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Controlled Experiments on the Web:
Survey and Practical Guide

Ron Kohavi s Roger Longbotham 3 Dan Sommerfield 5 Randal M. Henne

ABSTRACT The web provides an unprecedentegportunity to evaluate ideas quickly using controlled
experiments, also called randomized experimendB tests (and their generalizations), split tests,
Control/Treatmentests MultiVariable Tests (MVT)and parallel flights.Controlled experiments erady the best
scientific design for establishing a causal relationship between changes and their influenceaofisengable
behavior. We provide a practical guide toonductingonline experiments where eneusers can help guidine
development of featuse Our experience indates that significant learniragd returron-investment (ROI) are seen
whendevelopment teamissten to their customers, nottothé lg h e s t Pai d PeéeEPE).WagovideOpi ni on  (
severalexamples of controlled experimemigh suprising results.We revew the important ingredients afinning
controlled experiments, and discuss their limitatifimgh technical and organizationaljVe focus on several areas

that are criticato experimentationincluding statistical power, sample size, and t@gues for variance reduction.

We describecommon architectures farxperimentation systenand analyze theiadvantages and disadvantages

We evaluaterandomzation and hashing techniques, which we show areamosimple in practice as often
assumed. Controlled experiments typically generate large amounts of data, which can be analyzed using data
mining techniques to gain deeper understanding of the factors influencing the outcome of interest, leading to new
hypotheses and creating a virtuous cycle of improvemeéditganizations that embracentmlled experimentwith

clear evaluation criterigan evolvetheir systemswith automated optimizationasnd realtime analyss. Based on

our extensivepractical expeience with multiple systems and organizationge share key lessorthat will help
practitioners in running trustworthy controlled experiments.
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1. INTRODUCTION
One &curate measurement is worth more
than athousand expextpinions
0 Admiral Grace Hopper

I n the 1700s, a British shipbds captain observed the | acl
countries, where citrus fruit was part of their rations. He then gave half his crew limeseg@hmént group) while the other

half (the Control group) continued with their regular diet. Despite much grumbling among the crew in the Treatment group,
the experiment was a success, showing that consuming limes prevented scurvy. While the captaieadizerthat scurvy

is a consequence of vitamin C deficiency, and that limes are rich in vitamin C, the intervention worked. British sailors
eventually were compelled to consume citrus fruit regularly, a practice that gave rise to-gapstdt lakel limeys(Rossi,

et al., 2003; Marks, 2000)

Some B0 years laterGreg Lindenat Amazoncreated a prototype to shgersonalizedecommendations based on items in

the shopping cafLinden,2006) You add a item, recommendations shaw; add another item, different recommendations

show up. Linden notes that hile the prototype looked promisinfia marketingsenior vicepresident was dead set against

it,0 claiming it will distract peple from checking outGr e g farladden fo work on this any furtherdNonetheless, Greg

ran a controlled experimenandthe fifeature won by such a wide margin that not having it live was costing Amazon a
noticeable chunk of change. With new urgentypping cart recommendations launclied. Si nce t hen, mul t
copiedcart recommendations

The authors of this paper were inveld in many experiments at Amazadviicrosoft, Dupont, and NASA The alture of
experimentatiorat Amazonwhere datarumps intuition(Kohavi, et al., 2004)and a system that made running experiments
easy allowed Amazon tannovatequickly and effectively At Microsoft, there are multiple systems famning controlled
experiments. W desribe several architectures in this paper with their advantages and disadvantages. A unifying theme is
that controlled experiments have great refmrinvestment (ROI) and that building the appropriate infrastructure can
accelerate innovatiorstefan Tk mk e 6 s b ook t i t ExperiinentatioreMatters §Thomkee2003)h e r e :

The web provides an unprecedented opportunity to evaluate ideas quickly using controlled experiments, also called
randomized experiments (singkctor or factorial designs), A/B tests (and their generalizations), split tests,
Control/Treatment, and parallel flightdn the simplest manifestation of such experiments, live users are randomly assigned

to one of two variants: (i) the Control, whichdso mmonl y t he HAexistingd version, and
new version being evaluated. Metrics of interest, ranging fuortinne performance to implicit arekplicit user behaviors

and survey data, are collected. Statistical tests are then conducted anlldbteddatato evaluate whether there is a
statistically significant difference between the two variants on metrics of interest, thus permittingetasntor rejectthe

(null) hypothesis that there is no difference between the versitmsnany cases, drilling down to segments of ussigg

manual (e.g., OLAP) or machine learniagd data miningechniguesallows us to understand which subpopulasichow
significant differences, thuselping improveour understanding amtogress forward with an idea.

Controlled experiments prode a methodology toeliably evaluate ideagJnlike other methodologiesuch as poshoc

analysis or interrupted timees(quasi experimentatioriCharles, et al., 2004bhis experimental desigmethodologytests

for causal relationship@Keppel, et al., 1992 pp.-&. Most organizations have many idedut the returon-investment

(ROI) for many may be unclear and the evaluation itself may be expensive. As shown in the next section, even minor
changes can make a big difference, aftenin unexpected ways. A live experiment goes a long way iniginmyguidance

as to the value of the ide®@ur cantributions include the following

1 In Section3 we review controlled experimenia a web environment angrovide a rich set of referencemcluding an
important review of statistical power and sample size, which are often missing in primers. We then look at techniques for
reducing variance that we found useful in practice. We also discuss extensions andribwtatitat practitioners can
avoid pitfalls.

