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(57) Abstract: Certain embodiments

of the present invention are directed
to test-duration estimation. A time
needed to run an automated web-
page test, or the remaining time
needed to complete the automated
web-page test, is estimated by esti-
mating a sample size needed to en-
sure that observed differences in
conversion rates are attributable,
with a specified statistical signifi-
cance, to selecting particular factor
levels for particular factors that are
varied during the automated testing.
The estimated sample size is then di-
vided by an average web-page access
rate to obtain the remaining testing
time to achieve a specified signifi-
cance level.
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METHOD AND SYSTEM FOR TEST-DURATION ESTIMATION

~ CROSS-REFERENCE TO RELATED APPLICAION

This application claims the benefit of Provisional Application No.
61/300,716, filed February 2, 2010.

TECHNICAL FIELD

The present invention is related to automated testing and analysis, in
particular, to a method and system for estimating the time needed for carrying out or

for completing a test.

BACKGROUND

Methods have been developed for automated testing of web pages,
web sites, and other types of information displayed to user on display devices of
computer systems and other electronic devices and systems. In many cases, a test
administrator my wish to know how long the test will take to run in order to achieve a
specified significance level. A test-duration estimation may assist the test
administrator or automated-testing-system user to choose a test design that best
satisfies business requirements and that best manages the resources necessary to
complete the test. Usually the test duration estimate is based on user-supplied
information regarding a control-conversion rate. As an automated test is executed
and morc data is received, it could be inferred that a test duration cstimate could be
made with greater accuracy to facilitate decisions regarding when to terminatc the
test. Stopping a test run too early may result in a subsequent analysis of test data
giving incorrect results. On the other hand, running a test longer than necessary fora
pre-specified significance level unnecessarily consumes resources and delays

implementation of improvements indicated by results of the test.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides a context for discussion of automated testing.
Figure 2 shows a simple, exemplary web page.
Figure 3 shows the contents of an HTML file that encodes the
5 exemplary web page shown in Figure 2 and that includes simple modifications to
facilitate automated testing.
Figure 4 provides a tree-like representation of the contents of the
exemplary HTML file shown in Figure 3. A
Figure 5 illustrates a simple web site comprising seven web pages.
10 Figures' 6-7 illustrate factors, factor levels, and test design.
Figure 8 illustrates the concept of segments in testing of web pages.
Figure 9 illustrates the data and data structures that define tests, test

runs, and experiments.
Figure 10 illustrates the nature of the statistics, or test results, that are

15 collected for a particular test run.
Figure 11 illustrates an automated testing environment.
Figures 12A-H illustrate a general method and system for web-site

testing.
Figures 13A-H provide control-flow diagrams for a web-site testing

20 service.
Figure 14 shows the HTML modifications used to virtually

incorporate a testing service.

Figure 15 provides an exemplary script library downloaded service.

Figure 16 illustrates a full combinatorial experimental design for a
25 four-factor experiment.

Figure 17 illustrates an orthogonal array that can bc used as the
experiment design for the above-discussed four 3-level factor experiment, a full
combinatorial experiment design for which is shown in Figure 1.

Figure 18 illustrates analysis of experimental results produced by an

30 orthogonal-array experiment design.
Figure 19 illustrates a number of orthogonal arrays.
Figure 20 illustrates the concept. of interaction bectween experiment-

design factors.
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Figure 21 illustrates a first example of the usc of test run-time
estimates to facilitate automated testing according to one embodiment of the present
invention.

Figure 22 shows a run-time administrative page that displays
information about an on-going automated test, according to one embodiment of the
present invention.

Figure 23 shows an example of an automated-test plan or design.

Figure 24 illustrates, in general, feature-level and first-order feature-
level-interaction effect estimation over the course of automated testing based on a

particular test design, according to one embodiment of the present invention.

DETAILED DESCRIPTION

Certain embodiments of the present invention are directed to test-
duration estimation. The present invention is described, below, in two main sections:
(1) a first section that provides a background for automated testing systems in which
embodiments of the present invention are inborporated; and (2) a second scction that
discusses embodiments of the present invention. The first section can be skipped by
readers familiar with automated web-site testing and orthogonal-array-based

experiment design.

Automated Testing

There are many different types of web sites and web-site servers that
can be tested. In the following discussion, a generalized web site is tested by a
described automated testing system that can incorporate an embodiment of the
present invention. Figure 1 provides a context for discussion of automated testing. In
Figure 1, a server 102, comprising one or more servers and/or “other types of
computer systems, transmits HTML-encoded web pages through the Internct 104 to a
large number of user or customer computers, including as user computer 106. As
discussed above, the web server may be owned and operated by an Internet retailing
organization, an information-distribution system, a social-networking system, or

another type Internet-bascd transactional or content-distribution system. In general,
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the web server runs continuously, at all times during the day and night, providing
HTML-encoded web pages and, usually, additional types of information and services,
including downloads of exccutable code, scripts, and other such information for ‘
specific types of web-based applications.

5 Figure 2 shows a simple, exemplary web page. A web page is
described by an HTML file, discm;ssed below, which is processed by a web browser
executing on a éomputer in order to generate a web page, as shown in Figure 2, that is
displayed to a user on a display device. The exemplary web page 202 includes a
headlinc graphic 204, an offer graphic 206, a hero graphic 208, and a button graphic

10 210. The exemplary web page is subsequently discussed in the context of tests and
experiments in which altered versions of the web page are provided to users of the
web server that serves the web page in order to test the effects of modifications to the
web page.

Figure 3 shows the contents of an HTML file that encodes the

15 exemplary web page shown in Figure 2 and that includes simple modifications to
facilitate automated testing. Modifications, used to virtually incorporate a testing
service into a website are discussed below, with reference to Figure 14.

A complete discussion of HTML is beyond the scope of the current
discussion. In Figure 3, portions of the H-TML file are correlated with features in the

20 displayed web page shown in Figure 2. In addition, general featurcs of HTML are
illustrated in Figure 3. HTML is hierarchical, in nature. In Figure 3, double-headed
arrows, such as double-ﬁeadcd arrow 302, have been drawn to the left of the HTML
code in order to illustrate tags and tag scoping within the HTML file. In general,
HTML statements are delimited by a pair tags, and are hierarchically organized by

25 scope. For example, an outermost statemenf begins with a first tag of a tag pair that
begins with the text "<html xmIns=" (304 in Figure 3) and ends with a last tag of the
tag pair that begins with the text "</HTML" (306 in Figure 3). The scope of
outermost statement encompasses the entire HTML code. The double-headed arrow
302 at the left of the HTML code, which represents the scope of this statement, spans

30  the entire HTML file. A second-level that begins with the first tag of a tag pair
"<head>" 308 and ends with the last tag of the tag pair "</head>" 310 spans a first
portion of the HTML file, as indicated by double-headed arrow 312, and a second



WO 2011/097328

10

15

25

30

étalemcnt bounded by the first and last tags of a tag pair "<body>" 314 and
"<fbody>" 316 span a second portion of the HTML file, indicated by double-headed
arrow 318. By examining the tags within the exemplary HTML file, shown in Figure
3, and the double-headed indications of the scope of tag-delimited statements, the
hierarchical nature of HTML can be readily appreciated. .

Figure 4 provides a tree-like representation of the contents of the
exemplary HTML file shown in Figure 3. The tree 402 shown in Figure 4 is
constructed from the double-headed arrows that annotatc the HTML code, in Figure
3, that span the scopes tag-delimited statements in the exemplary HTML file. For
example, the root node 404 corresponds to double-headed arrow 302, and the second
level “head” 406 and “*body™ 408 nodes correspond to double-headed arrows 312 and
318 in Figure 3, respectively. Note that, at the very bottom of the tree representation
of the HTML file. shown in Figure 4, the four leaf nodes 416-419 represent the four
features 204, 206, 208, and 210 of the displayed web page encoded by the cxemplary
HTML file, shown in Figure 2. Each of these nodes is essentially a reference to an
image file that contains a jpeg image of the corresponding web-page feature. The
head statement, represented by node 406 in Figure 4, includes formatting information,
references to highest-level resource-location directories, and a great deal of additional

information that is used by a browser to plan construction of a displayed web page.

"The body statement, represented by node 408 in Figure 4, includes references to

image files, text, and other features that are rendered by the browser into displayed
features of the web page. Intermediate nodes include identifiers, particular met-data
information, and references to scripts that are downloaded and run by the web
browser during web-page rendering and/or display.

As a specific example, node 416, a direct and only descendant of the
node labeled "headline” 410 in Figure 4, corresponds to the headline feature 204
displayed in the exemplary web page shown in Figure 2. This node also corresponds
to double-headed arrow 320 in Figure 3. The statement "<img
src="images/demo_site_hd_green.jpg" indicates that the displayed object is encoded
as a jpeg image “demo_site_offer_green jpg" that can be found in a file-system sub-

directory "images."

PCT/US2011/023518
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In order to transform an HTML file into a displayed web page, a web
browser constructs a tree-like binary-encoded data object referred to as a “document
object model” ("DOM"). Once a browser has created a DOM from the exemplary
HTML file shown in Figure 3, DOM-editing routines can be used to locate the node

5 in the DOM corresponding to the node "headline”" 410 in Figure 4 and replace or
modify that node to reference a different image. Following modification, the web
browser would then display a modified web page in which the headline image 204 in
Figure 2 is replaced by a different image. To effect more dramatic changes, an entire
subtree of a DOM, such as the subtree rooted by a node corresponding to the node

10 “right™ 420, can be removed or replaced, to change groups of display features.

Another feature of the exemplary HTML file shown in Figure 3 is that
the various features displayed in Figure 2 are, in HTML, wrapped by tag-delimited
identifiers. For example, the "wm_headline” tag indicated by double-headed arrow
320 and by node 410 in Figure 4 is an identifier for the headline-image-referenée

I5 statement 322. Alphanumeric identifiers, such as the identifier “wm_headline,” are
introduced into an HTML file in order to give easy-to-understand and easy-to-use
labels or handles for various objects, particularly objects that correspond to displayed
features in a web page. Although (;bjects can be easily identified in this manner,
other methods for identifying objects within an HTML file, as well as corresponding

20  nodes of DOM trees and other such binary representations of a rendered page, can be
used to reference display objects.

