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(57) Abstract: Methods, systems, and apparatus, in-
cluding computer programs encoded on a computer
storage medium, for identifying groups for which to
provide its members with content items. In one aspect,
a method includes identifying, for a particular user ac-
tion performed in response to presentation of a content
item and based on performance data, an overall cost-
per-action measure specifying a cost for obtaining the
particular user action. The performance data can be
grouped into demographic groups. The demographic
groups can be arranged in a sequence. Subsets of
demographic groups that each includes one or more
contiguous demographic groups are identified. An im-
provement measure that specifies a difference between
the overall cost-per-action measure for the particular
user action and a subset cost-per-action measure for
the particular user interaction can be determined for at
least some of the subsets. A particular subset can be se-
lected for providing the content item based on the im-
provement measures.
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IDENTIFYING GROUPS FOR CONTENT ITEM DISTRIBUTION

BACKGROUND

The Internet enables access to a wide variety of resources. For example, video,
audio, web pages directed to particular subject matter, news articles, images, and other
resources are accessible over the Internet. The wide variety of resources that are
accessible over the Internet has enabled opportunities for content distributors to provide
content items with resources that are requested by users. Content items are units of
content (e.g., individual files or a set of files) that are presented in/with resources (e.g.,
web pages), for example, in response to a content item request that is initiated by code
included in, or associated with, the resource. An advertisement is an example of a
content item that advertisers can provide for presentation with particular resources,

such as web pages and search results pages.

SUMMARY

This specification describes technologies relating to content item distribution.

In general, one innovative aspect of the subject matter described in this
specification can be embodied in methods that include the actions of obtaining
performance data for a content item campaign; identifying, for a particular user action
performed in response to presentation of a content item and based on the performance
data, an overall cost-per-action measure specifying a cost for obtaining the particular
user action; grouping the performance data into demographic groups using
demographic-based criteria for each demographic group and demographic data for
users that received content items of the content item campaign; arranging the
demographic groups in a sequence using the demographic-based criteria for the
demographic groups; identifying subsets of the demographic groups that each include
one or more contiguous demographic groups from the sequence of demographic groups;
for each of at least some of the subsets: determining, based on the performance data for
the subset, an improvement measure specifying a difference between the overall cost-
per-action measure for the particular user action and a subset cost-per-action measure
for the particular user interaction, the subset cost-per-action specifying a cost for
obtaining the particular user interaction from a user in the demographic groups of the
subset; and selecting a particular subset of demographic groups for providing the

content item based at least on the determined improvement measures. Other



10

15

20

25

30

WO 2015/032096 PCT/CN2013/083146

embodiments of this aspect include corresponding systems, apparatus, and computer
programs, configured to perform the actions of the methods, encoded on computer
storage devices.

These and other embodiments can each optionally include one or more of the
following features. The demographic-based criteria for each demographic group can
specify an age range for users that have received a content item of the content item
campaign. Arranging the demographic groups in a sequence can include arranging the
demographic groups in an ordinal sequence based on the age range for each
demographic group. Each subset of demographic groups can include two or more
demographic groups that are adjacent in the ordinal sequence.

The demographic-based criteria for each demographic group can specify a
predicted gender for users that have received a content item of the campaign and a
confidence that the users are the predicted gender. Arranging the demographic groups
in a sequence can include arranging the demographic groups in a sequence based on the
predicted gender. The particular user action can be a content item selection or a
conversion.

Selecting a particular subset of demographic groups for providing the content
item can include: identifying, as candidate subsets, each subset of demographic groups
that has an improvement measure that meets an improvement threshold; identifying a
conversion share for each candidate subset, the conversion share for a particular
candidate subset being based on (a) a number of conversions resulting from providing
content items of the content item campaign to users identified as being members of a
demographic group of the candidate subset and (b) a total number of conversions for
content items of the content item campaign; and selecting the particular subset of
demographic groups based on the conversion shares for the candidate subsets.

