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ABSTRACT

This report outlines and describes a data-driven design method known as A/B
Testing. It covers aspects such as its history, its usage by several high-profile
corporations, and demonstrates how A/B Testing can be used to test websites
using frameworks such as the Google Website Optimizer.
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1

INTRODUCTION

This chapter serves as an introduction to the A/B Testing method, and will also
describe the structure of this report. In order to fully describe A/B Testing, four
main topics were identified and each chapter deals with one of these topics.
In section 2 the history of A/B Testing is discussed. As a technique, A/B
Testing has actually existed long before the web was born and has predecessors
in several fields, including medicine. Several of these are outline in this section
of the report.
In section 3, the topic of Design vs. Data is presented. Because A/B Testing
belongs to the field of data-driven design, it has been criticized for quantifying
design and subjugating creative innovation. Detractors claim that design cannot,
or should not, be approached in a such a purely scientific manner, and this
chapter attempts to offer an objective viewpoint of the situation.
Section 4 concentrates on highlighting a number of examples of A/B Testing in
use. Many household-name companies have used A/B Testing to much success,
and a number of them will be described in this section.
Last, in section 5, various A/B Testing frameworks are presented. Due to the
popularity of A/B Testing, and its relative simplicity, many frameworks have
appeared allowing for the easy integration of A/B tests into websites. A number
of these frameworks will be compared, and their respective advantages and
disadvantages discussed.
Therefore, the remainder of this section will briefly outline what A/B Testing
is, how it is commonly used, and why this method has been embraced by so
many companies.
1.1

what is a/b testing?

Put simply, A/B Testing is a method used to gain insight into visitor behavior
by creating two (or more) versions of a webpage and analyzing which version
results in a higher conversion rate. That means, for example, that a newly
designed “Buy Me” button can be empirically tested to see whether a new color
results in more sales [Smashing Magazine, 2010a].
To do this, users who visit a website are randomly placed into different groups,
where each group sees a different version of the same website. In its simplest
sense, two versions of a website are created and 50% of its visitors are randomly
assigned to the original design (the control group) and 50% are assigned to the
new design (the test or treatment group). A new design can be radically different,
or it can be a tiny incremental change that is barely noticeable to the average
user. A metric is chosen as a measure of success, and the users’ behavior is then
logged and later analyzed. Typically, a metric might be the percentage of users
who clicked on a particular button, or who completed a signup process.
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The experiment runs simultaneously; that means all versions of your design
are live at the same time. Users that have been assigned to the various versions
of your site should therefore never be moved to another group during a test.
Normally, a cookie or something similar is used to enforce this. Figure 1 describes
the basic principle of A/B Testing graphically.

index.html

Version B

Visitors Randomly Distributed

Version A

2

index-alt.html

News

Sign Up Here!
Main Content

Navigation

Navigation
Main Content
News

75 sign ups

Sign Up Here!

50 sign ups
Version A is better than Version B

Figure 1: The above depicts an example of a simple A/B test. As can be seen, the users
are split into two groups where each group sees a slightly different version of
a webpage (in this case, the signup section has been moved from being above
the main content to just below it). The chosen metric in this case is the number
of signups. In this example, Version A’s design is better than Version B’s as
more people signed up by the end of the test period.

The very strength of A/B Testing is its simplicity—in terms of both the ease of
which it can be incorporated into a website, and the ease in which the data can be
analyzed. This, however, brings up the issue of statistics and how the analyze the
data correctly. As this is beyond the scope of the introductory chapter, statistical
significance and data analysis are described in more detail in section 3 on page 9.
However, the fact remains that A/B Testing’s main advantage is its simplicity:
even the most minuscule design changes can quickly and easily be tested before
becoming part of a website’s newer design—with little or no disruption to the
service or the user’s experience, and therein lies its greatest asset.