Figure 5 illustrates a simple web site comprising seven web pages.
Each web page, such as web page 502, is represented by a rectangle in Figure 5.
Curved arrows, such as curved arrow 504, indicate navigational paths between the

25 web pages. Accessing the web site illustrated in Figure 5, a user generally first
accesses a landing page 502 as a result of clicking a link provided by another web
page, such as a web page provided by a search engine, or provided in‘ a list of
bookmarked links by a web browser. The landing page is often, but not necessarily, a
home page for the website. A home page is a central portal for access to all of the

30 remaining web pages in the web site. In general, a user navigates through the web
site by clicking on displayed links embedded in web pages.” For example, the web

site illustrated in Figure 5 is a retailing web site. The landing page provides links to
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four different pages 510-513 that provide product descriptions for four different
products. A user, after viewing the landing page 502, may click a link in order to
navigate 1o a display of a product-description page 510. In the cxemplary web site
shown in Figure 5, a user may subsequently navigate from a product-description page

5 or product-details page to a central order page 520 that contains a button or fecature
522 to which the user can input a mouse click in order to order onc or more products.
In certain cases, web sites may comprise a single page and, in other cascs, a web site
may comprise tens to hundreds or more pages, linked together in a network-like
graph describing various navigational paths between web pages.

10 An example application of web-site testing would be to monitor
access, by users, of the web pages shown in Figure 5 in order to attempt to determine
how often users end up navigating to the order page and clicking the place-order
button 522. One might then modify onc or more of the pages, and again monitor
users' access to the pages and subsequent input to the place-order button 522. Inthis

15 way, by testing collective user response various alternative web pages, web-site
developers and managers may be able to determine an optimal set of web pages that
provides the highest ratio of inputs to the place-order button 522 to user accesses of
the landing page 502. In testing parlance, clicking the place-order button 522, in the
exemplary web_site shown in Figure 5, is, in this example, considered to be a

20 conversion event. One goal of optimizing the web site might be to increase the
percentage of users clicking on the place-order button 522 after initially accessing the
landing page 502. Howevcr, conversion events may be arbitrarily defined, and there
may be multiple conversion events for a particular web site. Optimization of a web
site may also involve multiple, often at-least partially contradictgry goals. One goal

25 may be to increase the number of accesses to any page other than the landing page by
users who have initially accessed the landing page. Another goal may be to increase
total accesses to the landing page, regardless of subsequent page accesses by users
accessing the landing page. Another goal may be to obtain maximum possible
conversion rates, even at the expense of decreasing the overall rate of page accesses.

30 Figures 6-7 illustrate factors, factor levels, and test design. In Figure
6. an initial. prototype web page 602 is shown. A web-site owner or developer may

decide to systematically alter the prototype web page in order to test the effects of the
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systematic alterations, so that alterations that appear to maximize goals can be made
to the web page in order to optimize the web page. The prototype web page includes
a portrait image 604, a title 606, a user-input feature 608, and an informational
message 610. A systematic tester may decide to alter each of these web-page
features, one-at-a-time, in order to determine the effects of the altered features on
measured user response. For the web page shown in Figurc 6, the measurcd user
response, or conversion event, would likely be user input to the user-input feature
608. As shown in Figure 6, a tester may devise a first fcsl web page 611 in which the
prototype image 604 is replaced with'a different image 612. The tester may devise a
second test page 614 in which the title feature 606 is replaced with a different title
feature 616. Similarly, the tester may devise a third test page 620 in which the
informational message 610 of the prototype web page is replaced with a different
informational message 622. Finally, the tester may create a fourth test web page 624
in which the user-input feature 608 of the prototype web pagel is replaced with a
differently labeled user-input feature 626. The systematic tester may change a single
feature, in each of the four test pages, in order to judge the effect of changing that
feature in isolation from any other changes to the web page that might be
contemplated. However, the strictly one-feature-change-at-a-time method would fail
to provide data for the effects of various combinations of changes, such as changing
both the headline and a portrait and, moreover, would require significant developer
time and effort. _

Figure 7 illustrates a related approach to the testing approach
discussed with reterence to Figure 6. In Figure 7, the tester has prepared a table of
factors and factor levels. Each factor in the table is represented by a column, such as
the first column 702 corresponding to factor 1. Each factor is a feature, or group of
related features, on a displayed web page that the tester wishes to alter in order to
determine whether or not to alter the feature in order to optimize the web page with
respect to one or more optimization goals. The various alternatives for each factor
are referred to as levels. Thus, for example, factor I, represented in the table by
column 702, corresponds to the information message (610 in Figure 6), for which the
tester has devised six different alternatives, each corresponding to one of six different

levels associated with that factor. The tester has devised four alternatives for factor 2,
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the title feature (606 in Figure 6), five alternatives for factor 3, the portrait feature
(604 in Figure 6), and five alternatives for the fourth factor, the user-input feature
(608 in Figure 6). Then, having specified the factors, or web-page features, to be
altered, and the various different alternatives for each feature, the tester might try
generating all possible test pages corresponding to all possible combinations of level
values for the factors in order to test the different alternative web pages to determine
an optimal set of four levels corresponding to optimal alternatives for the four factors.
Unfortunately, an exhaustive, combinatorial test, in most cases, is not feasible. Even
for the very simple example of Figures 6 and 7, therc are 1260 different alternative
pages, including the prototype page, which can be constructed by varying between
one and fou} factors according to the variations, or levels, provided in the table
provided in Figure 7. In gencral, for the statistics collected from testing to have
significance, a sufficient number of tests need to be conducted so cach of the different
test pages is displayed a relatively large number of times during the test. In the
example of Figure 6 and 7, each different alternative web page among the 1260
possible alternative web pages may need to be displayed hundreds or thousands of
times to users in order to accumulate sufficient test data to make valid statistics-based
judgments. In many cases, the number of factors and number of levels for each factor
may be far larger than in the simple example shown in Figures 6 and 7.

The variations of factors, or levels, may include changes in content,
display size, display color, object position in the displayed image, or many other
different types of changes. Again, as discussed above, a factor may include multiple
display features.

Because of the general infeasibility of full, exhaustive, combinatorial
testing of all possible web-page variations, certain automated testing systems use an
experimental-design method referred to as "the orthogonal-array mecthod." This
method devises a non-exhaustive test strategy that nonetheless gathers sufficient,
well-distributed test data in order to make reasonable inferences with regard to the
cffects of altering the factors in all possible ways. In essence, the orthogonal-array
method involves devising a sparse sampling of all possible variations of the web page
that provides information about the various dependencies between the different levels

of the different features. The orthogonal-array method involves specifying the factors
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and specifying the levels for each factor for a particular test run, and then. based on
the factors and levels for each factor to be tested in a particular test run, devises a set
of alternative web pages, by varying the specified factors according to the specified
levels, that provide a good basis for collecting statistics for the features to be tested.
The orthogonal-array method is well known in testing and statistics. Many additional
types of test-design methods may also be used. Whatever test-design technique is
employed, each test run defined by clients is associated with a test design that
controls generation and distribution of experiments, or modified web pages.

. Figure 8 illustrates the concept of segments in testing of web pages.
Figure 8 shows the web server and users of the web server using the same illustration
conventions as used in Figure 1. However, in Figure 8, a first set of three users 802-
804 are marked as belonging to a first segment, segment 1, and a second set of three
users 806-808 are marked as belonging to a second segment, segment 2. During live,
real-time testing of web sites, alternative versions of web pages are provided to
subsets of the total number of users, or customers, accessing the web server. During
a particular test run, altered web pages are provided to a specified segment of users.
A segment of users, or customers, can be defined by any of a wide variety of different
parameters. For example, a segment of users may be defined by the web page or link
byv which the users or customers navigated to a test page served by the web server.
Segments may be defined by time periods, by the Internet domains through which
users access the Internet, or by many other different criteria.

Figure 9 illustrates the data and data structures that define tests, test
runs, and experiments. A testing service rﬁay, at any given time, carry out a large
number of different tests for many different client web-site-based organizations.
Each test is defined by a test record, such as test record 902 in Figure 9. Information
contained in the test record includes an alphanumeric name of the test, an identifier
for the clicnt on behalf of whom the test has been created, a description of the test, an
indication of the time that the test was created, an indication of the web page that is
tested by the test, and a list of the factors that may be involved in any particular test
run associated with the test. Note that the factors can be specified by the identifiers
associated with features or objects displayed in the web page. For exarﬁple, referring

to Figures 2-4, a list of factors for a test of the exemplary web page shown in Figure 2
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may include the alphanumeric strings: "wm_headline," "wm_ hero," "wm_offer,"

and "wm_button."

Any particular test may be carried out over a series of test runs. For
example, cach test run may be carried out at a different time, with respect to a
differcnt segment of users, and may test a different array of features and feature
levels. Thus, each test record, such as test record 902 in Figure 9, may be associated
with one or more test-run records, such as test-run record 904 in Figure 9. Test-run
records include information such as the levels to be used for each factor, with the
levels specified as URLs, or other references to images and other resources, or as text
strings or other data directly displayed by the browser, a current state of thc test run, a
description of the segment to which the test run is directed, an indication of the
particular orthogonal-array basis or other test design for the test run, and an indication
of one or more conversion events for the test run. Finally, using the orthogonal-array
basis or other test design selected for the test run, a test run is associated with a set of
experiments, such as experiment 906 in Figure 9. Each experiment corresponds to an
altercd web page that is displayed to users during the test run. An experiment is
essentially defined by associating each factor, tested in the test run, with a particular
level, or referenced resource, according to a matrix of test pages generated by the
orthogonal-array basis or other test design selected for the test run,

Figure 10 illustrates the nature of the statistics, or test results, that are
collected for a particular test run. The results include indications of the test 1002 and
test run 1004, the date on which the test run was conducted 1006, a start time and an
end time for the test run 1008-1009, and a reference 1010 to a results table 1012 in
which test results are tabulated. The test results table includes a row for each
experiment associated with the test run, such as row 1014 in expcrimental-results

table 1012. The row includes an indication of the experiment to which the row

~ corresponds 1016, a count of the number of the times that the page corresponding 1o

the experiment was accessed by a user of an active segment 1018, an indication of the
number of times that a user who accessed the test page generated a corresponding
conversion cvent 1020, other similar numerical information in additional columns

1022, and, finally, a computed conversion rate 1024 for each experiment. The test
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results shown in Figure 10 are but one example of the type of statistics and data that
can be collected during a test run.