Selecting a particular subset of demographic groups for providing the content
item can include: identifying, as candidate subsets, each subset of demographic groups
that has an improvement measure that meets an improvement threshold; identifying a
selection share for each candidate subset, the selection share for a particular candidate
subset being based on (a) a number of selections of content items of the content item
campaign resulting from providing content items of the content item campaign to users
identified as being members of a demographic group of the candidate subset and (b) a

total number of selections for content items of the content item campaign; and selecting
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the particular subset of demographic groups based on the selection shares for the
candidate subsets.

Selecting a particular subset of demographic groups for providing the content
item can include: identifying, for each subset of demographic groups, a spend share
using (a) an amount of money spent in response to providing content item of the
content item campaign to users identified as being members of a demographic group of
the subset of demographic groups and (b) a total amount of money spent in response to
providing content items of the content item campaign; identifying, as candidate subsets,
each subset of demographic groups that has a spend share that is less than a spend share
threshold; and selecting the particular subset of demographic groups from the candidate
subsets based on the determined improvements for the candidate subsets.

Selecting a particular subset of demographic groups for providing the content
item can include: identifying, as candidate subsets, each subset of demographic groups
that has an improvement measure that meets an improvement threshold; identifying, for
each candidate subset, a spend share using (a) an amount of money spent in response to
providing content item of the content item campaign to users identified as being
members of a demographic group of the candidate subset and (b) a total amount of
money spent in response to providing content items of the content item campaign;
filtering from the candidate subsets each candidate subset that has a spend share that
meets a spend share threshold; identifying a conversion share for each remaining
candidate subset, the conversion share for a particular candidate subset being based on
(a) a number of conversions resulting from providing content items of the content item
campaign to users identified as being members of a demographic group of the
candidate subset and (b) a total number of conversions for content items of the content
item campaign; and selecting, from the remaining candidate subsets, the particular
subset of demographic groups based on the conversion shares for the remaining
candidate subsets.

Particular embodiments of the subject matter described in this specification can
be implemented so as to realize none, one, or more of the following advantages.
Performance measures, such as cost-per-click measures and/or cost-per-conversion
measures, realized by distributing a content item to members of a subset of
demographic groups (e.g., a contiguous subset of demographic groups) can be

improved relative to distributing the content item to the population in general or other
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demographic groups outside of the subset. The performance measures can be improved
without limiting the audience for the content items by selecting subsets having at least a
threshold selection share or at least a threshold conversion share for the content item.
The details of one or more embodiments of the subject matter described in this
specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages of the subject matter will become apparent from

the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an example environment in which a content
distribution system distributes content.

FIG. 2 is a flow chart of an example process for identifying a subset of
contiguous demographic groups for recommendation.

FIG. 3 is a flow chart of an example process for filtering candidate subsets of
demographic groups.

FIG. 4 depicts a graph of improvement measures and action shares for subsets
of demographic groups.

FIG. 5 is block diagram of an example computer system.

Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION

A system can identify and recommend a set of demographic groups (e.g., one,
two, or more different demographic groups) for providing content items (e.g.,
advertisements, videos, images, etc.) that improves cost per action measures (e.g., cost
per click or cost per conversion measures), while minimizing restrictions on audience
size (content item inventory). For example, a content item provider may be interested
in identifying age group(s) (e.g., from multiple different predefined age groups) to
provide content items such that the cost-per-action for a particular user action (e.g.,
content item selection or conversion) is reduced while still providing the content item
to a sizeable audience. The system can organize the age groups into a sequence (e.g.,
an ordinal sequence) and compute performance measures and optionally other metrics
for each contiguous subset of two or more age groups. Based on the computed

performance measures and/or other metrics, the system can identify a particular subset
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of the different age groups, and suggest that content items be distributed based on the
subset. For example, the subset can be included in distribution parameters for the
content items and/or bids associated with the distribution parameters can be modified in
a manner that causes the content items to be selected more often to be provided to users
within the particular subset of age groups relative to other age groups. A similar
process can be used for other demographic groups, such as gender groups, income-
based groups, location-based groups, etc.

In some implementations, the system can identify candidate subsets of
contiguous demographic groups for a content item campaign based on an improvement
measure for each subset. The improvement measure for a subset of demographic
groups may be based on an improvement (or a difference) in a cost-per-action measure
(e.g., cost-per-click measure or cost-per-conversion measure) for the subset relative to
an overall cost-per-action measure for the campaign. For example, the cost-per-action
for a particular age group (or other demographic group) may be 15% less than the
overall cost-per-action for the entire campaign. The system may identify, as candidate
subsets, those subsets that have an improvement measure that meets an improvement
threshold (e.g., 5%, 10%, 20%, or another number).