2

H I S TO RY

As already mentioned in the introduction, there were several testing techniques
before A/B Testing came on the horizon and they were used long before the
internet. It is important to take a look at them to understand the basic value of
testing your designs, versus just going with your gut and relying on “known”
truths.
This chapter will take a look at three different examples of testing before
A/B Testing on the web was employed. The first one is a book about testing,
Scientific Advertising from Claude Hopkins. Hopkins describes the value of
testing versus long discussion in his work. The second one is a case study from
how Toyota deploys testing to optimize their processes and factories. Thirdly,
this chapter shows how medical trials are structured and why they are similar
to testing. After these examples, A/B Testing in the context of web is examined.
It is discussed why testing should be used and how the criterion for evaluating
results is constructed. Finally the results of this historical look at testing are
examined and shown what is important for testing.
2.1

testing in the time of advertising disaster.

In his famous book Scientific Advertising Claude Hopkins says: “Almost any
questions can be answered, cheaply, quickly and finally, by a test campaign. And
that’s the way to answer them - not by arguments around a table. Go to the
court of last resort - the buyers of your product.” (1923)
When looking at advertising, there are many factors that influence the potential success or failure of an advertising campaign. That is because tastes
differ so much, that a person alone can hardly predict what the majority of
people will like. One person may be sure of a good idea for an ad campaign
and it fails, when on the other side people may laugh at an idea at first, but it
becomes a huge success. Exactly for this reasons, this period was called the time
of advertising disaster. Because advertisers ventured on their own ideas, huge
amounts of money got spend on big campaigns. Only a few guessed right, and
most of them guessed wrong and lost a lot of money. It wasn’t known to them
how much their cost per customer or profit per customer was [Hopkins, 1923].
So what should be done? Hopkins suggested that small ventures could be
made in the form of testing campaigns and let the thousands decide what the
millions want. If the data is known for a few thousand people and their buying
habits for a specific product/design, from that the data can be interpolated and
applied to more people. So big risks can be avoided at minimal cost, because the
outcome of an idea can be more or less calculated based on data from a small
controlled test group [Hopkins, 1923].
Hopkins went on to demonstrate this way of thinking with an example. A
large food advertiser wanted to try a new design for one of their products.
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Most of the involved parties were convinced that the product would be more
popular in the new form and they believed so much in it, that they wanted to
try it without involving the consumer but for their luck, a test campaign was
done. An ad with a coupon for the new product was dealt to customers in a
few towns, and they would later be called per telephone and asked how they
liked it. Almost all of them disapproved of the new design. Another design was
proposed and tested, but the advertising parties didn’t think it was worthwhile.
From the few thousand people that got asked how they liked it, 92% gave a
positive answer [Hopkins, 1923].
This shows, that with testing a lot of money can be made and also saved.
Reduce risks by running tests with small controlled groups. In a lot of cases the
consumer knows exactly what he wants and his opinions should be considered
before making big decisions or changes to products.
2.2

placebo vs treatment. testing in medical trials.

In medical trials were always used for development, safety control and efficiency
testing of drugs. They are a way of to collect data for these types of health
interventions.
The subjects (plants, animals, people) that participate in such trials are divided
in a control group (control) and a test group (treatment). By comparing the
results of the two groups, the efficiency of the treatment is examined.
Following designs are applied to avoid biases and false data:
placebo controlled
The subjects in the control group get a placebo, i.e. a drug that has no
effect.
randomized
Each subject either receives either the treatment or the placebo at random.
double blind
Neither the patient knows if they are getting the treatment or placebo, nor
the doctor who is monitoring the trial and treating the patient.
2.3

testing at toyota.

The people at Toyota have made testing and optimizing a core principle of the
way they work. With their production system they have thrived in all areas
including quality, reliability, productivity, cost reduction and other areas [Spear,
2004].
As an example, an american toyota manager had the task to improve the
operation of an US engine plant. Over a course of 6 weeks, 25 changes were
made. From rearranging racks, placement of parts and also placement of machine
controls. All of the changes were done as experiments. The manager at first
observed how something worked. Then he needed to think of how to change
something and would the desired outcome was. This new configuration was
then tested and the desired outcome was compared with the real outcome.

2.4 a/b testing and the web.