There are many different possible ways of tesling a web server in
order to accumulate test results, discussed above with reference to Figure 10, for tests
defined for particular web pages and factors associated with those wéb pages, as
discussed above with reference to Figure 9. One method would require the web
server to design a test by creating all or a subset of possible alternative test pages and
to then develop a test-page-serving system that would execute concurrently with, or
as part of, the web server on an intermittent or continuous basis. As discussed above,
testing methods and systems that require the web server to develop and run tests may
be prohibitively expensive, both in time and resources, for web-site owners or ‘web-
site-based organizations. Furthermore, such testing methods can inadvertently cause
serious financial losses and other non-financial damage to a web site. For example,
were the test pages improperly constructed or served, sales or other activities
generated by rcal-time users may be lost and, in worst cases, the web site could
potentially lose business from particular customers and users altogether. Real-time
testing additionally involves significant security risks. A malicious hacker or
employee might be able to alter the test system to display fraudulent or offensive test
pages, for exa;nple. Finally. similar to problems encountered in a variety of physical
and behavioral systems, poorly or improperly design tests may so perturb the system
being tested that the statistics collected from the tests are meaningless or, in worst

cases, lead to false conclusions. For example, a poorly designed test engine may

. introduce significant delays in web-page service to customers or users. As a result,

the conversion rate measured during a test run may fall precipitously, not because of
particular alterations made to test web pages, but instead because the significant time
delay encountered by users for whom the test page is constructed and to whom the
test web page is transmitted. For these, and many other reasons, web-site-based-
organization test design and execution can be undesirable and, in worst cases,
disruptive and damaging to the web-site-based organization.

An alternative approach to testing involves using a third-party testing
service, in tandem with the web server that serves the web site to be tested. However,

simply conducting tests by a third-party server does not guarantec that the many

PCT/US2011/023518
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pitfalls and disadvantages discussed above with respect to web-site-based-

organization test design and execution are necessarily avoided. In fact, in many

cases, the pitfalls and disadvantages discussed in the preceding paragraph may be

exacerbated by third-party testing of web sites and web servers. For example, in the

5 case that a test web page, requested by a customer, needs to be prepared by the third-

party server, in response to a request generated by the web site as a result of a user

request for the web page being tested, test-page serving may be significantly delayed,

deleteriously perturbing the users’ interaction with the web server to the point that the

test statistics end up meaningless or misleading. As another example, security issues

10 may be compounded by distributing testing tasks between a web-server computer

system and a third-parting testing server. Automated testing systemS may employ an

array of techniques and features that address these pitfalls and disadvantages, and that
provide minimally intrusive and cost-effective testing for web sites and web servers.

Figure 11 illustrates an automated testing environment. [n Figure 11,

15 the web site 1102 is represented as one or more servers or large computer systems

that serve web pages through the Internet 1104 to a generally large number of web-

site users or customers, including user 1106. The web site or web server is regarded,

in the following discussion, as a client web server of the testing service. The client

web server also includes a client computer 1108 by which the client web-scrver-based

20 organization can access various third-party services and web servers through the

Internet. Finally, a web-site testing service is provided by a distinct server or servers

1110 accessible to the client web server 1102, the web server customer 1106, and

client computer 1108 via the Internet 1104.

The testing service is used by the client web-site-based organization,

25  referred to as the “client,” below, to design and run real-time, live tests of web pages

provided by the client web server to users. A testing service may run on the same

computer systems as the client web server. In general, the testing service is

geographically distinct from the client web server, and is concurrently used by

multiple, different clients for concurrently executing many different tcst runs on

30  behalf of the multiple clients.
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Figures 12A-H illustrate a general method and system for web-site

testing. Figures 12A-H all use the same illustration conventions, in which large

rectangles represent the four entities shown in Figure 11. _

A client establishes a relationship with the testing service, as shown in
Figure 12A, by accessing the testing service through a browser executing on the
client computer. As shown in Figure 12A, an employee or owner of the client web
server uses the client computer 1202 to access a testing-service web site, via a
browser 1204 running on the client computer, which allows the client web server to
register as a client of the testing service. The testing service 1206 includes one or
more databases 1208 and 1210 that store information used to construct library and
key files that are downloaded to client web servers, store statistics collected during
testing, and store various different data objects and records that describe clients, tests,
test runs, experiments, and other data used to conduct web-site testing. The client
web server 1212 serves a number of different web pages described by HTML files
1214 to users, represented by user 1216 who access the web pages served 'by the
client-web server through a browser 1218 ruﬁning on the customer computer 1216.
The testing service and client web server additiohally include web-server engines,
application programs, and other components of servers and computer systems (1215
and 121 in Figure 12A).

As shown in Figure 12B, the client carries out a dialog 1220 with the
testing service in order to provide the testing service with information about the client
that allows the testing service to prepare a client record or records 1222 that describe
the client and to store the client record or records in the database. In addition, the
testing service may undertake various authorization and aulhcntiéation steps to ensure
that the client web server is a valid web server and that the client can transmit
remuneration for testing services to the testing service. As part of client initializatidn,
the testing service prepares a script library 1224 and a key file 1226 that the testing
service downloads to the client web server. The script library 1224 includes routines
that are called by client-web-server users during web-site testing. This library is
referred to as a “script library” because script routines are often provided to browsers

for exccution. The key file 1226 includes cryptographic information that ensures that

PCT/US2011/023518
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all information exchanges that occur between client users and the testing service are
sccure.

As shown in Figure 12C, following client initialization, the client

modifies any of the HTML encodings of web pages that may be altered during testing

5 of the clicnt-web server by the testing service. The alternations are minimal. To each

HTML file that encodes a web page that may be tested, the client generally adds only

two single-line statements and, in the case that display objects are not associated with

identifiers, as discussed above with reference to Figure 3, the client web server

provide identifiers for each of the objects that may be specificd as factors for testing

10 of web pages. The single-line statements are generally identical for all client web

pages, greatly simplifyiﬁg the web-page modification carried out by the client. The

first statement results in downloading of a script library from the client web server,

and the second script launches one or more information exchanges between the

" testing server and user computer. In the case that a conversion event is tied to a

I5  specific user- actlvated display device, such as a button, a call to a conversion script is

inserted into the HTML file, so that user activation of the user-activated dxsplay

device generates an information-exchange transaction with the testing service

corresponding to a conversion event.  As discussed above, these may be the HTML

identifiers discussed with reference to Figure 3, or other types of identifiers. In many

20 cases, simple changes to the HTML files can be automatically carried out by a script

or by routines provided by a conlcm-managemcnf-service application-programming
interface.

Following client initialization and modification of the HTML-file

encodings of web pages that may be subsequently tested, the client can configure and

25  run tests through a test-configuration interface provided as a website by the testing

service to clients, as shown in Figure 12D. The test configuration interface 1230

allows the client computer to define tests 1232, specify and modify already-specified

test runs 1234, and specify segments 1236, and, using client-supplied test and test-run

specifications, the testing service generates the experiments 1238 associated with

30  each test run. All of the test, test-run, and segment information is stored in records

associated with a reference to the client in oné or more databases within the testing

service. The test-configuration interface 1230 additionally provides run-time
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information to the client web scrver and allows the client web server to launch trial

runs and test runs.
When a client web server has crcated a test and launched a test run for
the test. the testing service provides modifications of the tested web page to users of
S the client-web-server during the test in order that the users receive altered web pages
that constitute test experiments, and the testing service collects statistics based on
users’ access to web pages under test. This process is next described, with reference

to Figures 12E-G.
When a client-web-server user 1216 accesses a test web page, the
10 client-web-server user sends an HTML-file request through the Internet to the client
web server 1212, as shown in Figure 12E, which returns the requested HTML. page to
the client-web-server user 1216 for rendering and display by the browser 1218
exccuting within the user’s computer. As the browser begins to process the HTML
file, the browser encounters a statement 1240 that causes the browser 1218 to request
15 the script library from the client web server. When the script library is downloaded
by the client web server, the HTML file is modified, on the user computer, {0 launch
an additional information exchange with the testing service to download additional
library routines from the testing service. This additional information exchange is
carried out only when the web page being processed is an active test page, the user
20 computer is a valid test subject for an active test, and the additional library routines
are not already cached in the user computer’s browser. Insertion of the library-
routine-fetch statement is one of the two modifications to the HTML files

corresponding to tested web pages made by the client.

Next. as the browser continues to process the HTML, as shown in
25 Figure 12F, the browser encounters a call to the library routine “WM.setup™ 1241.
When executed by the browser, WM.setup initiates one or more information
exchanges with the testing service during which the testing service can access cookies
and other information associated with the web page on the user’s computer, and the
user computer receives web-page modifications from the testing service. Cookies
30 can be used. for example, to ensure that a test subject who repeatedly accesses a
landing page receives the same experiment, or test page. each time. Only when the

web page being processed by the user computer is an active test page, and the user



WO 2011/097328 PCT/US2011/023518
17

computer is an active test subject, are web-page modifications returned to the user
computer by the testing service, and information uploaded by the testing service from
the user computer. When this web page and user are validated, the testing service
records the page accessed by the user, an identifier of the user, and a time of access in
5 one or more database entries 1242 and returns a snippet, representing onc or more
nodes or sub-trees of the DOM corresponding to the web page, to the user computer,
which modifies the DOM constructed by the browser to incorporate the snippet
downloaded by the testing service to the user. In other words, the testing service
downloads modiﬁcations’ that transform the web page downloaded by the user to a
10 particular altered web page representing an experiment.  Thus, following the
information transaction illustrated in Figure 12F, the user's browser alters the DOM
and displays, to the user, the altered web page corresponding to an experiment as part
of the test run. The snippet is constructed or retried by the testing service based on
the orthogonal-array test basis or other test design. The stored test design defines the
15 experiments, from which the testing service selects experiments for provision to users
in order to obtain a weli-distributed sampling of experiments during the test.
Subsequently, as shown in Figure 12G, should the user download a page, or invoke a
feature on a page, corresponding to a conversion event, the user's browser, in
processing the HTML file, encounters a library call 1250 that results in an
20  information transaction betweén the user and testing service. The testing service
~ checks to ensure that the web page is a valid conversion page for an active test, that
the user is a valid test subject. When all of these tests are valid, the conversion event
is recorded 1352 for the experiment by the testing service.