If there are no candidate subsets that have an improvement measure that meets
the improvement threshold, the system may not identify a subset that is recommended
for providing content items. If there is a single candidate subset that has an
improvement measure that meets the improvement threshold, the system may
recommend that candidate subset. If there are multiple candidate subsets that have an
improvement measure that meets the improvement threshold, the system may select the
candidate subset that has the highest (or a threshold) conversion or selection share
(described below), or evaluate other metrics, such as spend share for the candidate
subsets.

For example, the system may filter from the candidate subsets, those subsets
that have a spend share that exceeds a spend share threshold. The spend share for a
candidate subset of demographic groups can be based on an amount spent related to
providing content items of a content item campaign to users identified as being
members of a demographic group of the candidate subset and the total money spent for
the campaign. For example, the spend share may be the ratio between the amount of

money spent for the candidate subset and the total money spent for the campaign. This
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filter can be used to ensure that providing content items to the demographic groups of
the selected subset will make a practical difference. For example, recommending a
demographic group whose spend share is already high (e.g., 99%) is unlikely to
significantly improve performance measures for the campaign.

The system may also filter from the candidate subsets, those subsets that have a
selection share or a conversion share that does not meet a threshold selection or
conversion share threshold. The conversion share for a candidate subset of
demographic groups can be based on a number of conversions that have resulted from
providing content items of the campaign to users that have been identified as being
members of a demographic group of the candidate subset and a total number of
conversions for the campaign. Similarly, the selection share for a candidate subset of
demographic groups can be based on a number of content item selections (e.g., user
selections) that have resulted from providing content items of the campaign to users
that have been identified as being members of a demographic group of the candidate
subset and a total number of content item selections (e.g., by users) for the campaign.
This filtering helps ensure that demographic groups with low conversion rates or low
selection rates are not selected for recommendation.

For situations in which the systems described here collect information about
users, or may make use of information about users, the users may be provided with an
opportunity to control whether programs or features collect user information (e.g.,
information about a user’s social network, social actions or activities, profession, a
user’s preferences, or a user’s current location), or to control whether and/or how to
receive content from the content server that may be more relevant to the user. In
addition, certain data may be treated in one or more ways before it is stored or used, so
that certain information about the user is removed. For example, a user’s identity may
be treated so that no identifying information can be determined for the user, or a user’s
geographic location may be generalized where location information is obtained (such as
to a city, ZIP code, or state level), so that a particular location of a user cannot be
determined. Thus, users may have control over how information is collected about
them and used by a content server.

FIG. 1 is a block diagram of an example environment 100 in which a content
distribution system 130 distributes content items to user devices 106. The example

environment 100 includes a network 102 such as a local area network (LAN), wide area
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network (WAN), the Internet, or a combination thereof. The network 102 connects
websites 104, user devices 106, advertisers 108, and the content distribution system 130.
The example environment 100 may include millions of websites 104, user devices 106,
and advertisers 108.

A website 104 is one or more resources 105 associated with a domain name and
hosted by one or more servers. An example website is a collection of web pages
formatted in hypertext markup language (HTML) that can contain text, images,
multimedia content, and programming elements, e.g., scripts. Each website 104 is
maintained by a publisher, e.g., an entity that manages and/or owns the website 104.

A resource 105 is data provided by the website 104 over the network 102 and
that is associated with a resource address. Resources include HTML pages, word
processing documents, and portable document format (PDF) documents, images, video,
and feed sources, to name only a few. The resources can include content 118, e.g.,
words, phrases, images and sounds that may include embedded information (such as
meta-information in hyperlinks) and/or embedded instructions (such as scripts).

A user device 106 is an electronic device that is capable of requesting and
receiving resources over the network 102. Example user devices 106 include personal
computers, mobile communication devices, and other devices that can send and receive
data over the network 102. A user device 106 typically includes a user application,
such as a web browser, to facilitate the sending and receiving of data over the network
102.

