƭ ŜȄŀƳǇƭŜǎΥ ȅƻǳΩǊŜ ǘƘŜ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊ

üLessons and pitfalls

üCultural evolution towards a data-driven org
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Hard to Assess the Value of Ideas:
Data Trumps Intuition
üFeatures are built because teams believe they are useful.

But most experiments show that features fail to move the metrics they were
designed to improve

üWe joke that our job is to tell clients that their new baby is ugly

üBased on experiments at Microsoft (paper)
Á1/3 of ideas were positive ideas and statistically significant

Á1/3 of ideas were flat: no statistically significant difference

Á1/3 of ideas were negative and statistically significant

üAt Bing, the success rate is lower

üThe low success rate has been documented many times across multiple companies
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If you start running controlled experiments, you will be humbled!

http://exp-platform.com/expMicrosoft.aspx


Key Lesson Given the Success Rate

üExperiment often
ÁTo have a great idea, have a lot of them -- Thomas Edison

ÁIf you have to kiss a lot of frogs to find a prince, 
find more frogs and kiss them faster and faster 
-- Mike Moran, Do it Wrong Quickly

üTry radical ideas.  You may be surprised
Á5ƻǳōƭȅ ǘǊǳŜ ƛŦ ƛǘΩǎ ŎƘŜŀǇ ǘƻ ƛƳǇƭŜƳŜƴǘ 

ÁIf you're not prepared to be wrong, you'll never come up
with  anything originalςSir Ken Robinson, TED 2006 (#1 TED talk)
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Avoid the temptation to try and build optimal features through 
extensive planning without early testing of ideas

http://www.ted.com/talks/ken_robinson_says_schools_kill_creativity.html


¢ǿȅƳŀƴΩǎ [ŀǿ

üLŦ ǎƻƳŜǘƘƛƴƎ ƛǎ άŀƳŀȊƛƴƎΣέ ŦƛƴŘ ǘƘŜ ŦƭŀǿΗ

üExamples
ÁLŦ ȅƻǳ ƘŀǾŜ ŀ ƳŀƴŘŀǘƻǊȅ ōƛǊǘƘ ŘŀǘŜ ŦƛŜƭŘ ŀƴŘ ǇŜƻǇƭŜ ǘƘƛƴƪ ƛǘΩǎ ǳƴƴŜŎŜǎǎŀǊȅΣ ȅƻǳΩƭƭ ŦƛƴŘ ƭƻǘǎ ƻŦ ммκммκмм ƻǊ 

01/01/01
ÁLŦ ȅƻǳ ƘŀǾŜ ŀƴ ƻǇǘƛƻƴŀƭ ŘǊƻǇ ŘƻǿƴΣ Řƻ ƴƻǘ ŘŜŦŀǳƭǘ ǘƻ ǘƘŜ ŦƛǊǎǘ ŀƭǇƘŀōŜǘƛŎŀƭ ŜƴǘǊȅΣ ƻǊ ȅƻǳΩƭƭ ƘŀǾŜ ƭƻǘǎ ƻŦΥ 

jobs = Astronaut
ÁTraffic to web sites doubled between 1-2AM November 2, 2014 for many sites, relative to the same hour 

a week prior.  Why?

üIŦ ȅƻǳ ǎŜŜ ŀ ƳŀǎǎƛǾŜ ƛƳǇǊƻǾŜƳŜƴǘ ǘƻ ȅƻǳǊ h9/Σ Ŏŀƭƭ ¢ǿȅƳŀƴΩǎ ƭŀǿ ŀƴŘ ŦƛƴŘ ǘƘŜ ŦƭŀǿΦ
Triple check things before you celebrate.
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Any figure that looks interesting or different is usually wrong



The OEC
üIf you remember one thing from this talk, remember this point

üOEC = Overall Evaluation Criterion
ÁLean Analytics call it OMTM:  One Metric That Matters (OMTM). 

ÁGetting agreement on the OEC in the org is  a huge step forward

ÁSuggestion: optimize for customer lifetime value, not short-term revenue.  Ex: Amazon e-mail
Look for success indicators/leading indicators, avoid lagging indicators and vanity metrics.

ÁwŜŀŘ 5ƻǳƎ IǳōōŀǊŘΩǎ How to Measure Anything

ÁFunnels use Pirate metrics: acquisition, activation, retention, revenue, and referral τAARRR

ÁCriterion could be weighted sum of factors, such as
o Conversion/action, Time to action, Visit frequency 

ÁUse a few KEY metrics.  Beware of the Otis Redding problem (Pfeffer& Sutton)
άL ŎŀƴΩǘ Řƻ ǿƘŀǘ ǘŜƴ ǇŜƻǇƭŜ ǘŜƭƭ ƳŜ ǘƻ ŘƻΣ ǎƻ L ƎǳŜǎǎ LΩƭƭ ǊŜƳŀƛƴ ǘƘŜ ǎŀƳŜΦέ

ÁReport many other metrics for diagnostics, i.e., to understand the why the OEC changed,
and raise new hypotheses to iterate.  For example, clickthrough by area of page

ÁSee KDD 2015 papers by Henning etal. on Focusing on the Long-ǘŜǊƳΥ LǘΩǎ Good for Users and Business, and 
Kirill etal. on Extreme States Distribution Decomposition Method
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Agree early on what you are optimizing

http://www.amazon.com/Lean-Analytics-Better-Startup-Faster-ebook/dp/B00AG66LTM
http://www.slideshare.net/dmc500hats/startup-metrics-for-pirates-long-version