Finally, as shown in Figure 12H, when the testing service has
25  collected sufficient data to consider the test run to be complete, the testing scrvice
changes the status of the test run to complete, and may then undertake analysis and
reporting of the test results. The test results may be automatically returned to the
client web server, or may be subsequently returned, on demand, when the client

checks the status of the test run and determines that the test run has been completed.
30 Figures 13A-H provide control-flow diagrams for a web-site testing
service. Figure 13A provides a high-level event loop carried out by the testing

service on behalf of one or more clients. In step 1302, the testing services waits for a
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next clicnt-generated event. When the cvent corresponds 10 access of the tesling-
service website for registration by a new client, as determined in step 1304, the
routine "initialize new client" is called in step 1306. When the event is a request to
construct a new test by an already-registered client through the test-configuration
interface, as determined in step 1308, the routine “test setup"” is called in step 1310.
When the event is a request to configure a new test run, as determined in step 1312,
the routine “test run sctup” is called in step 1314. When the event is a request to
launch a trial run, as determined in step 1316, the routine "trial run” is called in step
1318. When the event is a request to launch a test run, as determined in step 1320,
the routine "test run” is called in step 1322. When the event is a status, information
request, or information-update request, as determined in step 1324, then the routine
"status” is called in step 1326. For example, a client can obtain test-result
information duri\ng ‘a test run, and can additional obtain analysis results following
completion of a test run. Any of various additional types of events are handled in a-
default event handler in step 1328. Additional events include log-ons to the testing
service web site by registered clients, during which clients are authorized and
authenticated.

Figure 13B provides a control-flow diagram for the routine "initialize
new client” called in step 1306 of Figure 13A. In step 1330, the testing service
carrics out a dialog, through the testing service web site interface, with a prospective
client in order to collect information about the client. This information may include
the client's name, address, billing address, web site URL, and other such information.
If all nceded information has been collected through this dialog, as determined in step
1332, then the testing service proceeds to authenticate and authorize the prospective
client, in step 1334. Otherwise, as with most of the steps carried out by the testing
service during dialogs with clients of the testing service, the testing service may clect
to retry a previous step, as determined in the current case in step 1336, in order to
make an attempt to acquire the remaining needed information or, in certain cascs,
may simply return an error message and fail. Once a client has been authorized, the
testing service, in step +336 1337, either through a dialog or via automated methods,
determines the web site domains and cookie domains of the client web server, and

obtains, from the clicnt, specification of a file-system location at which to download
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to the client web server the library and key files. In addition, the testing service
determines whether or not to use a secure protocol when communicating with client-
web-server users and any other information needed for executing tests. Then, in step
1338, the testing service creates and downloads the script library and key files to the
client web server. In step 1340, the testing service prepares and stores onc or more
client records that describe the client and prox)ide a basis for further interactions with
the client and, finally, in step 1342, return an acknowledgement to the client. In an
actual testing service system, client initialization may contain many additional steps,
and may involve solicitation and acquisition of many additional different types of
information.

Figure 13C provides a control-flow diagram for the routine "test set
up” called in step 1310 of Figure 13A. In step 1346, the testing service solicits test
information from the client and receives the solicited information in step 1348. Steps
may be iterated in order to carry out a dialog during which the needed information to
prepare and store a record describing a test is acquired by the testing service. Once
the information is received, the testing service preparcs a test record and enters the
test record in the testing service's database in step 1350 in association with, or
referenced by, one or more client records. As discussed above, test information may
include a test name, creation date, description, list of factors, and other information
that provide a basis for subsequent construction of test runs.

Figure 13D provides a control-flow diagram for the routine “test run
sctup” called in step 1314 of Figure 13A. In step 1354, the testing service receives
information about a next test run and opens a test record for the test run. Step 1354
may involve multiple information exchanges with the client. It shouid also be noted
that the client may elect to update or modify an already existing test run, in which
case an already existing test-run record is accessed in step 1354. Next, in step 1356,
the testing service carries out an information exchange with the client to obtain all the
information that defines a test run, including various attributes, the levels for each
factor, a specification of a test segment, and other such information. Once that
information is received, then, in step 1358, the testing servicc provides various
orthogonal-array-based or other test-design-based testing alternatives to the client,

from which the client web server selects a particular test design. Various different
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orthogonal-array-based test designs or other types of test designs may be associated
with different advantages and disadvantages, and selection of an orthogonal-array-
based test or other test design may involve consideration of a number of different
trade-offs, including potential length of the test run, computational requirements on
the testing service, and many other such factors. Finally, in step 1360, the testing
service prepares and stores a test-run record and, in addition, sets the test-run status to
“constructed.”

. Figure 13E provides a control-flow diagram for the routine "test run,”
called in step 1322 of Figure 13A. In step 1366, the testing service sets the status of
the test run to "active.” Then, in a continuous loop comprising steps 1368-1370, the
testing service continues to handle test-run events, primarily information exchanges
with test subjects’ computers invoked by execution of script-library routines by users’

browsers, until the test is complete, as determined in step 1370. In general, a test run

~ continues until sufficient data has been collected to provide statistically meaningful

results. Once a test run is completed, the testing service sets the status of the test run
to “complete,” in step 1372, and then may undertake analysis of the test results and
reporting of results of the analysis, in steps 1374 and 1376. As briefly discussed,
above. results may also be reported to a client during the test run, through the web-
site interface. |

Figure 13F is a control-flow diagram of the routine "handlc run
events” called in step 1369 of Figure 13E. This routine is a simple event handler, in
which messages sent from user computers as a result of calls to the script-library
routine "WM.sctup” by user browsers are handled by a call to the routine "wmsetup,”
in step 1380, and messages sent from user computers as a result of calls to the script-
library routine "WM.convert" by user browsers are handled by a call to the routine
"wm convert,” in step 1382. Note that the script-library routines "WM.setup” and
"WM.convert" are called by a browser running on the user computer, and those script
routines. in turn, call routines that initiate an information transmission with the testing
service.

Figure 13G provides a control-flow diagram of the routine "wmsetup”
called in step 1380 of Figure 13F. In step 1384, the testing service routine receives a

mcssage, for request, from a user computer as a result of execution, by a user’s
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browser, of the script-library routine "WM.setup.” In step 1385, the testing service
uses a URL for the web page being processed to access the database or databases
maintained by the testing service in order to determine whether or not the call to
WM .sctup represents a page-access event or a conversion event, the type of test being
run, whether or not the web page is an active test page and the user computer is a
valid and active test subject, and other such information. When the test page that
included a call to "WM.setup," which, in turn, generated the message or request
received in step 1384, is an active test page, as determined in step 1386 by the testing
service, and when the user computer is an authorized test subject, as determined in
step 1387, then. in step 1388, the testing service then in the case that the call to
WM.sctup represents a landing-page-access event, prepares the DOM modifications
needed to generate an experiment for display on the user computer and transmits
those modifications to the user computer. Finally, in step 1389, the testing services
records cither a landing-page-access event by the user computer or a conversion
event, depending on the web page. Note that, in the case that the page from which
the call to "WM.setup" was made is not an active test page, or in the case that the user
computer is not an active and authorized test subject, the routine "wmsetup" simply
returns. In other words, there is almost no performance penalty and no perturbation
to the client's web server in the case that a uscr accesses an inactive test page or in the
case that non-test-subject users access test pages. Steps 1384 and 1385 may include
one or more information exchanges between the user computer and testing service.

Figure I13H is a control-flow diagram for the routine "wmconvert"
called in step 1382 of Figure 13F. This routine is similar to the routine ';w1nsetup,"
described with reference to Figure 13G. The primary difference is that this routine is
only called for a conversion event, which is recorded, in step 1390, as conversion
event in a testing-scrvice database. '

The routine “trial run,” called in step 1318 of Figure 13A, is similar to
the routine test-run, discussed above, with the exception that a trial-run status may be
sct for the test run during a trial run. The routine “trial run” is not further discussed.
The routine “status,” called in step 1326, returns status information with respect to
test runs and other inforrhation about tests, test runs, and clients. Implementation of

this routing is strongly dependent on the particular database organizations used by the
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testing service and on the particular web-site interface provided to clients, and is not
further discussed.

Figure 14 shows the HTML modifications used to virtually
incorporate a testing service. The HTML code, previously shown in Figure 3,
includes first statement 1402 that directs a browser to download the script-routine
library and a second statement 1404 that calls a script-library entry point “WM.setup”
that results in sending a message or request to the testing service to indicate a
landing-page-access event or page-access-conversion event. A page that includes a
displayed object, activation of which is defined to be a conversion even, is similarly
modified to include a call to the library routine “WM.convert.” By merely adding
two statements to an HTML file, or three in the case that the page corresponds both to
a landing-page-access event and to a conversion evént, the HTML file becomes a
potential test web phge, and the testing service is virtually incorporated into the client
web server. Again, the statements used to modify landing-access-event-associated
web pages are identical for all such web pages, as is the statement that is used to
modify display-objects associated with conversion events. A client can easily wrile a
script or other program, or use a content-management-system programming interface
to introduce these identical statements into web pages. Figure 15 provides an
exemplary script library downloaded service.

Consider the problem of designing an experiment in which the effects
of four different variables, or factors, are desired to be ascertained. As one example,
a web page provided by a web site for marketing a particular product may include a
number of different images, text features, and data-input features, including pictures
of the product, textural descriptions of the product, product-order-initiation buttons,
and other such features. The web site provider may wish to optimize the web page by
considering four factors, or variables, and systematically altering the web-page
features corresponding to the four variables in order to determine how the variables,
or factors, affect the overall efficiency or cffectiveness of the web page. The
systematic variation of the four factors represents an experiment design. In this
situation, the web-site provider may wish to systematically alter the web page, with
respect to the four factors, to display, for each factor, one of three possible variations.

For example, there may be three different product images, three different text
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captions for the product images, three different product-description paragraphs, and
three different product-ordering-initiation buttons or other user-il;put features. The
features may differ in content, form, size, color, or in any other manner that changes
the appearance of the features to viewers of the web page.