This was also the data that got presented to his superior executive. At Toyota
they really wanted to understand why something worked better, not just that it
worked better [Spear, 2004]. The results from these reconfigurations and tests
are shown in figure 2 below.

Before

After

19

15

Cycle time

34 seconds

33 seconds

Total work time/engine

661 seconds

495 seconds

Red processes

7

1

Yellow processes

2

2

Green processes

10

12

~90%

~80%

Productivity
Number of operators

Ergonomics*

Operational availability

*Processes were rated from worst (red) to best (green) on the basis of their ergonomics—a formula that took into account weight
lifted, reaching, twisting, and other risk factors. Copyright © 2004 Harvard Business School Publishing Corp. All rights reserved.

Figure 2: Progress at Toyota engine plant. Significant improvements with 25 changes
over the course of 6 weeks.

There are a some important lessons that can be learned from the way testing
is done at toyota:
1. There is no substitution for observation.
2. Proposed changes should be tried out as experiments.
a) Make an assumption about the problem.
b) What are the expected results?
c) Test.
d) Compare expected results with real results.
3. Do small experiments quick and frequently.
2.4

a/b testing and the web.

A/B Testing is the process of comparing two designs and let users decide
which one is the better by a criterion which is within the bounds of statistical
confidence. This will be explained in detail in a later chapter, but basically
there are two or more groups of designs that get compared to each other and
evaluated as shown in the figure 3 below.
History has shown that testing has always been an essential process to get
better results. Not only was testing used to sell more products, and develop
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100%
Users

50%
Users

50%
Users

Treatment: Existing
System with
Feature X

Control: Existing
Group

Users' Interactions Instrumented,
Analyzed, and Compared

Analyze at the End of the Experiment

Figure 3: A/B Testing Flowchart. Users are split into two groups, control and treatment.
Data is collected and later analyzed with an OEC

2.5 what history teaches us about testing.

better drugs, but also to optimize whole product processes. So now with the
web it is possible to rapidly test new designs and better products in an fast and
iterative way with minimal costs and risk. There is this great opportunity to let
the users decide which design/product is best by just letting them try it out and
then make a decision with the newly collected data.
But tho make such an decision, there needs to be a quantitive measure on how
to evaluate the outcome of such tests or experiments [Crook et al., 2009].This
measure is called the OEC (Overall Evaluation Criterion) and it ultimately
decides which version is the best. When choosing an OEC there are several
things that should be considered but it can be broken down in one sentence:
Consider the long term effects, not just the short term effects. For example if
a new buy button is tested, you shouldn’t just consider the click-through rate
but also other factors like time on site, visit frequency and if the user is buying
more than one product.
Another important tool is the ramping up of the things you want to test. If for
example two designs have to be tested, you want to show one design to 50% of
your users and the other one to the other 50% of your users. But it should be
avoided to do this at once. Instead you should slowly increase the percentage of
users who the new design is shown to. Starting at 0.1%, then 1%, then 5% and
so on until 50% of the user base are reached. This is important so the experiment
can be aborted if the treatment’s OEC is significantly worse than the control
[Kohavi, 2007].
2.5

what history teaches us about testing.

History shows us that testing is a very important part of almost all processes
and can improve most of them. It reduces risks and money spent. Below are
the the things that a lot of the before mentioned examples have in common and
what they tech us about how to tackle the task of testing:
data trumps intuition
Data should always be trusted more that intuitions and opinions. If there
is a way to test a theory or idea, it should almost always be done.
replace opinions with an oec
If a test was executed, the results should be evaluated and quantified with
a strong OEC and not just with opinions or simple measures.
compute the statistics carefully
It should be a principle to always try to eliminate biases and wrong data.
experiment often and iterate
Changes should be small and incremental. Even if a big change would be
a good idea, it’s always safer to do small changes due to unpredictable
behavior of big ones. With small changes rapid iteration is possible.
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D E S I G N V S . D ATA