A user device 106 can request resources 105 from a website 104. In turn, data
representing the resource 105 can be provided to the user device 106 for presentation
by the user device 106. The data representing the resource 105 can include resource
content 118 (e.g., text, images, videos, etc. of the resource 105) and content item slots
120 (e.g., advertisement slots). When a resource 105 having a content item slot 120 is
requested by a user device 106, the content distribution system 130 receives a content
item request 116 requesting content items to be provided with the resource content 118.

A content item request 116 can include data regarding the content item slots 120
(e.g. size or type of content item slot), data regarding the resource 105 on which the
content item will be presented (e.g., category or keywords found on the resource, data

regarding publisher of resource, etc.), and/or other data. If the content items are to be
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presented in content item slots 120 of a search results page, the content item request
116 may include keywords of a search query submitted to a search system.

The content distribution system 130 allows advertisers 108 or other content item
providers to define campaign rules that take into account attributes of content item slots
and resources on which content items (e.g., advertisements, videos, images, etc.) are to
be presented. Example campaign rules include keyword rules, in which an advertiser
108 provides bids for keywords that are present in either search queries or resource
content 118. A bid represents a value that an advertiser 108 is willing to pay in
response to a presentation of the content item (e.g., cost-per-impression bid), an
interaction with the content item (e.g., cost-per-click bid), or a conversion that occurs in
response to providing the content item (e.g., cost-per-conversion bid). Content items
that are associated with keywords having bids that result in a content item slot 120
being awarded in response to an auction (or another selection process) are selected for
displaying in the content item slots 120.

When a user of a user device 106 selects an advertisement, the user device 106
generates a request for a landing page of the advertisement, which is typically a web
page of the advertiser 108. For example, the advertisers 108 may each have respective
web pages, some of which are landing pages for the advertisements of the advertisers
108.

The content distribution system 130 includes a data storage system that stores
campaign data 136, and performance data 138. The campaign data 136 stores content
items (e.g., advertisements), campaign information, bid values for content items, and/or
budgeting information for advertisers 108. The performance data 138 stores data
indicating the performance of the content items that are served. Such performance data
can include, for example, a number of user selections (e.g., clicks) and click-through
rates for content items, the number of impressions for content items, the number of
conversions and conversion rates for content items, and/or spend data.

A click-through may occur, for example, when a user device, e.g., user device
106, interacts with or “clicks” on a content item, and the user interaction or click of a
content item can be referred to as a user selection of the content item. The click-through
rate for a content item can be a performance measure that is obtained by dividing the
number of times users clicked on the content item or a link associated with the content

item by a number of times the content item was delivered to a user device. For
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example, if a content item is delivered 100 times, and the content item receives three
clicks (or other user selections), the click-through rate for the content item is 3%.

A “conversion” occurs when a user, for example, consummates a transaction
related to a previously served content item. What constitutes a conversion may vary
from case to case and can be determined in a variety of ways. For example, a
conversion may occur when a user of a user device 106 selects a content item, is
referred to a web page of the content item provider (e.g., advertiser 108), such as an
advertisement landing page, and consummate a purchase before leaving that web page.
Other conversion types can also be used, and user actions that constitute the different
types of conversions can be specified by content item providers. A conversion rate for
a content item can, for example, be defined as the ratio of the number of conversions of
the content item to the number of impressions of the content item (e.g., the number of
times the content item has been rendered or delivered), or the ratio of the number of
conversions to the number of user selections.

The spend amounts can include, for each user selection or conversion of a
content item, an amount the content provider is charged for the user selection or
conversion. In some implementations, the content item provider is charged an amount
based on a cost-per-click bid or cost-per-conversion bid provided by the content item
provider in response to a content item selection or conversion, respectively. In some
implementations, the content item provider is charged an amount based on a next
highest cost-per-click bid or cost-per-conversion bid in response to a content item
selection or conversion, respectively. For example, the content item provider may be
charged an amount above the next highest cost-per-click or cost-per-conversion bid
(e.g., the content item provider’s bid is the highest, but is charged an amount above the
second highest bid). The cost-per-click and cost-per-conversion amounts charged (or to
be charged) to the content item provider can be stored for each content item selection
and for each conversion.