One way in which to design an experiment to test the effects of the
four factors is to carry out an exhaustive, combinatorial experiment in which each of
all possible combinations of the three different variations for each factor are tested,
over a period of time. Figure 16 illustrates a full combinatorial experimental design
for a four-factor experiment. In Figure 16, each small rectangle, such as small
rectangle 1602, in the right-most column 1604 of the displayed table 1606 represents
a different combination of factor values, or factor levels, which, in a full
combinatorial experiment, constitutes a separate test run. For example, small
rectangle 1602 indicates that the third level, where the levels for the factors are
numerically designated {0,1,2}, for factor 4 is used in the test run represented by that
rectangle 1602 and corresponding values for the other three factors shown in regions
of the table collinear with that rectangle. The levels for the remaining factors are
indicated at the same horizontal level within a table. For the final test run, which
includes level 2 for factor 4, the remaining factors also have level 2, since expanding
the small rectangle 1602 lefiward, as indicated by dotted line 1607, overlaps regions
of columns 1610-1612, representing factors 3, 2, and |, respectively, indicated in
table 1606 to have the value 2. A full combinatorial experiment comprises a total of

3%, or 81, separate test runs. Thus, in order to carry out the combinatorial experiment,

one might either proceed sequentially, down the table, selecting values for each of the

factors from each row of the table to ;pecify each successive test run, or randomly
sclect test runs from the table. In general, a similar or equal number of web-page
displays are carried out for each of the test runs. Test run results may be measures, as
one example, as the percentage of viewers, to whom a particular version of the web
pagc is displayed, order the marketed product from the web page.

By using a full combinatorial experiment, it is possible to statistically
analyze the data in order to determine the effects of all different factors, considered
alone, on the experimentally-determined results of displaying the web page as well as

to determine the joint cffects of all possible pairs and triplets of the four factors. As
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one example, given that a factor 4 presents the color of a particular web-page fcature,
with levels 0, 1, and 2 representing the colors red, blue, and green, experimental
analysis of the results obtained from a full combinatorial experiment may reveal that
web-page viewers are twice as inclined to order the product displayed by the web
page when the web-page feature represented by factor 4 is colored red. Additionally,
the experiment may reveal that, with factor 3 representing font size for a product
description included in the web page and with factor-3 levels 0, 1, 2 representing font
sizes 10, 20, and 30, a small font size combined with a red-colored feature most
effectively motivates viewers to order the product, while, in general, larger font sizes
are more effective combined with colors other than red. Such interdependencies
between factors are referred to as "factor interactions," or simply as "interactions.”
While a full combinatorial experiment is easily designed, and provides
complete support for subsequent statistical analysis, a full combinatorial experiment
design is often infeasible. The number of test runs grows exponentially with respect
to both the number of factors and the number of factor levels. In a larger, many-
factor and many-factor-level version of the above example, in which a web page is
systematically altered and results collected by displaying the various different
variations of the web page to users, over time, a full combinatorial experiment design
may require months, years, or more time for accumulating statistically meaningful
result sets, and may be associated with prohibitive costs and resource expenditures.
Therefore, experiment designs generally featurc only a subset of the total possible test
runs. For example, in the experiment-design problem discussed with reference to
Figurc 16, above, a practical experiment design may use only ten or less of the
possible 81 test runs for an experiment that tests four different 3-level factors.
Orthogonal arrays have been developed for experiment design to
systematically select, as an experiment design, a subset of all possible test runs for a
particular number of factors and levels. The subset is selected to provide results that
can be efficiently, robustly, and reliably analyzed to determine the independent
effects of factors as well as specified interdependencies between factors, or
interactions.  Figure 2 illustrates an orthogonal array that can be used as the
experiment design for the above-discussed four 3-level factor experiment, a full

combinatorial cxperiment design for which is shown in Figure 16. In Figure 2, the
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orthogonal array 202 is a 9 x 4 matrix, or two-dimensional array, in which cach of the
rows represents a test run, each of the columns represents a factor, and the numbers in
each cell of the matrix represent a particular level, or value, for a particular factor
within a particular test run. For example, in orthogonal array 202, the first row 204

5 represents a test run in which the level, or value, for all four factors is 0. Again,
factors are variables in the experiment, and the levels are numeric representations of
different values that a factor may have. In pure orthogonal arrays, all factors have the
same number of levels. In mixed orthogonal arrays, the number of lcvels associated
with factors may vary.

10 Orthogonal arrays have a number of interesting properties. Figure 17
illustrates one of these properties. In general, in an orthogonal array, there is an
integer ¢ that specifies a maximum number of columns that can be selected from the
array such that a sub-array containing only the selected columns includes a fixed
number of all possible r-tuples. For example, in Figure 17, by selecting columns 2 |

15 1706 and 4 1708 to form subarray 1710, and permuting the rows of the subarray to
produce the ordered subarray 1712, it can be observed that each possible two-element
tuple, or vector, for three levels is represented as a row in the ordered subarray 1712.
Any two columns selected from the orthogonal array include all possible two-tuples.
The value of + may range from 1 up to &, the total number of columns in the

20 orthogonal array.

An orthogonal array can be represented using various different
notations. In one notation, the orthogonal array is represented as:
OA(N, k,s.1)
where N = number of rows;
k = number of columns;
s = number of levels;
1 = maximum number of columns that can be selected
to form a subarray containing all possible ¢-vectors
as rows.
There is an additional parameter A, referred to as the index, which indicates how
25 many copies of each possible r-tuple are contained in a r-column subarray of the

orthogonal array. In the example of Figure 17, A = 1, since the ordered subarray 1712
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contains a single copy of each possible 2-tuple. The parameter A can be derived from

the other parameters by:

A=N/s'\b*-4ac

It should also be noted that the subarrays with numbers of columns {l,..../-1} also
5 have the above-described property of the subarrays with 7 columns.

The above-described property of orthogonal arrays provides
advantages in experiment design. Orthogonal arrays are balanced, in that, in the
experiment design, each level occurs an equal number of times for each factor.
Although an orthogonal-array-based experiment design does not provide all possible -

10 test runs, the test runs that are provided by the orthogonal array are well balanced, so
that the independent effects of each factor can be readily determined. Figure 3
illustrates analysis of experimental results produced by an orthogonal-array
experiment design. Figure 18 shows the same orthogonal array 1702 shown in Figure
2. Consider a determination, from the test runs specified by the orthogonal array, of

15 the effect of factor 1. Notice that, in the first three rows of the orthogonal array,
factor 1 has level "0" 1802. In the next three rows, factor 1 has level "1" 1803. In the
final three rows of the orthogonal table, factor | has lev_el "2" 1804. Thus, the three-
row blocksv1802-1804 represent three subsets of the orthogonal array in which the
level of factor 1 is constant. Note also that, in each of these three subsets, or blocks,

20  all possible levels of the remaining three features each occurs once. Thus, as shown
in Figure 18, an average result for the experiment when the first factor has level "0"
can be computed by averaging the results obtained from the test runs in the first block
1802, as shown in expression 1806. Similarly, average results for factor | having
level | and factor | having level 2 are obtained by averaging the results obtained

25  from test runs in the second and third blocks, as shown in expressions 1807 and 1808,
respectively. A plot of these averaged results versus the level of factor | 1810 may
reveal a trend or dependency of the results on the value, or level, of factor 1. In
similar fashion, the rows of the orthogonal array can be permuted to generate similar
sub-blocks for each of the other factors. Thus, the effect of each factor can be

30 obtained by similar averaging operations.
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There are a large number of known orthogonal arrays. Figurc 19

illustrates a number of orthogonal arrays.
Figure 20 illustrates the concept of interaction between experiment-
design factors. In Fighre 5, each pair of graphs, such as graphs 2002 and 2004,
5 represent a plot of the averaged results for a first factor, as shown in graph 1810 in
Figure 18, when a second factor is held to one of two constant levels. For example,
graph 2002 shows a plot of'the averaged results for various values of factor F1 when
factor F2 is held to the level "0" and all other factors vary according to the
experimental design represented by an orthogonal array. Graph 2004 plots the
10 averaged results for the first factor when the second factor is held to level "1" while
.other factors vary. In the case shown in graphs 2002 and 2004, the slope of the curve
2006 changes from positive to negative when the level of the second factor changes
from "0" to "1." In the second pair of graphs 2006 and 2008, the slope of the plotted
curve 2010 does not change when the level of the second factor changes from "0" to
15 "1," although the curve is translated upward, or shifted by a scale factor. In the third
pair of graphs 2016 and 2018, the slope of the plotted curve 2020 increases when the
level of factor 2 changes from "0" to "1." When the slope of the curve changes, as in
the pairs of graphs 2002-2004 and 2016-2018, factors 1 and 2 are considered to be
dependent, or, in other words, an interaction is present between factors | and 2. By
20 contrast, when the slope of the curve does not change more than some threshold,
maximum value, as in the pair of graphs 2006 and 2008, the factors are regarded as
being independent. An orthogonal array can be used to determine the effects of
dependencies, or interactions, between factors by assigning columns to represent the
interactions. Thus, one set of columns in an experiment design may represent factors,
25 and an additional set of columns may represent varioué different interactions between
the factors. Assignment of factors and interactions to columns of an orthogonal array

constitutes development of an experiment design from the orthogonal array.

Embodiments of the Present Invention
30 Automated testing and evaluation of web sites, web pages, and other
similar types of displayed information, as discussed above, provides a useful method

and system for evaluation of the effectiveness of web pages, web sites, and other
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displayed information with respect to any of various goals identified by web-page.
web-site, and other displayed-inform‘ation providers. The methods and systems of the
present invention can be employed for gencral evaluation of displayed information
with respect to specified goals. Automated testing of displayed information is
frequently employed in marketing analysis and - web-site optimization to allow
commercial web-site owners and administrators to evaluate and optimize web sites in
order to achieve a maximum rate of purchase of products and services advertised
within the web sites or, in other cases, a maximum rate of further user interaction
with the web site with respect to advertised products and services, such as users
requesting additional information about advertised products and services. For thesc
purposes. automated testing is carried out for a sufficient period of time in order to
make well-founded, statistically justified determinations of the most effective web-
site content and organization to achieve a particular goal, frequently a conversion rate
indicating the percentage or fraction of users viewing a web page who purchase an
advertised item or service, request additional information about the advertised
product or service, or do some additional operation that represents a desirable
outcome of the web-page viewer’s access of the web page.

