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ABSTRACT

When optimizing webpages in order to achieve the best conversion rate, the traditional approach
istoisolate and analyze them separately through a sequence of experiments. In this paper, we pro-
pose a new framework to study a system of webpages simultaneously through the use of directed
graph, fractional factorial design and simple optimization algorithm. The illustrative example
shows that such complicated web systems can be easily studied and optimized by using the pro-

posed methodology.

1. Introduction

In the information technology age, more business trans-
actions are conducted on the Internet. Webpage has
become an important source of revenue for many com-
panies such as Amazon, Facebook, Walmart and eBay.
How to design the webpages to best serve the interest
of the business owners has now become a hot research
topic in e-commerce (Ash, 2009). The jobs of interest
completed by the visitors to the webpages are called con-
versions. Typical examples of conversions are purchases,
newsletter or membership subscriptions, viewing of a
page, etc. The percent of visitors completed the jobs
of interest is called the conversion rate. A main goal of
studying the webpages design is to maximise the con-
version rate. This is called conversion rate optimisation
(abbreviated as CRO). CRO has been extremely impor-
tant in large IT companies in the last decade. Through
this practice, companies have seen a huge increase in
their profits. Moreover, companies doing CRO for oth-
ers, such as Webtrends and SiteTuners, have grown
rapidly in the last ten years and are now very popular in
the IT industry. Through CRO, they helped the clients
achieve greater business success.

Two methods are commonly used in CRO (Ash,
2009). The first one is called A/B test. As the name indi-
cates, this method compares two versions of a webpage:
the original version and the proposed new version. A
variation of this method is called A/Bn test, where mul-
tiple proposed versions of a webpage are compared with
the original design in one experiment. Hypothesis test-
ing is used to assess the difference and the best version
is chosen as the design of the webpage in the future.
The second method is called multivariate test (abbrevi-
ated as MV'T), where multiple factors, each with two or
more levels, are studied in one experiment. MVT is usu-
ally implemented with fractional factorial designs, and
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models are fitted for the conversion rates with respect
to the factors. The optimisation is done by the standard
method of choosing optimal level settings in design of
experiment and the best combination of factor levels
is used for future webpage design (Montgomery, 2012;
Wu & Hamada, 2009).

A/Bn test is more commonly used in CRO because
it is easy to understand, implement and analyse. When
companies start a web campaign, they usually have dif-
ferent designs for their campaign page. In order to max-
imise the revenues from the campaign, they use the
beginning part of the campaign to do an A/Bn test and
use the best version as the campaign page for the rest
of the campaign. On the other hand, when it comes to
optimising a product page, which consists of multiple
sections such as header, banner, text and pictures, MVT
can be more efficient.

The most commonly studied page with CRO is the
landing page, which is the first page visitors see when
directed from other sources such as search engines or
directly entered web addresses (Ash, 2009). Most land-
ing pages only have the general information of the com-
pany’s products and services, and conversions usually
do not take place here. For example, suppose the visi-
tors want to buy products from the website. Before they
make payments, they usually have to go through the
product description, view the product pictures, check
the product reviews, and enter the payment informa-
tion. With so many other pages involved, studying just
the landing page in order to maximise the conversion
rate may be an oversimplification. The series of pages
the visitors went through until a possible conversion is
called the conversion funnel (Ozolins, 2012), or abbre-
viated as the funnel if there is no ambiguity in the con-
text. In the last example, the conversion funnel consists
of the landing page, the product description page, the
product picture page, the product review page and the
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payment information page. Moreover, conversions may
take place on different pages. For example, the visitors
can subscribe the newsletters on the landing page, the
product page and even on the payment confirmation
page. The pages where conversions can possibly hap-
pen are called conversion points. If the landing page is
studied with respect to only one conversion point, the
results can hardly be conclusive. The set of pages asso-
ciated with the conversion of interest is defined as the
conversion system, or abbreviated as the system if there is
no ambiguity in the context. A conversion system con-
sists of the landing page, all the conversion points, and
all other pages that link between them. For example,
suppose we have three pages: the landing page, page 1
and page 2, and both page 1 and page 2 are conversion
points. Suppose visitors can go from the landing page
to either page 1 or page 2, and also from page 1 to page
2. Then, the conversion system consists of these three
pages, and we referred this example as the toy exam-
ple. This example will be used as the primary illustra-
tive tool of the framework proposed in this paper. In this
example, the landing page and page 1 make a conversion
funnel.

In the next section, we use directed graph to repre-
sent a conversion system and use this graph represen-
tation to identify all the conversion funnels in a system.
A fractional factorial design on all the pages in a sys-
tem is used to conduct the experiment. In section 3, we
propose an analysis strategy to optimize the conversions
in a system and illustrate its application in a toy exam-
ple in section 4. A simulated example is given in section
5. Concluding remarks and future research are given in
section 6.