The spend data can also include total amounts spent for content items and/or
total amounts spent for content item campaigns that can be used to distribute multiple
different content items based on various campaign rules. The total amount spent for a
content item may include costs for each type of bid. For example, the total amount

spent for a content item may include costs charged to the content item provider for
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impressions, user selections, and conversions. The total cost for a campaign may be the
sum of the total amount spent for each content item in the content item campaign.

The performance data 138 can also include, or be used to determine, cost-per-
action measures. A cost-per-action is an amount paid when a content item causes a
particular user action. Example cost-per-action measures include cost-per-click
measures and a cost-per conversion measures. A cost-per-click measure for a content
item can represent an average (or mean, median, or other measure of central tendency)
amount that the content item provider is charged for user selections of the content item.
For example, a content item provider may provide a cost-per-click bid that the content
item provider is willing to pay an entity (e.g., an entity that operates the content
distribution system 130) for each user selection of the content item. When the content
item is provided and selected (e.g., by a user), the content item provider may be
charged an amount based on the cost-per-click bid (e.g., the bid amount or amount
above a next highest bid amount). In addition, the content item provider may provide a
different cost-per-click bid for different contexts. For example, the content item
provider may be willing to pay more for a user selection of a sports-related
advertisement when the advertisement is provided with a sports-related web page than
if the advertisement is provided with a web page directed to gardening. Thus, the cost
for a user selection of the content item may vary for each user selection. The cost-per-
click measure can represent an average cost-per-click for the content item for all
impressions of the content item or for certain groups of impressions.

Similarly, a cost-per-conversion measure can represent an average (or mean,
median, or other measure of central tendency) amount that the content item provider is
charged for each conversion that is attributed to the content item. For example, a
content item provider may provide a cost-per-conversion bid that the content item
provider is willing to pay an entity (e.g., an entity that operates the content distribution
system 130) for each conversion that occurs following user interaction with the content
item. When a conversion occurs in response to providing the content item, the content
item provider may be charged an amount based on the cost-per-conversion bid (e.g., the
bid amount or amount above a next highest bid amount). Similar to costs paid for user
selections, the amount paid for a conversion can vary for each conversion. The cost-

per-conversion measure can represent an average cost-per-conversion for the content
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item for all impressions of the content item or for certain groups of impressions (e.g.,
impressions for a particular demographic group).

The stored performance data 138 can include overall performance data for each
content item and/or each content item campaign. For example, the performance data
138 may include an overall click-through rate, an overall number of impressions, and/or
an overall conversion rate for each content item and for each content item campaign.
The performance data 138 can also include an overall cost-per-click measure and
overall cost-per-conversion measure for each content item and for each content item
campaign.

In addition, the performance data 138 for each content item and/or each content
item campaign can be delineated based on demographic groups. For example,
demographic data for a user that selects a content item or takes an action that
constitutes a conversion for the content item can be identified or estimated and stored
with (or with a reference to) data regarding the user selection or conversion. Using the
demographic data, the content distribution system 130 can organize the performance
data 138 into demographic groups, such as a set of predefined demographic groups.
Each demographic group can be based on a particular demographic criterion, such as
age, gender, income, geographic location, or some other data that can be used to
segment users.

Example age-based demographic groups may each include a range of ages. For
example, there may be a group for users that are 18-24, another group for users that are
25-30, another group for users that are 31-35, and so on. Groups based on income or
other numerical-based criteria can be divided into groups similarly.

Non-numerical demographics, such as gender, can be based on a confidence in
the demographic data for the users. For example, there may be a male group for
performance data for which there is a high confidence (e.g., greater than a confidence
threshold) that the user that selected the content item or completed a conversion event
is amale. Similarly, there may be a female group for performance data for which there
is a high confidence (e.g., greater than a confidence threshold) that the user that
selected the content item or completed a conversion event is a female. There may also
be a “male, unknown” group for performance data for which the user is predicted to be
male, but the confidence is lower (e.g., lower than a confidence threshold). Similarly,

there may be a “female, unknown” group for performance data for which the user is
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predicted to be female, but the confidence is lower (e.g., lower than a confidence
threshold).