The amount of time over which testing occurs is often an important
factor in dctérmining whether or not to embark on a particular type of test. While
automated testing is generally relatively non-obtrusive, and can be carried out while a
web site continues to be operable, in many cases, testing of non-optimal web-site

configurations and content may represent lost sales and revenues during the time

when the test is run. Therefore, providing test administrators and automated-testing

users with estimated times over which a test needs to be run can greatly facilitate
rational decision making with regard to embarking on automated testing for particular
web sites and other displayed information. Additionally, the test administrator or
automated-testing user may wish to, over the course of time during which a test is
run, evaluate how much longer the test needs to be run in order to achieve a specified
level of confidence in the test results. The statistical significance of test results
generally increases with the sample size of the test, where the sample size, for web-
site testing, is the number of web-site viewers who access a displayed web page

under test. The time nceded to achieve statistical confidence for a particular test is
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therefore generally related to a base-level access rate, or page-view rate for thc web

page under test. However, as discussed below, obtaining accurate estimates for the
amount of time that a particular test needs to be run is a relatively complex process.

Figure 21 illustrates a first example of the use of test run-time

5 csii|11zites to facilitate automated testing according to one embodiment of the present

invention. In Figure 21, an automated-testing service displays an administrative page

2102 which includes descriptions of five different tests, or candidate tests, that a test

administrator can run in order to test particular features of a particular web page. As

shown in Figure 21, in addition to information concerning the number of factors,

10 factor levels, number of experiments within the candidate-test design, and other such

information, the administrative web page displays, for each candidate test, a sample

size and total test time, such as displayed sample size 2106 and test time 2108 for the

candidate test represented by displayed information 2104. The displayed estimated

test times, in particular, provide a useful piece of information to facilitate a test

IS administrator's selection of a particular candidate test with which to undertake

automated testing of a web page.

| Figure 22 shows a run-time administrative page that displays

information about an on-going automated test, according to one embodiment of the

present invention. The run-time adminiétrative page 2202 may include various

20 different types of information that is automatically and continuously updated over the

course of a test for evaluation by a test administrator. This information may include

cumulative conversion rates for particular experiments, factor levels, and factors

2204, continuously updated graphs of cumulative page views 2206 and other

information 2208, as well as a test-progress feature 2208 that represents onc

25 embodiment of the present invention. The test-progress feature includes a horizontal,

displayed bar 2210, the left-hand portion of which 2212 represents the total elapsed

time over which the test has already occurred, and a right-hand portion 2214

representing the remaining time nceded to complete the test according to parameters

that specify a desired statistical confidence for the test. The test-progress feature may

30 include indications of the time at which the test began 2216, indication of the current

time 2218, also represented by vertical bar 2220 within the horizontal bar, and an

indication of the estimated time of test completion 2222. As shown in Figure 22, the
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left-hand portion of the horizontal bar may be differently colored or shaded from the

' right-hand portion, and the proportion of the length of the right-hand portion with

respect to the length of the lefi-hand portion reflects the ratio of the remaining time
needed for the test to the time over which the test has already run.

The test-time cstimation methods, next discussed, can be employed to
provide the initial test-time estimates for candidate tests, as discussed above with
reference to Figure 21, as well as to provide the time-progress feature discussed
above with reference to Figure 22. The time-progress feature may be updated
continuously, at regular, fixed intervals, or at specific points within a test run, and the
method, discussed below, can correspondingly be carried out continuously, at fixed
points of time, or at specific points of time during the test to provide estimates of total
time and remaining time for a particular automated test.

V It should be noted, at this point, that while the following discussion of
test-lime-cstimation methods employs mathematical notation and descriptions, these
test-time-estimation methods are computational, in nature, and are carricd out by a
component of an automated testing system that represents one embodiment of the
present invention. These test-time-estimation processes involve very large numbers
of exceedingly tedious computations that could not possibly be carried out mentally
or by hand in order to provide test-time estimates either for the administrative page
discussed above with reference to Figure 21, the run-time administrative page
discussed above with reference to Figure 22, or for any other user display or user
interface provided by an automated testing service to users of the aulomated testing
service. It should also be pointed out that the following mathematic notation does not
represent abstract mathematical principles or laws of nature, but instead precisely
describes computational processes, carried out b)" computer instructions stored within
a computer-readable medium within a computer system, that determine test times and
remaining test times for an automated testing system.

In order to facilitate discussion of the test-time-cstimation methods,
Figure 23 shows an example of an automated-test plan or design. The test design can
be represented as a two-dimensional array 2302, with columns associated with
factors, such as column 2304 associated with a first factor, F, 2306, and rows

associated with particular cxperiments conducted as part of the overall test, such as
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row 2310 associated with a first experiment Y, 2312. Each cell in the two-
dimensional array represents .the factor level incorporated by a particular factor
within a particular experiment. As one example, cell 2316 in the test design shown in
Figure 23 indicates that, in experiment Yg, the third factor, factor F3, is incorporated
or displayed at level "1." As discussed above, test designs are, in certain
embodiments of the present invention, based on orthogonal arrays or modified
orthogonal arrays. '

In certain test-time-estimation procédures that represent embodiments
of the present invention, the observed conversion rates for particular experiments, yi,

are modeled as the sum of a number of feature-level effects and first-order feature-

level-interaction effects, as follows:

y, = By + BixP (D) + Blxi (D +. .. Bl )+
LI+ Byxy () +. . B xi (i) +

00 4 T I

) v X (D + Bryxy (D) +. .. M"xM "+

008+ BN+ . L5

0,0_00 0.1 01 L
ﬂls"n(’)"’ﬁ (’)"' st

00 L0 Laplas oharaidsr ¢
M =108 ag |.u(’)+ﬂ\r 1Ar- w IM(’)+ Baan Xt ()

where 3, is a constant effect;
B/ is an effect for level j of factor /;
B! is a first-order interaction between level j of factor i
and level / of factor &;
M is the number of factors, and
L, is one less than the number of levels for factor i.
Analysis of the observed conversion rates y; for each of the experiments Y; run during

the course of an automated test provides estimates of the feature-level effects B and
first-order feature-level-interaction effects S for each of the feature levels and
first-order feature-level interactions within the test design. The test is run until these

feature-level effects and first-order feature-level-interaction effects can be estimated

at a predefined, statistical significance level.
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Figure 24 illustrates, in general, feature-level and first-order feature-
level-interaction effect estimation over the course of automated testing based on a
particular test design, according to one embodiment of the present invention. In
Figure 24, the horizontal axis 2402 represents time and/or the sample size for the test,
which. as discussed above, are related. The vertical axis 2404 represents the
magnitudes of feature-level effects and first-order feature-level-interaction effects.

The constants S, in the above-described model represents a mean conversion rate for

the web page under test that does not depend on the displayed levels of the particular
features that are varied in the test. Itis a kind of constant or static conversion rate for

the web page, as a whole. Figure 24 is a graph of the estimated value of B, at

various times during the test run, using the data available at those times. The

functional relationship between the estimated value of /3, and the time for which the

test has been run is shown as curve 2410. Initially, prior to the point in time
represcnted by dashed, vertical line 2412, referred to as the "phase change" for the

test, the estimated value of S, may vary significantly with respect to time or the

number of page views. However, after the "phase change" time 2412, the value of

B, stabilizes, and exhibits low variation over the remainder of the test. Similar

behavior is expected for each of the feature-level effects and first-order feature-level-
interaction effects, such as a few of the feature-level effects and first-order feature-
level-interaction effects for which estimated values are plotted with respect to time as
curves 2414-2417 in Figure 24. In general, the test completes, at the test-termination
time represented by a second vertical dashed line 2420 in Figure 24, when the
estimated values of the feature-level effects and first-order feature-level-interaction
effects have all stabilized, and exhibit sufficiently low variability, over time, to
satisfy the predefined statistical confidence desired for the test. Thus, the test-lime-
estimation methods discussed below are directed to estimating test-termination time
2420 for automated tests which determine feature-level and first-order feature-level-
interaction effects.

The goals of web-site and web-page optimization tests include: (1)

detecting the best (optimal) content; and (2) predicting a value of a performance

PCT/US2011/023518
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measure, such as the conversion rate, when optimal content is provided through a
web site. Tests are carefully designed in order to accomplish these goals by ensuring
that. a sufficient sample of the data is obtained and that a relevant analysis is
performed. Given an average rate of page access, run duration can be computed by
first finding a data sample size necessary to achieve a pre-specified level of statistical
significance and by then dividing the sample size by the average rate of page access.
Thus. a test-duration computation is reduced to the problem of a sample size
computation. ‘

Sample-size computation, according to embodiments of the present
invention. is related to the computation of the factor-level effects and first-order
factor-level interactions. In other words, the problem can be formulated as follows:
one would like to compute a sample size, a number of visitors that are shown a each
factor level for the factor, such that the estimates of the factor-level effects satisfy a
pre-specified significance level. Notice that various test-duration-estimation input
parameters, including a control conversion rate and expected lift, are given in terms
of experiments rather than factor levels. The first step in the procedure is to
computationally transform the input parameters from the experiment domain to the
factor-levels domain. This step is defined in a following subsection entitled “Factorial

Transformation.”

Two methods for sample-size computation are described, below,
according to two different embodiments of the present invention. The first method is
based on Dunnett’s procedure and can be applied to a test and test design with an
arbitrary number of factor levels. This first method is described in a following
subsection entitled “Sample Size Computation Using Dunnett’s Procedure.” The
second method is based on the idea of statistical monitoring of clinical trials. This
method can be used for cases in which there are only two factor levels to compare.
This second method is described in a following section entitled “Sample Size

Computation Using Stochastic Curtailment.”

It should be again noted that the method embodiments of the present

invention are necessarily implemented by software programs that are executed on

PCT/US2011/023518
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electronic computers. Hand calculation would not be possible for providing real-time
estimates through automated testing services, and would generally be infeasible even
for non-real-time applications for all but the most trivial cases. The method
embodiments of the current invention are designed for incorporation into automated

5 services, and therefore are necessarily components of computational systems.