2. Representation and design

The idea of using directed graph to study the Inter-
net originates from a concept called webgraph (Donato,
Laura, Leonardi, & Millozzi, 2004), where webpages
are viewed as vertices and the linkage relationships
between pages are expressed with directed edges in the
graph. In computer science, the size of the webgraph
being studied is usually very large (over millions), and
researchers are interested in the large-scale properties
such as in/out distributions, connectivity and cyclic pat-
terns. The results are used to identify communities and
hubs, filter spams, rank pages and predict the growth
of the Internet (Donato et al., 2004). In this work, we
use this idea, and represent a conversion system with
directed graph. Here we are most interested in how to
identify all the conversion funnels from the graphical
structure.

The representation is straightforward. All the web-
pages in a conversion system are viewed as vertices of
the graph. If there is a hyperlink on page X referring to
page Y, draw a directed edge from X to Y. For the toy
example, the conversion system consists of three pages:

Y
Vz.

Figure 1. Directed graph representation of the toy example.

the landing page, page 1 and page 2, and we denote these
three vertices as v, v; and v,, respectively. On the land-
ing page, there are links referring to both page 1 and
page 2. Therefore, there are two edges starting at v and
directing to v; and v,, respectively. We denote them as
e; and e, correspondingly. Furthermore, there is a link
on page 1 referring to page 2. Draw another edge from
v to v, denoted by e;. There are no more links in this
conversion system, so the toy example is represented by
the following graph in Figure 1. The conversion points
are marked in solid dots in contrast to others.

After representing the conversion system as a
directed graph, the next step is to identify all the con-
version funnels. By definition, a conversion funnel is a
series of pages that a visitor has gone through before
making a possible conversion. Since visitors always start
with the landing page, and make conversions on the
conversion points, in the graph, a conversion funnel
is a path from the landing page to a conversion point.
To identify all the conversion funnels in the system
amounts to finding all the paths connecting the land-
ing page and all the conversion points. In the toy exam-
ple, page 1 and page 2 are both conversion points. For
page 2, there are two paths connecting it to the landing
page: vy, via e; to v; then via e; to v, and vy, via e, to v,.
These two conversion funnels are referred as CF; and
CF,. For page 1, there is only one path connecting it to
the landing page: vy, via e; to v;. This conversion funnel
is referred to as CF3. Since there are no more conversion
points in this system, the toy example has three different
conversion funnels.

Before this work, some researchers have realised the
concept of conversion funnels and have done experi-
ments using this concept (Qualaroo, 2014). However,
they used one-page-at-a-time method, and studied the
pages in a funnel sequentially. Note that, even for a
small conversion system like the toy example, there
are already three different conversion funnels. The old
method is extremely time-consuming and ignores any
interactions between different pages. In this work, we
study the conversion system as a whole and design one
experiment for all the pages involved.



Since there are multiple pages involved in the exper-
iment, A/Bn test will be inefficient. How about the
MVT? In MVT, the first step is to identify the factors
being studied. Since this experiment considers all the
pages in the conversion system at one time, the set of
factors consists of the factors from all the pages. For
example, in the toy example, suppose each page has two
factors to be studied: A and B from the landing page, C
and D from page 1 and E and F from page 2. The factors
being studied in this experiment are A, B, C, D, Eand E.
After identifyg the correct set of factors, the next step is
to construct a fractional factorial design for them. For
details on the choice of designs, the reader may refer the
book by Wu and Hamada (2009).

For ease of implementation, we assume each factor
has two levels. In this case, a 2~? design is used, where
k factors are being studied, each at two levels denoted
by + and —. It is the p~! faction of the 2* full facto-
rial design. In some other cases, mixed-level designs are
also used.

The conversion data are collected as binary
responses: 1 means conversion made and 0 means
no conversion. The conversions for each funnel are
recorded sepately for ease of analysis. Take the toy
example, if a conversion is made page 2, and the visitor
comes directly from the landing page, this conversion
is recorded as data with CF,.

3. Analysis

Define the total conversion rate as the weighted sum of
the conversion rates of all the conversion funnels in the
system, where the weights reflect the importance of the
funnels to the business owners. For example, in study-
ing the sales of shoes, the weights can be the price of
shoes in different funnels. When considering the sub-
scription rate of the newsletters, the weights can be set
to be equal. The goal is then to maximize the total con-
version rate.