In some implementations, the demographic groups may be predefined for all
content items and/or content item campaigns, for sets of content items and/or content
item campaigns, or for each content item and/or content item campaign. For example,
the demographic groups may be defined prior to the start of a content item campaign.
In this example, the performance data collected for the campaign may be organized into
the predefined demographic groups based on the criteria for the groups (e.g., age range,
gender, etc.) and demographic data for the users that interact with the content items.

The content distribution system 130 also includes a demographic group
recommendation system 132. The demographic group recommendation system 132
can identify one or more subsets of demographic groups to recommend as an audience
for a content item and/or for a content item campaign. As described in more detail
below, the demographic group recommendation system 132 can identify the groups
based on performance data for the groups. Once identified, the demographic group
recommendation system 132 can generate a lead list 140 that specifies the
recommended subset(s) of demographic groups. The example lead list 140 specifies
the age groups 18-24, 25-29, and 30-34. The lead list 140 also identifies gender
categories male and male, unknown. The demographic group recommendation system
132 can provide the lead list 140 to the content item provider. In turn, the content item
provider may provide more content items to the recommended groups in order to
improve performance measures for the content items. In an auction-based system, the
content distribution system 130 may modify bids for the content item provider’s
content items such that the content items are provided more often to the recommended
demographic groups. For example, the content distribution system 130 may increase
the bids for the content items in response to a prediction or determination that the user
receiving the content item is a member of a recommended demographic group.
Consider, for example, the lead list 140. In this example, the content distribution
system 130 may increase the content item’s bid for a user identified as being between
18 and 34 years old as these ages have been identified for recommendation. In addition,
the bids for providing the content item to users identified as belonging to another age
group (e.g., 65+), may be lower as these age groups have not been identified for

recommendation.
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In some implementations, the demographic group recommendation system 132
identifies subsets of contiguous demographic groups for recommendation. For example,
a recommendation that identifies the age groups “18-24,” “40-45,” and “65-70” may
not be as useful to a content item provider as a recommendation that identifies
contiguous groups as it may be more difficult to adjust a campaign to increase the
distribution to these separated groups. Thus, the demographic recommendation system
132 can identify, for recommendation, subsets of contiguous demographic groups based
on performance measures for the subsets, as these contiguous demographic groups may
be more likely to respond to similar content items and the resulting cost-per-action may
be better (e.g., lower) relative to the population as a whole or other demographic groups.

FIG. 2 is a flow chart of an example process 200 for identifying a subset of
contiguous demographic groups for recommendation. Operations of the process 200
can be implemented, for example, by a data processing apparatus, such as the
demographic group recommendation system 132 of FIG. 1. The process 200 can also
be implemented as instructions stored on computer storage medium, and execution of
the instructions by a data processing apparatus can cause the data processing apparatus
to perform the operations of this process 200.

Performance data is obtained for a content item campaign (202). The content
item campaign may be associated with a content item provider and can include one or
more content items, such as advertisements, that are provided to users. The
performance data for the content item campaign can include data such as, a number of
user selections of the content item(s) of the campaign, a number of conversions
attributed to the content item(s) of the campaign, cost-per-click measures, cost-per-
conversion measures, campaign and content item spend data, and optionally other
performance data.

An overall cost-per-action measure for a particular user action is identified for
the content item campaign (204). The particular user action may be an interaction with
a content item of the campaign (e.g., a user selection of the content item), or a
conversion that occurs in response to providing a content item of the campaign (e.g., a
purchase of a product). Thus, the overall cost-per-action measure may be an overall
cost-per-click measure or an overall cost-per-conversion measure. In some
implementations, as described in more detail below, both example types of cost-per-

action measures can be used.
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The overall cost-per-action measure may be based on the costs for the particular
action for each of the one or more content items of the campaign. For example, the
overall cost-per-action measure may be an average (or other measure of central
tendency, such as a median) cost for obtaining the particular user action across all
content items of the campaign.