Plato is my friend – Aristotle is my friend – but my greatest friend is truth.1
—Sir Isaac Newton, Quaestiones Quaedam Philosophicae, c. 1664 [Wikiquote, 2011].
This chapter discusses the issue of Design Vs. Data, or more specifically the
data-driven design paradigm and its usefulness and applicability in the design
of websites. Data-driven design, also known as data-driven development, is
paradigm which stipulates that design decisions should be made on empirical
data and not on personal beliefs or biases. It states that all design choices, no
matter how small, should be backed up by data, statistics, and testing.
Due to this very scientific approach, data-driven design, and in turn A/B
Testing, have been criticized for removing, or at least reducing, the creative
element of design.
This section will discuss the advantages of using A/B Testing to try to improve
a website’s design, while highlighting its limitations and situations where datadriven design may not suitable.
3.1

why use a/b testing

A/B Testing certainly allows the designer to avoid certain pitfalls when making
changes to a website’s design. The following is an inconclusive list of issues that
can detrimentally affect design choices which A/B Testing can help mitigate
against [20bits, 2008]:
everyone is biased
All designers have certain biases that affect designs they create. Some of
these biases may be accurate, others not. A/B Testing ensures only those
designs that genuinely bring an improvement are actually implemented.
there are no “sacred cows”
There are many design paradigms which are considered untouchable and
almost infallible or sacred. These design guidelines are occasionally made
with very little or no data to back up their claims. A/B tests can empirically
test these claims—simply allow the data to drive your design choices. Do
not rely on generic design guidelines that were made long before your
website was even conceived.
universal beliefs are the most dangerous
Those beliefs regarding design that are considered “givens” are the most
dangerous of all, as the designer can believe these to be true without even
realizing it or questioning why. Back up design choices with data and
expel bias.
1 Original: Amicus Plato – amicus Aristoteles – magis amica veritas.
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are you failing or succeeding?
Without data, it can be difficult to tell if you are failing or even if you
are succeeding. It may be possible that a webmaster is pleased with 100
user registrations per month—but without analyzing the data, they have
no way of knowing if this is indeed a good number or percentage. It is
possible that a silly design error is causing a large percentage of users
to never complete the registration process, thus resulting in many lost
registrations or customers.
data trumps intuition
To summarize: believe in the data that you have gathered in order to be
sure of any design changes to your website. As Kohavi is often quoted as
saying, “Data Trumps Intuition” [Kohavi et al., 2007].
Another advantage to using A/B Testing is its simplicity. By using frameworks,
such as the Google Website Optimizer, it is almost trivial to test every aspect
of a design against data. It may be worthwhile to do so simply for the fact that
the web offers the first possibility to perform such control/test experiments in
such an easy way. With little or no disruption to the user, A/B Testing makes it
simple to justify design changes and alterations.
3.2

statistical significance

One crucial aspect when using A/B Testing within a website is to ensure that a
design change’s impact on a chosen metric is statistically significant. In other
words, that the numbers point to a high-confidence winner of a design with
enough confidence so as to make it reasonable to choose this design choice over
another. Figure 4 shows the Google Website Optimizer in use2 . As can be seen,
the software will not report on a winner as neither design has a more statistically
significant number of conversions.
Because most frameworks (discussed in detail in section 5) calculate whether
a design change is statistically significant, it is often not necessary to calculate
this manually. However, calculating the confidence intervals manually is not
difficult and can be estimated using the following formula: acch ± z · StdDev,
where acch is the estimated mean (or click-through rate, conversion) and z is set
to 1.96 for a confidence interval of 95% [Kohavi, 1995, 2007].
By ensuring that data is statistically significant, the designer ensures that
natural fluctuations in visitor demographies do not influence the experiment.
For example, consider a global website that serves Asia as well as Europe and
North America. In Asia, color symbolism is quite different from that in the
Western Hemisphere and running an A/B experiment over a short time period
while visitors from China peak in numbers would result in very different results
than if ran over the course of a few weeks. In China red symbolizes good luck,
prosperity and happiness, while in the West it generally symbolizes danger,
anger, or even importance (a red carpet) [Smashing Magazine, 2010b].

2 http://www.google.com/websiteoptimizer

3.3 limitations

Figure 4: The Google Website Optimizer will not report on a design choice before a
high confidence winner is found.