Take the toy example for illustration. We have 8 fac-
tors to be analyzed: A through F plus E’ and F’ for the
additional variant of page 2 in the conversion funnel
2. The reason to add E’ and F is that the optimal set-
tings for page 2 under conversion funnel 1 may not
be optimal for conversion funnel 2. Suppose you want
to design a three-page conversion system to maximize
the membership subscriptions. For simplicity, assume
this system is the same as in the toy example. Then, let
us check which page(s) can have multiple versions and
why. The landing page appears in all three conversion
funnels, but the visitors have to start with the landing
page, so all three funnels share the same version of the
landing page. Page 1 appears in CF; and CF3, but visi-
tors are always directed from the landing page to page
1. Therefore, page 1’s in the two funnels are the same.
Page 2 appears in CF; and CF,, but before page 2, vis-
itors have viewed different pages for these two funnels:

STATISTICAL THEORY AND RELATED FIELDS e 5

for CF;, visitors have viewed the landing page as well
as page 1 before page 2, whereas for CF,, visitors have
only viewed the landing page before page 2. Since page
1 is not in CF,, visitors in the two funnels have been
exposed to different information before page 2. There-
fore, page 2’s in CF; and CF, can have different versions.
This can be explained with the following example. Sup-
pose page 1 shows the benefits of the membership and
page 2 shows the price in the original design. Normal
visitors check the benefits and compare them with the
price on page 2 and determine whether to subscribe the
membership. If the visitor does not care about price,
she/he may subscribe after viewing the benefits, and if
the visitor is eager to know the price, she/he may jump
to page 2 directly from the landing page. For the last
visitor, she/he does not have the information about the
benefits; the decisions made might be biased. Suppose
the membership price is high, but also offers great bene-
fits whose monetary value may exceed the cost. For nor-
mal visitors, after comparing the cost with benefits, they
are likely to pay for the membership price. But for visi-
tors that have skipped the benefits page, just by looking
at the price, they might think it is too high and decide
not to go for it. These two decisions are made with dif-
ferent amounts of information, and the second one is
biased. With the concept of the conversion funnel, it is
immediately noticed that these two decisions are made
on two different funnels. In order to correct the second
situation, we simply show the visitors another version
of page 2, which has the benefits as well as the price of
the membership, if they come directly from the landing
page.

The idea of the analysis is to study the conversion
rate of a specific conversion funnel instead of specific
pages, since a page can be related to multiple conversion
funnels. For example, in the toy example, page 2 is the
conversion point for CFy, but it is also the conversion
point for CF,. For each conversion funnel, we identify
its related factors from its constitution of web pages. As
in the toy example, CF is related to page 1 and 2, so the
model for CF; would have A, B, C and D as the candi-
date factors. Similarly, we can identify the candidate fac-
tors for CF, and CFj;. After all the candidate factors are
identified for all conversion funnels, we can then build
linear models individually for each of them. For infor-
mation on the analysis of fractional factorial design, the
readers can review the book by Wu and Hamada (2009).

The total conversion rate is obtained through a lin-
ear combination of the conversion rates for individual
conversion funnels. The optimization is then done with
respect to the 8 factors including E' and F’ as discussed
in the previous paragraphs.

4. lllustration of analysis with the toy example

In this section, we use the toy example and simulate a set
of data to illustrate the analysis strategy. Recall that the
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Table 1. Design
example.

matrix, toy

1
1 I I
I T =1

—1 1 T -1

T -1 =1 I

=1 1 T -1 =1 -
—1 I 1 I

-1 - 1 1 I

-1 -1 =1 -1 -1

conversion system in the toy example consists of three
pages: the landing page, page 1 and page 2, and there are
three conversion funnels in the system: CF;, CF, and
CF;. Note that we suppose each page has two factors
to be studied, so a 2672 design is used for the simula-
tion, where each row of the design matrix represents
a version of the conversion system. The design matrix
is given in Table 1, whose defining relations are I =
ABCE = BCDF = ADEE.

For each simulation, we first choose a version of the
conversion system from the 16 candidates in the design
table with equal probability, and then simulate the visi-
tors’ behaviour in the chosen system. The visitor always
starts with the landing page, and she/he then have three
choices: go to page 1, go to page 2 or leave the system.
The first step is to simulate the decision on the land-
ing page. Suppose the visitor goes to page 1 or page 2
with probabilities #; or t,, respectively, where t; and ¢,
are functions of the factors related to the landing page,
i.e., A and B. All the functions of decision probabilities
used in this simulation are listed in Table 2. The deci-
sions are made sequentially. First, we determine if the
visitor goes to page 1. If she/he does not go to page 1,
then we check if she/he goes to page 2. If the choice of
the second one is still negative, she/he leaves the system.
So to be specific, t, is the probability of the visitor going
to page 2 given that she/he does not go to page 1. If the
visitor chooses to go to page 1, then on page 1, there
are still three choices: make a conversion, go to page 2
or leave. We then simulate his/her decision on page 1.
Suppose she/he makes a conversion with probability ¢;,
If she/he does not make a conversion, then goes to page

Table 2. Functions for decision probabilities.