The performance data is grouped into demographic groups (206). The
performance data may be grouped into predefined demographic groups based on
demographic-based criteria for each demographic group and demographic data for
users that received content items of the content item campaign. For example, the
performance data may be grouped into predefined age-based groups based on age range
criteria (e.g., ages 18-24) for each demographic group. In this example, performance
data regarding a content item when the content item is presented to a user that is
identified or predicted to be between the ages of 18 and 24 (e.g., 20) may be grouped in
the demographic group for users in the 18-24 age range. Similarly, performance data
regarding the same content item when the content item is presented to a user that is
identified or predicted to be between the ages of 25 and 29 (e.g., 26) may be grouped in
the demographic group for users in the 25-29 age range.

In some implementations, the performance data is grouped into demographic
groups based on a single type of demographic criteria. For example, the groups can be
based on one of age, gender, or income, but not a combination of two or more criteria.
That is, there may not be groups based on age and gender, in some implementations.
For such implementations, the process 200 may be executed individually for each type
of demographic data. In some implementations, the performance data can be grouped
based on a combination of two or more demographic criteria.

The demographic groups are arranged in a sequence using the demographic-
based criteria for the demographic groups (208). For number-based demographic
groups, such as age or income groups, the demographic groups may be arranged in an
ordinal sequence. For example, age-based groups may be arranged in an ascending
sequence from the group having a particular range (e.g., 18-24) to a group having a
different range (e.g., 65+). Similarly, income-based groups may be arranged in an
ascending sequence from the group having the lowest income range (e.g., $0 - $15K

per year) to the group having the highest income range ($200K+ per year).
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For demographic-based groups that are not based on numbers, the demographic
groups may be arranged in a sequence that is appropriate for the demographic-based
criteria. For gender-based groups, the groups may be arranged based on predicted
gender. For example, the gender-based demographic groups may be arranged in the
following sequence: Male -> Female -> Male, Unknown -> Female, Unknown -> Male,
Female. Alternatively, the gender-based groups may be arranged in the following
sequence: Male -> Male, Unknown -> Male, Female — Female, Unknown -> Female.
In these example sequences, the group “Male” may be for performance data for users
identified as being male with high confidence (e.g., greater than a confidence threshold);
the group “Female” may be for performance data for users identified as being female
with high confidence (e.g., greater than a confidence threshold) the group “Male,
Unknown” may be for performance data for users identified as being male with low
confidence (e.g., less than a confidence threshold); the group “Female, Unknown” may
be for performance data for users identified as being female with low confidence (e.g.,
less than a confidence threshold); and the user “Male, Female” may be for performance
data for users in which the gender could not be identified, or could only be identified
with little confidence (e.g., less than a threshold).

Subsets of demographic groups are identified (210). Each identified subset can
include two or more contiguous (or adjacent) demographic groups from the sequence.
For example, consider age-based groups. Each identified subset can include at least
two contiguous age groups. For example, a subset may include the age group “18-24”
and the age group “25-30” as the two contiguous age groups. Another subset may
include the age groups “18-24,” “25-30,” and “31-35.”

In some implementations, each identified subset may only include contiguous
groups. For example, an identified subset may include the age groups “18-24,” “25-30,”
and “31-35,” but a subset of “18-24,” “25-30,” and “35-40” may not be eligible for
recommendation as the age groups “25-30,” and “35-40 are not contiguous. Each
possible subset of demographic groups that include only contiguous demographic
groups may be identified, in some implementations.

In some implementations, subsets of demographic groups that include non-
contiguous demographic groups may be eligible for recommendation. For example,
subsets that are the complements of a sequence of contiguous demographic groups may

be eligible. To illustrate, consider the subset that includes the age groups “25-34,” “35-
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44, and “45-54.” A subset of age groups that is the complement of this group may be
the age groups “18-24,” “55-64,” and “65+.” Although the age groups of the
complement subset are not contiguous, the complement subset may be eligible because
the age groups of the original set (25-34, 35-44, and 45-54) are contiguous. In some
implementations, subsets of contiguous age groups and their complements may be
eligible for recommendation and thus, identified.

For each of at least some of the identified subsets of demographic groups, an
improvement measure is determined (212). The improvement measure for a subset
specifies a difference between the overall cost-per-action measure for the particular
user action (e.g., selection or conversion) and a subset cost-per-action measure for the
particular user action. Whereas the overall cost-per-action measure specifies an overall
cost for obtaining the particular user action for the content item campaign (e.g.,
irrespective of the demographics of the users that performed the particular action), the
subset cost-per-action measure can specify a cost for obtaining the particular user
action from users identified in the demographic groups of the subset.