For this reason also, it is recommended to run tests for all long as necessary,
until a clear winner can be seen. Either use an A/B Testing framework to
calculate statistical significance for you, or make these calculations manually.
3.3

limitations

So far, the advantages of A/B Testing have been discussed and it is clear that it
is a useful tool for fine-tuning a website’s design, or for deciding upon two or
more design choices such as the placement of a graphic or section of a website.
However, it has its limitations that one must bear in mind:
• A/B Testing cannot on its own make a good design, and can only decide
which design option is better. All tested designs could be very bad indeed,
and A/B Testing will only help decide which is the better of a bad bunch.
• It is considered that if every decision is made on data, daring decisions
will not be made [Porter, 2009]. As a startup, you may want to differentiate
from the status quo, and it may well be in your interests to try to stand
out or be noticed. Using A/B Testing to fine tune every last element of
your site is possibly not be the best approach to making a design that gets
a website noticed.
It is very important for anyone about to implemented A/B Testing in their
website that they understand exactly what A/B Testing is meant to achieve. In
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reality, A/B Testing is more about making small incremental changes to a design
rather than an attempt to replace the creative process. This can be seen in the
following diagram [Porter, 2011]:

Figure 5: Incremental changes are possible with data-driven design, but design still
requires creative input in order to begin with.

Figure 5 shows that incremental changes can improve design, but that optimization can only go so far. Designers still need to make bold jumps to reach
the next level of innovative design. What is clear is that a combination of the two
methods is optimum—designers must use their expertise to create interesting
websites, and engineers must tackle the problem of improving these designs using methods such as A/B Testing. Finding the correct balance is key to creating
an experience that users are both happy to use and find aesthetically pleasing.

4

EXAMPLES

This chapter shows some examples and results of A/B Testing in use.
4.1

example 1: msn real estate

The first example is MSN Real Estate. The Overall Evaluation Criterion is in this
case is the revenue to Microsoft generated every time a user clicks. They tested
following the “Find a house” widget variations:

Variation 1

Variation 2

Variation 3
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Variation 4

Variation 5

Variation 6
The widget which performed best was against every expectation and turned out
to be Variation 6. The principle of keep it small and simple should never be
underrated. The revenue increased with this variation by about 9.7% [Kohavi,
2009].
4.2

example 2: msn home page search box

In this example the Overall Evaluation Criterion was the click-through rate for
the search box and the popular searches links.

Variation 1

Variation 2

4.3 example 3: netflix mailer evolution

As can be seen, the differences are that Variation 1 has a taller search box
(however, the overall size is the same) and Variation 2 has magnifying glass
icon, links to some “popular searches” while Variation 2 has large search button
rather than a magnifying glass.
In this case, however, no remarkable differences were found [Kohavi, 2009].
4.3

example 3: netflix mailer evolution

In 2006, CNN reported on the evolution of the Netflix mailer packaging. The
results of user feedback were used to alter and iterate the design over a number
of years in order to create an optimal design for the packaging. This section
describes this evolution.

This above layout is from 1999, is made from cardboard, and weighed more
than an ounce. At the time Netflix only had approximately 100,000 customers
and did not spend much effort thinking about how to reduce material and
shipping costs.

This above layout is from 2000 and made from thick paper instead of cardboard.
Discs are removed and inserted from the top rather than from the side.
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In the same year, they introduced color printing. They changed to side-loading,
which was meant to be more convenient.

The next change occurred in the same year: customers had to peel off a sticker
to get the return address.

They then tried changing to plastic instead of paper. Plastic is cheaper, but
problems occurred when packages would inflate when being transported on
airplanes.

4.3 example 3: netflix mailer evolution

In 2001 they added an air-hole to prevent inflation.

In the same year they returned to paper and added foam paddings to reduce
breakage.

Some weeks later they dropped the padding due to costs. They once again
changed to a top-loading mechanism.

17
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Again, side-loading was reintroduced.

In 2003 they introduced a circular sticker, bonded to the top.

In 2004, Netflix started using the mailer to promote the release of DVDs.