Factorial Transformation

In this subsection, a transformation that allows for converting data
given for experiments to factor-level-effects data is described. A statistical model

10 used for computation of factor-level effects and influences is first presented,
following which a model used for the factorial transformation is described. The basic
quantities to be estimated are the factor-level effects. An example statistical model
used for-estimation of factor-level effects-is provided, below, for a specific two-factor

fest:

y. = B, + BUxO(i) + BixI (D) + BIxI() + Byxy (D) + Byxs (D) + By xis () + ..

+BExH () + ¢,

15

(Equation 0.1)

where y,is a conversion rate for the i-the experiment (an observable), B, is the overall
. o o
mean, discussed above, £/, i=1,2 are factor level effects, ,B,,"’ , i=1,2are first-

order factor-level interactions effects, and &, is an error that includes the variability in

20 the data and the modeling crror. The notation x(i) is used to indicate that the value of
x is "1" when the x-containing term is included in the sum of terms for conversion
rate y;. and the value of x is "0" when the x-containing term is not included in the
terms that provides conversion rate y;. Thus, the right-hand side of the equation is a
gencralized list of possible candidate terms that can be included in the sum that

25 represents conversion rate y; for experiment Y, and from this list of candidate terms,
only those terms are selected for inclusion in the particular sum for conversion rate y;

which the term x(/) has the value "1." It is assumed that & are independent and



WO 2011/097328 s PCT/US2011/023518
5

identically distributed with mean zero. The quantities to be estimated are the
variously subscribed Bs. ' '
Taking expectation on the both sides of Equation 1, Equation 1.1 can

be written in matrix form as follows:

5 | = Xp
(Equation 0.2)

where ¥ is a vector of expectations of y, , X is a matrix of x{(i), and B is a vector of
B .cffect values. For example, for the two-factor test, with a full-factorial test design

including six experiments Y1, Yz, . . ., Ye:

By
I0
B
1t roo01 010000 0]} B
¥ 11000101000 0|05
0 7, v ot 01 0001 00 0f245
o1 0010001 00)47
Vs [ 001 1 00O0O0O0 1 Ofa;
5] 11001 0100000 1] N
1
§
Lﬂlzzl R

(Equation 0.3)

In addition, the following model constraints need to be satisfied:
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ﬂlu +:6|‘ +:B|2 =0

B+ B, =0

:Bl? +ﬂllzu +ﬁ|2:0 =0
|uzl +ﬂ|l2‘ + |!zI =0

ﬁlozo + I(?l| = 0 14
i+ By =0
s+ B85 =0

(Equation 0.4)

Essentially, these constraints indicate that all of the different factor-level effects, for a
given factor, sum to 0, which is another way to state, or constrain the model, to
consider the factor-level effects as perturbations with respect to the overall mean
effect B,. A similar constraint on the first-order feature-level-interaction cffects are
also provided in the above equations. Equations

Error' Reference source not found. and Error! Reference source not found. are

HyHl:

(Equation 0.5)

written together in matrix form as:

where 0is a vector of zeros of the appropriate dimension and His the constraint

matrix:

01 1 100000000
00001 1000000
000000101010
H=(0 000000101 01
0000007110000
00000000O0T1 1 00
0000000000 I I

(Equation 0.6)
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It can be shown that, for the full factorial model Error! Reference source not found.

. the columns of matrix X are not linearly independent, and the least square estimates

- X
of parc therefore not well defined. However, the columns of matrix X=[H] are

5 linearly independent and the least square estimates

(Equation 0.7)

are well-defined. Denote by X”an X matrix that corresponds to a fractional factorial
10 case which includes fewer rows corresponding to fewer experiments. X" can be
constructed from the X matrix for the full factorial case by eliminating some of the
rows according to a design matrix. In this case, the least square estimates are

computed as follows:

15 b= (xR)" (x*)y

(Equation 0.8)

where N*is the number of rows in the fractional factorial design and N is the

number of rows in the full factorial design.

20 " Methods for computing estimated values of level effects g are next
derived. The estimated values of the level effects B are computed by making
assumptions with regafd to the values of the conversion rates y;, when the conversion
rates have not been, or may not have been completely, observed. In other words, the
methods address the problem of determining a needed sample size for a test before

25 the test has begun or at different points in time while the test is being run, but before
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the test has terminated, with test termination determined as discussed above with
reference to Figure 24. The control experiment is generally the first experiment in
which all factor levels are 0, as shown in the first row of the experiment design
illustrated in Figure 23. Oficn, a conversion rate for the control experiment is known
5 prior to embarking on a test, since the web page corresponding to the control
experiment is a web page that has been used over some period of time prior to
embarking on testing. Optimal level effects, fs, are the level-effect values
corresponding to a set of factor levels that produce an optimal conversion rate. Three
different methods are employed, depending on three different sets of assumptions.
10 The first method is derived based on the assumption that the conversion rates of all
experiments but control and optimal arc cqual. The second method is based on the
assumption that the difference between dptimal and control level effects are equal for
all factors. Finally, the third method is based on the assumption that conversion rates

y, of all experiments other than control and optimal are equal and all control cffects
15 pcare equal. Analysis of the available data showed that the second method is the

most realistic.

Denote the variables of the control experiment by subscript or
superscript ¢. Suppose that the conversion rate for the control experiment, y_, is
given. Then equation Error! Reference source not found. for the control

20 experiment becomes,

Ye=Bo+ B+ B+ By

(Equation (0.9)

where ,B,; denote the factor-level-interaction effect for the control experiment and the overall

25 mean [, is
‘ N
.ﬂo - Xl-;yl

(Equation 0.10)
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where N is the number of cxperiments. Now, assume that a lift p of an optimal

experiment with respect to the control experiment is also given such that the

conversion rate of the optimal experiment y, is given by,
y‘l = y&' + pyc
(Equation 0.11)

Define 87" = y, - y.to be a difference between the optimal and control experiment.

From Error! Reference source not found.,

5 =py.
(Equation 0.12)

Also define 8% =y -y to be a difference between any other non-optimal

and the deltas

o

<lore
exp
have the same sign. Assuming that the ratio 03r=-(517sl is given, 87 can be

computed from 5.

Method 1: In order to compute the overall meanf,, notice that,

fromError! Reference source not found. and the assumption that conversion rates

of all other experiments, y,, with the exception of the control and the optimal

experiments, are equal, the following identity holds:

fo= (et p,+ (N =20)

(Equation 0.13)
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In some cases, when additional run-time data is available, it is preferable to use the
overall mean Error! Reference source not found. as an input instcad of the
conversion rate of the control experiment. In such cases, identity
Error! Reference source not found. gives a convenient way of computing the

conversion rate of the control experiment,

_ NB,
N+p(1+(N-2)r)

(Equation 0.14)

Ye

where N is the number of experiments, and pand r are defined above. Now, in order
to compute the factor-level effects, transformation

Error! Reference source not found. is used with y.,y,, and y, estimated using the

procedure described above.

Method 2: Alternatively, if one does not assume that that conversion rates of all other
experiments, y,, with the exception of the control and the optimal experiments, are
equal, but instead assumes that the difference benveen optimal and conrrol. levels for
all effects are equal, the second method is employed. Define 6,,i=1,...,k to be a

difference between the control and optimal levels of effect /. Notice that

=y = (B n B )= (B 4 )
=8 +--+6

- (Equation 0.13)

Assume that §' =---=&* =6, . Then from Error! Reference source not found. and

Error! Reference source not found.: '

(Equation 0.16)
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Assume also that if an effect has more than 2 levels, these levels are distributed

uniformly in the interval [,B,.‘,,B,"+5,’]. Define &;,i=1,....k to be a difference

between the levels. Notice that

i
i __ 9
, =

lev, ~1

) (Equation 0.17)

where lev,is the number of levels of effect . Then constraints

Error! Reference source not found. can be written as,
B +(B+6)+ (B +5;)+---+(,Bf +(lev, =2) 83} =0
(Equation 0.18)

10 From Error! Reference source not found.,

(1+2+-+(lev, —2) + (lev, -1))s, -

lev

t

i

(Equation 0.19)
- Also, an approximation to the overall mean is computed as follows:

_))r+))u «v(-+(l+p)y‘. 2+p

=507 2 -7
15 (Equation 0.20)

If the overall mean is specified as input, then, from

Error! Reference source not found.:
, =20
< 2 + p
(Equation 0.21)



WO 2011/097328

42

Method 2a: A variation of method 2. Suppose it is not assumed that the difference
between optimal and control levels for all effects are equal; but instead a lift nis
defined to represent a lift from the control level to'the next level such that the

diffcrence 6, = 17( B, + ﬂi")between these levels is discernable. Then the following

equation is the consequence of Error! Reference source not found.:

B ((l +...+(lev, = 1)) + Iev,.) =—(1+...+(lev, - 1))nB,
(Equation 0.22)

Simplify Error! Reference source not found. to get,

lev, — 1 . lev. — 1
1+ ! AR R,
( 5 U)ﬁ. 2 1,

(Equation 0.23)

lev, (lev, - 1)
3 .

where we used the identity I+..+(lev,~1)= From

Error! Reference source not found.,

(fev, - )y

A :—2+(Iev,,—])77 ¢

(Equation 0.24)

Method 3: Altetnatively, assume that conversion rates y, of all experiments other
than control and optimal are equal and all control effects are

equal, B = B = B, = B°. Then Error! Reference source not found. becomes,

y. =Py +kB°
(Equation 0.25)

where & is the number of the factor level effects and the overall mecan f, is computed

from Error! Reference source not found.. In this case, the control factor-level effect

influence is computed fromError! Reference source not found.,
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ﬁc = y{" - :Bo
k
(Equation 0.26)

20

Thus, by the three above-discussed methods, one can estimate the
values of the factor-level effects 8's from either a known control conversion rate Yo
and an expected lift from an optimal experiment and/or from an estimated median
effect fo. This allows the factor-level effects S to be estimated along any point of
the timeline shown in Figure 24 representing any point before launching of a test or
during a test run. Of course, once a reliable estimate for B can be obtained, from
the phase-change point onward, then the reliability and accuracy of the estimates of
the factor-level effects § significantly increase, with time, as more page-view results
are collected. Again, the purpose of the above-described methods for estimating the
factor-level effects is to allow a sample size to be computed before undertaking a test
and during a test run, from which the remaining amount of time needed to achicve a

particular significance level can be determined, by methods next discussed.