1 In Sectiod, we present several alternatives to MMériable Tests (MVTSs) in an online setting. In the softwareldyor
there are sometimes good reasons to prefer concurrevarigiie tests over traditional MVTs.

1 In Section5, we present generalized architectures that unifyitiple experimentation systems we have sesmd we
discuss theipros and cons We show that some randomization aras$ting schemes fail conditional independence tests
required for statistical validity.

1 In Section6 we provide important practical lessons.
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When a company builds a system for experimentation, the cost of testing and experimental failure becomes small, thus
encouraging innovation through estpmentation. Failing fast and knowing that an idea is not as great as was previously
thought helps provide necessary course adjustments so that other more successful ideas can be proposed and implemented.

2. MOTIVATING EXAMPLES

The fewer the facts, tl#tronger the opinion
8 Arnold Glasow
The following examples present surprising results in multiple areas. The first two deal with small Ul changes that result in
dramatic differences. The third example shows how controlled expericemie used to make a tradeoff between short

term revenue from ads and the degradation in the user experience. The fourth example shows thentretieof
experiments in backend algorithms, in this case search at Amazon.

2.1 Checkout Pageat Doctor FootCare

The conversion rateof an ecommerce site is the percentage of visits to the website that include a purchafedoWitey
exampl e comes fr om BEisgrderg, 03sEsenbeegr20d)s arti cl es

Doctor FootCare™

B Shopping Cart

Doctor FootCare™

B Shopping Cart

Home | Products | Leam More | Tips | Testimonials | FAQ | AboutUs | Contact Us

1-866-211-9733 Home | Products | Leam Morw | Tips |

Testimonials | FAQ | AboutUs | ContactUs 1-866-211-0733

Shop With Confidence Shop With Confidence
+ Satistaction Guaranteed + 30-day, hassle-free Retums +/ Satistaction Guaranteed  30-day, hassle-tree Retums
v 100% Safe, Secured shopping / We assure your Privacy + 100% Safe, Secured shopping. ' We assure your Privacy

) 10096 Secured Checkout » Proceed To Checkout
15) 10045 Secured Checkout

D e smber | quaosty | ramors | vt poce | subou

Trial Kit FFCS 1

Continue Shopping | » Proceed To Checkout

[ tmm e |t b | sty | omovn | it orce | @ s 5200

Trial kit FFCS 1 [t $0.00 |Epcemess = twies
T ETYT)
Update Total: $8.00

Enter Coupon Code
Select shipping Method | Standerd ($5.95) % Seloct Shipping Method  Standard (§5 95) v
9 10004 Secured Checkout Continue Shopping | » Proceed To Checkout

5} 10095 Secured theckout Recalculate | Continue Shopping > Proceed To Checkout

Home | Products | Leam More | Tips | ls | FAQ | AboutUs | ContactUs | Shopping
Cart Home | Products | Leam Mors | Ties | Testimonials | EAQ | About Us | ContactUs | shopping Cart

Figure 1: Variant A on left, Variant B on right.
Can you guess which one has a higher conversion rate and whether the difference is significant?

There are nine diéfrences between the two varianfgshe Doctor FootCareheckout page shown Figurel. If a designer
showed you these and asked which one should be deployédd,ycoutell which one results in a higher conversion rate?
Could you estimate what the difference is betweendhgearsion rateandwhetherthat differences significan®

We encouageyou, the readettp think abouthis experimenbefore reading the answe€an you estimate which variant is
better and by how much? It is very humbling to see hand itis to carectly predictheanswer

Please, challenge yourself!

]
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Variant AinFigurelout per f or med wvariant B by an order mtheAtmBandi t ud e
lost 90% of their revenlieMost of the changes in the upgrade were positive, but the coupon code was the critical one: people
started to think twice about whether they were paying too much because there are discount coupons outitbiaotinat

have. By removing the discount code from the new version (B), conveemincreased 6.5% relative to the old version

(A).

2.2 Ratings of Microsoft Office Help Articles

Users of Mcrosoft Office who request help (or goough theOffice Onlinewebsiteat http://office.microsoft.cohare gven
an opportunity to rate tharticles they read The initialimplementation presented users witkfes/Nowidget. The team then
modified the widget ath offered a Estar ratings.

The motivations for the change were the following:

1. The 5star widget provides finggrained feedback, which might help better evaluate content writers.
2. The 5star widgeimprovesusability by exposing users to a single feedbbok as opposed to two separate-p@g (one
for Yes/Naand another fowhy).

Was this information helpful?
Yes || M
T
|
r = == = Usger clicks "Yes" = = = = & = = = = User clicks ‘No'= = = = -I
|
h ¥
How was this information helpful? How can we make this information more helpful?
__________________________
Back Submit |L_Back Submt_|

Figure 2: Microsoft Help Ratings Widget. The original widjet is shown above
When users click on Yes/No, the dialogue continues gdkinfreetext input (twephase)

Figure 3: New 5-star ratings widget. Single rating widget with 5 stars

Can you estimate which widget had a higher response rate, where response is any interactiowidghbtthe

The surprise here was thatimber of ratings plummeted lapout 90%thus significantly missing on goal #2 above. Based
on additional tests, it turned out that the 4stage model helps in increasing the response r&pecifically,a controll@
experiment showed thétte widget shown irigure4, which was a twestage model and also clarified thetars direction as
fiNot helpfub to fiVery helpfub outperfemed the one irFigure 3 by a factor of 2.2, i.e., the response rate wagith@s
higher.
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