4.4 example 4: amazon’s add-to-cart evolution

In the same year, they added a window that shows the disc barcode.

In 2005 Netflix added one more barcode at the bottom of the envelope. This is
the current mailer and the result of five years of experimentation.
See [CNN, 2006].
4.4

example 4: amazon’s add-to-cart evolution

This example shows the Evolution of the Add-to-Cart button from amazon. The
overall evaluation criterion is the number of orders. Amazon are one of the
evangelists of A/B Testing and have used it extensively in their data-driven
design approach.

The above is an early version of the button. The “(you can always remove it
later)” and the “Shopping with us is safe. Guaranteed.” text can be seen.
Customers were anxious of the button in Amazon’s early years as they thought
that they would instantly buy an item as soon as they clicked the button.

19

20

examples

Therefore, Amazon decided to make the Add-to-Cart button less ambiguous for
its customers.

This was done by replacing the “Buy from Amazon.com” with “Ready to Buy?”
and introduced the “Buy now with 1-Click*” button. This is also the first time
the “Add to Wish List” button appears.

They redesigned the layout and made two stand-alone areas with a noticeable
partition of both areas. They removed the “you can always remove it later” from
the Add-to-Cart button and placed it up to the “Ready to Buy?” area and
changed the text to “you can always cancel later”.

4.5 example 5: amazon’s tabs

The Amazon 2.0 version now has a 3D effect. The “Ready to Buy?” text does
not exist anymore. The “Buy with 1-Click” button appears after login and they
started promoting the A9 search engine.

Above is the current version of the button. They have added a pull-down menu
to adjust the quantity and stopped promoting the A9 search engine [Grok Dot
Com, 2008].
4.5

example 5: amazon’s tabs

Another short example is Amazon’s usage of tabs.
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Over time, more and more tabs appeared for each of their departments, which
resulted in a reduced amount of clicks on to the tabs. This was because the
location of the tabs would change too frequently.

To counter this, Amazon decided to delete most of the buttons. However this
version proved to be relatively minimalistic. Thorough testing ensued to
determine the optimal number of tabs.

The end result was a balance between keeping perspective and covering the
main departments and areas of the store.

5

FRAMEWORKS

This chapter introduces a number of frameworks that can be used to implement
A/B tests into a live website in order to test design iterations. A very good
comparison of many multi-variant tools can be found at http://www.whichmvt.
com, a screenshot of which can be seen in figure 6.

Figure 6: Screenshot of the Which Multivariate website

Other tools are shown and also compared in the table shown in figure 7 in
section 5.1.
• Google Website Optimizer1
• A/Bingo2
• Visual Website Optimizer3
• Kaitzentrack4
• Reedge5
5.1

1
2
3
4
5

comparison of selected frameworks

http://www.google.com/websiteoptimizer/ Accessed: 05 Dec 2011
http://www.bingocardcreator.com/abingo Accessed: 05 Dec 2011
http://visualwebsiteoptimizer.com/ Accessed: 05 Dec 2011
http://www.kaizentrack.com/. Accessed: 05 Dec 2011
http://www.reedge.com/ Accessed: 05 Dec 2011
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A/Bingo

Visual Website Optimizer

Kaitzentrack

Reedge

Comparision of selected frameworks

X

Google Website Optimizer

A/B Test

X

X

X

X

X

Multivariant Test

full factorial
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comparison of selected frameworks

X

X

X

X

X

Multiple Goals

$29/m

$179

$49

Free

Free

Pricing

Self

Self

Self

Self

Self

Support

24

5.1

24
frameworks
frameworks

Figure 7: Framework Comparison

5.2 google website optimizer - screenshots

5.2

google website optimizer - screenshots

Some Screenshots of Google Website Optimizer6 to show how the A/B Testing
works in general.

Figure 8: Google A/B Testing

Figure 9: Google A/B Testing Set-up

6 http://www.google.com/websiteoptimizer/ Accessed: 05 Dec 2011
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Figure 10: Original design - done with Google Website Optimizer

Figure 11: Variation 1 - done with Google Website Optimizer
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