t, = 025—0.1A

t, = 0.42 + 0.21B

f, = 0.1 + 0.08A — 0.3D + 0.1AD

¢, = 0.38 — 0.05B + 0.12C + 0.088D

¢, = 0.07 + 0.2E + 0.07AE

¢; = 0.15 + 0.06D — 0.1F + 0.02AD + 0.01CF

2 with probability #;. If the decisions are both negative,
she/he leave the system. Note that, although the choices
are made on page 1, the two probabilities c; and ¢; are
functions of factors related to both the landing page and
page 1, ie., A, B, C and D, because it is believed that
the information on the landing page will affect the visi-
tors’ behaviour thereafter. Finally, for visitors who land
on page 2, there are two types: they come directly from
the landing page, or have visited page 1. This represents
the two conversion funnels CF, and CF, respectively.
Since page 2 has no link referring to others, the choices
are whether to make conversions. The decisions are
made as follows. If the visitor comes via CF,, she/he
converts with probability ¢,; otherwise, convert with
probability c¢;. Note that CF, consists of two pages.
Therefore, ¢, is a function of the factors related to those
two pages, i.e., A, B, E and F. Similarly, c; is a function of
factors A, B, C, D, E and E. Each simulation terminates
when the visitor either makes a conversion or leaves the
system. We ran 10,000 simulations, and recorded the
conversions of each funnel separately. The conversion
rates are given in Table 3.

For simplicity, assume all the conversion funnels
have equal weights in the toy example. Denote the total
conversion rate as CRy, and the conversion rates for
CF,, CF; and CF; as CR,, CR; and CR; respectively. The
objective function for optimisation can be written as

CRy = CR; + CR; + CRs.

Then we build models for CR;, CR, and CR; sepa-
rately. Recall that the first step in modelling the conver-
sion rate of a funnel is to identify the related factors. For
CRy, since CF; consists of three pages, the landing page,
page 1 and page 2, the factors considered in this model
are A, B, C, D, E, and E Similarly, for CR, and CR3, the
factors considered are A, B, E and F and A, B, C and D,
respectively.

The model building is then straightforward. For CR,,
it is a function of all the six factors. The corresponding
design matrix and responses considered in this model

Table 3. Conversion rates for different funnels, toy

example.
CF1 CF2 CF3
0.00000000 0.16349206 0.08730159
0.00960000 0.16960000 0.05440000
0.00000000 0.00000000 0.05546218
0.00000000 0.00000000 0.02073365
0.00000000 0.00000000 0.06833333
0.00000000 0.00000000 0.10194175
0.00000000 0.06718750 0.03593750
0.01093750 0.06406250 0.07812500
0.00000000 0.00000000 0.14803150
0.02044025 0.00000000 0.12421384
0.00000000 0.07833333 0.09166667
0.00000000 0.08258258 0.05255255
0.00000000 0.02508361 0.16722408
0.00000000 0.03475513 0.21169036
0.00000000 0.00000000 0.07954545
0.01716069 0.00000000 0.14820593




Table 4. Design matrix and response data, con-
version rates for CF;.

A B C D E F CR,

0.00000000
0.00960000
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.01093750

0.00000000
0.02044025
0.00000000
0.00000000
0.00000000
0.00000000
0.00000000
0.01716069

are shown in Table 4. The first step of modelling is to
make a half-normal plot to identify significant effects.
In Figure 2, it is clearly seen that main effects F and
D and two-factor interaction (abbreviated as 2fi there-
after) AE are the most significant. Because these three
terms have the same magnitude, we denote them as
group 1. They are followed by main effects E and A and
2fi's AF and D, whose magnitudes are the same, and
denoted as group 2. The other effects are not significant.
Therefore, the model for CR; has seven terms. The R?
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value for this model is 99.12% and the p values for the
significant effects in group 1 and group 2 are 1.91e—7,
and 0.00133, respectively. The explicit expression of the
model is

CR; = 0.00336337 — 0.00336337F — 0.00336337D
—0.0010665E — 0.0010665A 4 0.00336337AE
+0.0010665AF + 0.0010665AD. (1)

For CR;, the corresponding funnel consists of two
pages: the landing page and page 2. Therefore, only
factors A, B, E and F are considered. The correspond-
ing design matrix and responses used in this model
are shown in Table 5. We start the analysis by draw-
ing a half-normal plot to identify significant effects. In
Figure 3, it is clearly seen that the main effect E is the
most significant. It is followed by B and BE, and then
A and AE. The other effects are not significant. There-
fore, the model for CR, has five terms. The R? value
for this model is 97.28% and the p values for the sig-
nificant effects are 4.11e—38, 6.71e—5, 6.71e—5,0.0377%
and 0.0377%, respectively. The explicit model is written
below:

CR, = 0.042819 + 0.042819E + 0.018932B
4 0.015224A 4 0.018932BE 4 0.015224AE.
()

absolute effects

oo

AE

0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014

| |
1.0 1.5

half-normal quantiles

Figure 2. Half-normal plot, conversion rate for CF,.
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Figure 3. Half-normal plot, conversion rate for CF,.
Table 5. Design matrix and response data, conversion Table 6. Design matrix and response data, conversion
rates for CF,. rates for CF;.
A B E F CR, A B C D CR,
1 1 1 1 016349206 1 1 1 1 0.08730159
1 1 1 -1 0.16960000 1 1 1 ~1 0.05440000
1 1 -1 -1 0.00000000 1 1 -1 1 0.05546218
1 1 -1 1 0.00000000 1 1 -1 —1 0.02073365
1 -1 -1 -1 0.00000000 1 -1 1 1 0.06833333
1 —1 -1 1 0.00000000 1 —1 1 -1 0.10194175
1 -1 1 1 0.06718750 1 -1 -1 1 0.03593750
1 -1 1 —1 0.06406250 1 -1 -1 —1 0.07812500
-1 1 —1 1 0.00000000 -1 1 1 1 0.14803150
—1 1 -1 —1 0.00000000 -1 1 1 —1 0.12421384
—1 1 1 —1 0.07833333 -1 1 -1 1 0.09166667
~1 1 1 1 0.08258258 -1 1 -1 ~1 0.05255255
~1 -1 1 —1 0.02508361 -1 -1 1 1 016722408
—1 -1 1 1 0.03475513 -1 -1 1 —1 0.21169036
~1 -1 -1 1 0.00000000 -1 -1 -1 1 0.07954545
~1 -1 -1 —1 0.00000000 -1 -1 -1 —1 014820593

Finally, for CR;, the corresponding conversion fun-  effec are 1.23e—7, 1.16e—6, 7.72e—6, 4.47e—5, 1.51%
nel CF; consists of two pages: the landing page and page  and 6.42%, respectively. The explict model expression
1. Therefore, factors A, B, C and D should be consid- is given below:
ered. The corresponding design matrix and responses

used in this model are shown in Table 6. We again start CR3 = 0.095335 — 0.032556A + 0.025057C
the analysis by drawing a half-normal plot to identify —0.01604B + 0.19968BD
significant effects. In Figure 4, it is seen that the main — 0.009842AC + 0.007735AB. (3)

effect A is the most significant. It is followed by C, BD, B,
AC and AB. The other effects are not significant. There-
fore, the model for CR; has six terms. The R* value Recall that page 2 appears in both CF; and CF, and
for this model is 98.3% and the p values for significant ~ can have two different versions. Replace the factors E
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Figure 4. Half-normal plot, conversion rate for CF,.

and F in (2) with E" and F/, respectively. Now, put all
three models together, we have the total conversion rate
expressed as a function of all the eight factors:

CRr = 0.1415174 — 0.0183985A 4 0.002892B
+0.025057C — 0.0036337D — 0.0010665E
—0.0036337F + 0.042819E + 0.007735AB
—0.009842AC + 0.0010665AD
+0.0036337AE + 0.0010665AF+0.015224AF/
+0.019968BD + 0.018932BE'.

To maximise CRr, we find the optimal level settings
of the eight factors. By checking all the possible com-
binations of the eight factors, it is seen that by setting
A, Eand Fto —, and B, C, D and E’ to 4+, we have the
maximal expected conversion rate of this system, which
is 26.12%. Because F’ does not appear in any significant
terms, we can choose either setting according to other
considerations.

Since the objective of this methodology is to max-
imize the overall conversion rate, one might suggest
using the overall conversion rate as the response and
fitting the model with all available factors. In the begin-
ning, this approach may seem simple and obvious with
only a few webpages. However, as the size of the web
system increases, the number of factors can grow expo-
nentially. Fitting a model with so many variables may be

infeasible. Instead, if we study each conversion funnel
separately, the difficulty of model fitting within the con-
version funnel can be well managed. On the other hand,
this bottom-up approach gives the user more flexibil-
ity: would the weight for the conversion funnel changes
per user perception changes, the proposed method can
easily be adapted to this situation by changing the cor-
responding weight in the total conversion rate formula
instead of fitting a new model. In addition, the user may
also gain a deeper understanding of each of the conver-
sion funnels: the user would be able to identify factors
that could affect a particular conversion funnel the most
and study deeper into those factors for this conversion
funnel if needed.

5. Simulated example

In this section, we will demonstrate the idea of funnel
testing with a more complicated example. Consider a
conversion system that consists of six pages. The first
page is the landing page (vr). All customers start visit-
ing the conversion system with this page. The second
page is the individual page (v;). It is the page showing
information for individual customers. The third page
is the business page (vp). It is the page showing infor-
mation for business customers. There are three more
pages, called Product 1 page (v,), Product 2 page (v3)
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Figure 5. Directed graph representation of the simulated exam-
ple.

and Product 3 page (v3) respectively, for customers to
make conversions for three different kinds of products.
Thelinkage relationship between pages can be describes
as follows. The customers always start with the land-
ing page, where they have three choices: go to individ-
ual page, go to business page, or leave the system. If the
customer goes to individual page, she/he then has three
choices: go to Product 1 page, go to Product 2 page,
or leave the system. Similarly, if the customer goes to
business page, she/he then also has three choices: go
to Product 3 page, go to Product 2 page, or leave the
system. Customers can convert on any of the Product
pages, or leave the system. For customers on Product 1
page or Product 3 page, they have one more choice to
go to Product 2 page.