Sample Size Computation Using Dunnett’s Procedure

Dunnett’s selection procedure allows for selection of the best factor
level effects (for specific factors) compared to the control experiment. As a side
effect, the procedure provides a way for computing needed sample sizes. More
precisely, let x,,...,7,be Bernoulli populations with the unknown parameters
(probabilities of success) 8, i =1.....k . Let also 7,be a Bernoulli (control) population
with an unknown parameterd,, a probability of success of the control population.
Assume thaté, <---<6,. The goal is to select the population 7 ,if 6, <6, or the
population 7 ,otherwise. Then 6,i=1,...,kare the conversion rates of levels
i=1,....k. and 6,is the conversion rate of the control level. Suppose the following

conslants are specified before the test, &,,6,, and §,, —» <, <, 0<5,,5, <=, and

the probability values P, and P, 2™ < P,<I and (I—2"‘)<PI <1, such that
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Prob(select z,) = /) when 6, < 6, + 6,

Prob(select 7,) 2 P, when 6, 2 6, + 6, and 6, 2 6,_, + 6,

(Equation 0.27)

The probabilities P, and P, correspond to estimates of the significance level, or
probability of rejecting the Null hypothesis when the Null hypothesis is true, and the
5 power, or the probability of accepting the Null hypothesis when the Null hypothesis
is false. that, in turn, correspond to a specified significance level desired for the test.
In this context, the levels with conversion rates 8, 2 6, + &, are considered to be large

enough to be distinguished from control, and the constant &, represents the minimum

difference between the best and the second best conversion rates.
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Dunnctt’s Selection Procedure:

I Take n,observations from the control and n observations from the
i-th,i=1,...,k level population.

1 if conversion .
5 2. Let X,.,.,i=0,...,k,j=l,...,n,,X,.I = 0 otherwi , be observations.
otherwise

3. Compute the observed conversion rates

4. Define z, = arcsin(\/a) and z, = arcsin(\/a), i=1...k.

. o1 ' :
5. If z,<z,+¢ a’(—«r——-],z:l ..... k,sclect the control level. Otherwise,
noon,
zZ, -2
10 select the level corresponding to the largest value of S =1,k
11
__+.._-.
n, n
Remarks:

I. Notice that the Normal approximation to the binomial probability distribution

has been used. This approximation is appropriate for large sample sizes. In

15 addition, thearcsin variance-stabilizing transformation (3) has been applicd.
0.25

p

4.

The resulting variance o’is given by o’ =
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2. Frequently. n are chosen to be equal, n, =n, =---=n,, and n,is chosen to
Y. ) 2 « 0

satisfy n, = Rn,, where the ratio R = Dojs specified by the user. Then the total
n

sample size is n, =n, +kn,.

3. The parameters n,n,.i=l,...,k, and care chosen so that the probability

5 requirements Error! Reference source not found. are guaranteed. It can be

shown (1) that the parameters satisfy the following identities:

(Equation 0.28)

where # is the solution to,

10 jﬁcp z 2o b f1+ 0 | p(2)dz = P,
- 1=l ) Ry n, o ’
(Equation 0.29)

and where @(-) and ¢(-)are the cumulative distribution function and the probability

density function, respectively, of the standard normal distribution.
And, using definitions of Remark 2,
15 “fom EA O 8 Jn, Y ) ( a')‘«
Ll I N S z- Rzl = b -2 Yz = P,
] [ ,/a!(R+k)) { N [ [ VR RS, Jm b
(Equation 0.30)

where parameter m, (0<m<k— I) , gives the number of levels, other than the

optimal one, that can achieve the value 6, - &,, the remaining k —ni—1levels

are assumed to have values equal to the control conversion rate 8, .
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4. The definitions of the constants &,,6,, and J. thal appear in
Error! Reference source not found., Error! Reference source not found., and

Error! Reference source not found. in terms of the constants J,,6, , and 4, are

as follows

S, =arcsin( 0, + 9, ) arcsm( 90)
5 8 :arcsin(,/a +96, ) arcsm(\/a)
s = arcsin(\/a) —arcsin(,/@,‘ -4, )

(Equation 0.31)

[4

Nw

Remark 3 and identities Error! Reference source not found.
Error! Reference source not found., and Error! Reference source not found. can
be used to construct a procedure for computing sampie sizes at the beginning of the

10 test (fixed sample sizes).

Thus, in order to determine the required sample size to obtain a

predefined statistical confidence or significance, the identity shown as equation 0.30,
above, is used to solve for the sample size nm, which provides a sample size
sufficiently large to reject the Null hypothesis, namely ‘that the conversion rates

15 attributable to differences in the levels of a particular factor are too small to conclude,
with a predefined statistical significance or power, that selecting one level from
among the factor levels for the factor will produce a higher conversion rate. This

method produces an estimated sample size n, for each factor.

20 Dunnett’s Fixed Sample Sizes Computation Procedure:

I. Specify the control level conversion rated,, constants 8,,6,, and &, , size
ratio R, and the probabilities £, and A, .

2. Compute 5,5, and &, according to Error! Reference source not found..
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3. Compute ¢ from Error! Reference source not found. such that h satisfies

Error! Reference source not found..

4. Find n,so that Error! Reference source not found. is satisficd.

Remarks:

5 1. The control level conversion rate 6, is either known from baseline tests or is
given based on the design considerations.

2. Constant &, is usually set to 0.

3. Constant &, is computed fromError! Reference source not found., and then

. .0,
constant &, is computed from the ratio 3—
1

10 4. Variable h in Error! Reference source not found. is the equicoordinate

100P,% point of multivariate normal distribution with correlation matrix with

entries]—l——,i#-j. Then, if F,is given, h can be computed using R function

gmvnorm, £ =gmvnorm(P0, sigma = cov.mtx, tail = "lower"); alternatively if

a significance level « is given, h=qnorm(l - a).

15 5. In order to accomplish step 4 of the procedure, a root finding algorithm (e.g.

secant method) can be used to find roots of the non-lincar equation
F(n)=0where F(n)="F—Int(), where Ini() is the integral in the left-hand
side of Error! Reference source not found.. Then the #, found in this way is a
lower bound on an integer nsuch that n, =n,+kn,n, = Rn with n,and

20 n, integers. An integer-programming problem can then be formulated as:
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min x, + kx,
subject to

x, + ke, 2 n,
x, - Rx, =0,

where x,and x,are integers.

Sample Size C_ompulation Using Stochastic Curtailment

The procedure described in this section can be applied to two-level
effects only. It is based on the idea of stochastic curtailment. This procedure allows
for computation of the fixed-size sample size per level and for updates of the sample
size based on the data obtained during the test. In general, per-arm sample size

formulais

(zany2p(1=p) + 2,2 (1- )+ P (1- 1).)):
n= 5 »

(l)c - pl)
(Equation 0.32)

where p, is the conversion rate of the control level, p, is the conversion rate of level
D+ Py . . .
R p=l—‘-2—&|s the pooled conversion rate, z,,is the two sided (I-a)standard

normal quintile, and  z,is the onc-sided (1 - B) standard normal quintile. 1t is

assumed that the significance levela, power(l - §), and the lift y = P are given.

Suppose now that, after some testing, a new set of data is obtained that gives the

pooled conversion rate (computed as a ratio between all conversion and all

~ pageviews) p. Continue to assume that the lift isy. The following system of

equations for p_and p, is the solved:
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pc+l)l -—
5 P
n_,
pe

(Equation 0.33)

The solution to Error! Reference source not found. is:

__2p
p’-2+7
pl =(l+y)p<

5 (Equation 0.34)

The values obtained from Error! Reference source not found. in
Error! Reference source not found. can be used to compute the per-arm sample

sizes.

{0 Computation of Sample Size per Experiment

In order to compute corresponding duration of the test, sample sizes
are computed per experiment and then, based on these computed sample sizes, for the
overall test, and then that number is divided by the average page views per day to
generate an expected duration time. More specifically, the following procedure

15 accomplishes this task.

Run Duration Computation Procedure

Given:

1. A number of experiments, V.

20 2. A list of sample sizes per factor, s.eff.

3. A list of number of appearances of effect levels, num.appear.
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4. An average page views per time increment, ave.pageviews.

Step 1. Compute a sample size per experiment by considering the sample sizes per

effect levels relevant to the experiment, as follows,

( ( s.eff ))
5 s.exp = maxj round| ————
‘ num.appear

(Equation 0.35)

Step 2. Compute a sample size for the overall test as follows

s.test = NV xs.exp

(Equation 0.36)

10 where s.exp is computed from Error! Reference source not found..

Step 3. Choosc an appropriate sample size for the overall test, s.test. The options arc:

min, max, median.

15 Step 4. Compute test duration as follows,

»

s.test
ave.pageviews

test.duration=
Although the present invention has been described in terms of
particular embodiments, it is not intended that the invention be limited to these
20 embodiments. Modifications will be apparent to those skilled in the art. For
example, test-duration estimation procedures can be implemented in many different

ways, by varying any of the many implementation parameters, including
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programniing language, control structures, data structures, modular organization,
operatig-system platform, and other such implementation variables.

The foregoing description, for purposes of explanation, used specific

nomenclature to provide a thorough understanding of the invention. However, it

5 will be apparent to one skilled in the art that the specific details are not required in

order to practice the invention. The foregoing descriptions of specific embodiments

of the present invention are presented for purpose of illustration and description.

They are not intended to be exhaustive or to limit the invention to the precise forms

disclosed. Many modifications and variations are possible in view of the above

10 teachings. The embodiments are shown and described in order to best explain the

principles of the invention and its practical applicaﬁons. to thereby enable others

skilled in the art to best utilize the invention and various embodiments with various

modifications as are suited to the particular use contemplated. It is intended that the

scope of the invention be defined by the following claims and their equivalents:
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CLAIMS

1. A method for estimating a duration of an automated web-page test comprising:
finding a sample size necessary to achieve a pre-specified level of statistical
significance by computing a sample size such that estimates of the factor-level effects satisfy

a specified significance level; and

dividing the sample size by the average rate of page access.
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