We start our analysis by representing this
conversion system with the directed graph in
Figure 5. The six pages are viewed as six vertices
VL, VI, VB, Vi, V2, andvj, respectively, and the
linkage relationships are viewed as eight directed edges
denoted by ej,...,es. vi, v;andv; are marked in
solid dots in contrast to others, meaning that they are
conversion points.

The next step is to identify all the conversion fun-
nels from the directed graph representation. By defi-
nition, a conversion funnel is a path from the landing
page to a conversion point. For the conversion point
vy, only the path v — v; — v; connects vy, to it. We
denote this conversion funnel by CF,. Similarly, only
one path v — vg — v; connects v to vs, which is
denoted by CFs. For the last conversion point v,, there
are four paths connecting vy, to it: vi, — vi — v, v, —
VB —> V3, VI = Vi = V] —> Vy, and vi, — vg —> V3 —
v, which are represented by CF,;, CFpp, CF;; and CFp3,
respectively.

Suppose each page has two factors to be investigated
(A and B for the landing page, C and D for individ-
ual page, E and F for business page, G and H for Prod-
uct 1 page, I and ] for Product 2 page, and K and L
for Product 3 page), and each factor has two levels. A
2;7¢ design is used for the experiment. The design
matrix is shown in Table 7. The defining relations of this
design is I = ABCG = ABDH = ACDEI = ACDFJ =

ABEFK = BCEDEFL. Each row of the matrix represents
a version of the conversion system to be studied.

Take the landing page and its corresponding factors
A and B for example. Factor A may represent the choice
of the header, which has two candidates with version 1
denoted by level + and version 2 denoted by —. Sim-
ilarly, B can be the choice of the main picture on the
landing page, with + being version 1 and — being ver-
sion 2. Other factors of other pages can be interpreted
similarly. In general, each factor represents one element
of its corresponding page that we want to investigate. In
this example, each element has two candidate versions
and we want to decide which one is better. As discussed
in Section 1, elements can be headers, banners, texts,
pictures, etc.

The experiment is done by simulations. For each
simulation, we first choose a version of the conver-
sion system from the 64 candidates in the design table
with equal probability, and then simulate customers’
behaviour in the chosen system. The customers always
start with the landing page. Recall that, on the land-
ing page, they have three choices: go to individual page,
go to business page, or leave the system. We simulate
their decisions in the following way: they go to individ-
ual page with probability t1;, where t; represents the
transition probability from the landing page to indi-
vidual page; they go to business page with probability
trp. If the simulated decisions of the above two state-
ments are both negative, customers leave the system.
If the simulated decisions are both positive for the two
statements, the customers go to either page with equal
probability. For customers on individual page, we sim-
ulate their decisions among the three choices in a sim-
ilar way: they go to Product 1 page with probability f;,
and go to Product 2 page with probability #;,. Similarly,
for customers on business page, we suppose they go to
Product 3 page with probability tz3, and go to Prod-
uct 2 page with probability tp,. For customers on either
Product 1 page or Product 3 page, they make conver-
sions with probability ¢; or ¢, respectively. If they do
not make conversions, they can further go to Product 2
page with probability t, or t3, respectively. Otherwise,
they leave the system. Finally, for customers on Prod-
uct 2 page, they can either make conversions or leave
the system. The probabilities for them to make conver-
sions are cp;, Cp, €21, and cy3, respectively, depend-
ing on the conversion funnels they are from. The sim-
ulation is terminated when the customers leave the sys-
tem or a conversion is made. All the decision probabil-
ities used in the simulations are listed in Table 8. If the
calculated probabilities are less than zero, we suppose
they are zero in the simulation. The choice of the deci-
sion probabilities is somewhat arbitrary but with the
following rationalisation. Take #;; for example, we have
tir = 0.5+ 0.1A, which is a function of the main effect
A of the landing page. According to the assumption,
A has two levels denoted by + and —. Therefore, the
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Table 7. Design matrix, simulated example.

Run

-1

10

n

12
13
14
15
16
17
18
19
20
21

22
23

24
25

26
27

28
29

30
31

32

33
34

35

36
37

38
39
40

41

4

43

44
45

46

47

48

49

50
51

52
53

54
55

56
57

58 -1 -1 -
59

60
61

62

63

64

from individual page, and G and H are from Product

transition probability from the landing page to individ-

1 page. Note that t;, is the transition probability from
Product 1 page to Product 2 page, which is part of CF,;.

0.5 + 0.1) if factor A is set to level +,

and 0.4 (= 0.5 — 0.1) if A is set to —. Similarly, for 5,
we have t;; = 0.05 — 0.05DH + 0.05C — 0.05AG. It is

a function of the main effect C and 2fi’s DH and AG,
which involves five factors A, C, D, G and H. Among

ual page is 0.6 (

Recall that CF,; is the path vy, — vi — v; — v,. Before

making this decision, customers have gone through the
landing page, individual page and Product 1 page along
the path. Therefore, it is assumed that only factors on

the five factors, A is from the landing page, C and D are



2 H.SU AND C.F.J. WU

Table 8. Functions for decision probabilities. Table 9. Conversion rates for different funnels, simulated
t, = 05 + 0.1A example.
t,= 02—0.1B
t, = 0.1 0.1A — 0.C + 0.1BC Run R, CRy CRa R CRn Ry
fp = 0.05D — 0.05AD 1 001559 000073 0 0 0 0
ty; = O.1 r+ o_.1EO—1Ao.1FO+“(\)é1C — 0.1EF 5 001608 0 0 0 0 0
B2 — AT 3 0.010784 0 0 0.002698 0 0
fp = 005~ 0.05DH +0.05¢ ~0.05AG 4 0001 000253 0 0 0o 0
Ct3_2 on 071G - 01CG 5 0011635 0002146 0 0 0 0
.= 0. G —0.
= 01 5 0 DI 0058k 005 N
¢y = 0.1 4 0.1 — 0.1 — 0.1CJ + 0.1B 8 00203 000133 0 0 0 0
Cg = 0.1 + 0.1J — 0.1J 4+ 0.05E — 0.05A) 9 0 0 0 0 0 0
Cy = 0.051 — 0.05DJ + 0.05H + 0.05C! 10 0 0002268 0 0 0 0
= — 0.05E — 0.05FK 4 0.11J ’
€ = 0.05)-0. : : 0 0 0 0.001311 0 0
2 0 0 0 0 0 0
13 0 0 0 0 0 0
14 0 0 0 0 0 0
15 0 0 0 0.002778 0 0
these three pages can affect this decision. The 2fi DH in 16 0 0 0 0 0 0
. e 17 0 0001971 0 0 0 0
t1 can be interpreted as follows: factor D o'n .1nd1V1dual 18 0 0030319 0 0 0 0
page and factor H on Product 1 page will jointly affect 19 0 0 0 0.008195 0 0
the customers’ decision as whether to go to Product 2 §$ 8 g 8 g 8 g
page from Product 1 page. Other 2fi’s in Table 8 can be 2 0 0010542 0 0 0 0
interpreted similarly. By changing the level settings of gz 8 gggzy g g~003858 g g
the five factors, t;, can be as high as 0.2 or as low as 0. 25 0050645 0O 0 0 0 0
We repeat the simulation for 10,000,000 times and 26 0062159 0.006101 0 0 0 0
4 th . f hof ) | 27 00621 0 0 0.003884 0 0
record the conversions for each funnel separately. 2% 0060896 0 0 0 0 0
The calculated conversion rates are given in Table 9. 29 006177 0 0 0 0 0
. . 30 0061716  0.018862 0 0 0 0
Note. that CF,; and CF,3; both have no conversions in 3 0.06134 0 0 0.008334 0 0
the simulated results. 32 0061483 0 0 0 0 0
: : 33 0 0 0.004004 0 0 0
The total conversion rate is assumed to be % 0 0003807 0 0 0 0
3% 0 0003262  0.018645 0 0 0
36 0 0 0.003678 0 0 0
CR7 = 2CR; + 2CR3 4+ CRy1 + CRyp + CRy; + CRy3. 37 0 0.000699 0 0 0 0
3 0 0012743 0 0 0 0
39 0 0.001638 0 0 0 0
. . 40 0 0 0 0 0 0
We model the conversion rate for eacl.l conversion g 0 0010877 0 0 0
funnel separately. Recall that the first step in modelling 2 0 00072 001838 0 0 0
the conversion rate is to identify its related factors. For ﬁ g 8 8 g 8 g
CR;, it is the conversion rate for CF;, which consists 45 0 0 0 0 0 0
of three pages: the landing page, individual page and 2‘? 8 8~°024°3 g g 8 g
Product 1 page. Therefore, the six factors (A, B, C, D, 8 0 0 0 0 0 0
G and H) related to these three pages are considered in 43 g 880270528 8-010615 g 8 g
. .. 5 01245

modelling CR;. Similarly, we can find the related fac- 5 0 0 001037 0 0 0
tors for other conversion rates, all of which are listed in 52 0 0 0 0 0 0
53 0 0.002347 0 0 0 0
Table 10. . ' o a0 0 0 0 0 0
The model for each conversion rate is then built with 5 0 0.005054 0 0 0 0
. : : ) 56 0 0005172 0 0 0 0
r'espect to 1.ts related fac'tors listed in Table 10. We con p o 0007 0 0 0
sider the linear regression model with only the main 58 0 0 0.002895 0 0 0
effects and 2fi’s and use the same method as in the toy 22 0 0 0.00266 0 0 0
. : 60 0 0 0.002505 0 0 0
example. The fitted model for each conversion rate is 61 0 0 0 0 0 0
shown in Table 11. CR,; and CR,; are both zero because 62 0 0.007343 0 0 0 0
) ) 63 0 0 0 0 0 0
CF,; and CF,3 have no conversions for all 64 versions of 62 0 0 0 0 0 0

the conversion system in the simulated results.

In theory, Product 2 page can have four different ver- Table 10. Conversion rates and related fac-

sions, which would give us six more factors I’, J', 1", tors, simulated example.
J”, 1”7 and J'” in the optimisation procedure. This is
. . CR, ABCDGH
because v, appears in four different funnels, and the CR ABEFKL
. 3
pages before v, are different for each funnel. How- CR,, ABCDIJ
ever, the factors related to v, do not appear in any of ggﬂi ﬁggglé i
. . . 21
the models in Table 11. Therefore, such consideration CR ABEFIJKL

becomes unnecessary. Finally, by putting the functions
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Table 11. Fitted models for each conversion rate, simulated example.

CR, = 0.0091 + 0.0091A — 0.0062B — 0.0062C — 0.0091G — 0.0062AB — 0.0062AC + 0.0091AG
CR, = 0.0025 + 0.0017E — 0.0016F + 0.0013K — 0.0016EF — 0.0016FL

CR,, = 0.0013 — 0.0013A + 0.0013D — 0.0013AD

CR,z = 0.0005 + 0.0005A — 0.0005E + 0.0005F — 0.0005AE + 0.0005AF — 0.0005EF

CRy =0
CRy =0

in Table 11 together, we have the model for the total con-
version rate to be

CRr = 0.025 4 0.0174A — 0.0124B
—0.0124C 4 0.0013D + 0.0029E
—0.0027F — 0.0182G + 0.0026K
—0.0124AB — 0.0124AC — 0.0013AD
— 0.0005AE + 0.0005AF 4 0.0182AG
— 0.0037EF — 0.0032FL.

To maximise CRr, we try all possible combinations
of the nine factors involved in the above model. The
maximal CRr value is achieved by setting A, E, K and
L to 4, and B, C and F to —. The level settings of D and
G do not affect the value of CRy if the remaining seven
factors are chosen as above. The other three factors that
do not appear in the above model can be set based on
other considerations.

6. Concluding remarks

In this work, we propose a new framework and
approach to analyse a system of pages that relate to the
conversion of interest based on the concept of conver-
sion funnels. Directed graph is used to represent the sys-
tem and identify all the conversion funnels. Fractional
factorial design is used to conduct the experiment. An
analysis strategy consists of modelling the conversion
rate of each funnel separately and putting them together
in the total conversion rate to do optimisation.

So far the analysis strategy is developed in the con-
text of a specific example. But the underlying ideas are
general. It is our plan to further develop this framework
into a general methodology.

Though the general idea of this methodology may
seem intuitive and straightforward as illustrated by the
examples provided, its implementation can be challeng-
ing as the size of the web system increases. For example,
suppose the number of webpages to be studied is now
20, which is quite typical for a real world web system,
and suppose each page has only 2 factors, each with 2
levels, and that there are only 20 conversion funnels in
this system. There are two immediate challenges facing
the user: how to find a feasible design and how to opti-
mise the overall conversion rate. In this case, the total
number of factors need to be included in the design
is 40 and the total number of factors need to be con-
sidered in the optimisation can easily reach hundreds
due to the complex structure of the conversion funnels

and that some of the factors will need to have multi-
ple versions as they would appear in different conver-
sion funnels. For the design problem, it is not easy to
find a 2-level fractional factorial design with 20 fac-
tors that is good according to the maximum resolu-
tion or minimum aberration criterion and whose run
size is feasible for web system experimenters. There-
fore, one might need to consider nonregular designs
such as the Plackett-Burman designs or other orthogo-
nal arrays. See the book by Wu and Hamada (2009) for
details. In fact, since there are only limited numbers of
interactions that may be important to the users, we can
also use designs with relatively low resolution but has a
few clear 2fi’s to study the web system. For the second
challenge, as the number of factors in the optimisation
problem increases, exhaustive search might be infeasi-
ble so the user might want to try some other optimisa-
tion algorithms such as response surface or even integer
programing. This problem becomes more daunting if
the factors can have different numbers of levels because
there is only a small dictionary of mixed-level orthogo-
nal arrays with a large number of factors.
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