For example, the subset cost-per-action measure may be the average (or other
measure of central tendency) cost for obtaining the action for each occurrence of the
action by a user identified as being a member of a demographic group of the subset. As
an example, consider a subset that includes the age groups “18-24” and “25-30.” In
this example, people between 25-30 years old select a content item of the campaign and
the content item provider is charged $1 for each selection on average. In addition,
people between 18-24 years old select a content item of the campaign and the content
item provider is charged $2 for each selection on average. The subset cost-per-action
measure (in this example cost-per-selection) may be $1.50 (assuming these are the only
two selections by users in the age group of the subset and the average cost is used).

The improvement measure for a subset of demographic groups is based on a
difference between the subset cost-per-action measure and the overall cost-per-action
measure for the content item campaign. For example, the improvement measure for a

subset may be determined using Relationship (1) below:

. . Subset cost—per—action measure
Relationship: Improvement measure = : -1
Overall cost—per—action measure
(1)
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In this example, negative improvement measures represent an improvement in
the subset cost-per-action measure for the subset relative to the overall cost-per-action
measure for the content item campaign. Further, negative improvement measures
having a higher absolute value represent more improvement over the overall cost-per-
action measure than a negative improvement measure that has a lower absolute value.
Positive improvement measures represent an increase in cost-per-action for the subset
relative to the campaign.

The subsets can be filtered based on one or more filter criteria (214). This
filtering is optional and can be used to filter subsets that do not result in sufficient
improvement in the cost-per-action measure or that have another insufficient
performance measure, such as an insufficient spend share, conversion share, or
selection share. The filtering can also be based on a confidence measure associated
with each improvement measure. For example, the confidence measure for an
improvement measure may indicate a level confidence that the improvement measure is
accurate and can be determined based on the amount of data available for the
improvement measure. Subsets with an improvement measure that does not meet a
confidence threshold may be filtered from consideration. An example process for
filtering subsets of demographic groups is illustrated in FIG. 3 and described below.

A particular subset of demographic groups is selected (216). The particular
subset may be selected in a variety of ways. For example, the improvement measure
may be used to filter the subsets to those having a sufficient improvement measure (e.g.,
those having a negative improvement measure whose absolute value meets an
improvement threshold). If there are no subsets that have an improvement measure that
meets the improvement threshold, a particular subset may not be selected for
recommendation or to provide content items. If there is a single subset that has an
improvement measure that meets the improvement threshold, that subset may be
recommended. If there are multiple subsets that have an improvement measure that
meets the improvement threshold, the subset that has the highest (or threshold) action
share (e.g., highest conversion share or highest selection share) may be selected.

The conversion share for a subset of demographic groups can be based on a
number of conversions resulting from providing content items of the content item

campaign to users identified as being members of a demographic group of the subset
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and a total number of conversions for content items of the campaign. For example, the
conversion share for the subset may be a ratio between the number of conversions for
members of the subset and the total number of conversions for content items of the
campaign.

Similarly, the selection share for a subset of demographic groups can be based
on a number of selections of content items of the content item campaign made by users
identified as being members of a demographic group of the subset and a total number
of selections of content items of the campaign. For example, the selection share for the
subset may be a ratio between the number of user selections for members of the subset
and the total number of user selections of content items of the campaign.

In some implementations, if the cost-per-action measure is based on a cost per-
selection, then the remaining subset (after filtering) that has the highest selection share
may be selected. Similarly, if the cost-per-action measure is based on a cost per-
conversion, then the remaining subset that has the highest conversion share may be
selected.

The demographic groups of the selected subset may be recommended to the
content item provider so that the content provider may focus or increase its distribution
of content items to the recommended demographic groups. In some implementations,
the content distribution system 130 may modify bids for the content item campaign
such that members of the demographic groups of the selected subset receive more
content items of the campaign than unselected demographic groups.

In some implementations, the process 200 is executed using a cost-per-
conversion measure as the cost-per action measure. For example, if the total number of
conversions is less than a conversion threshold, then the process 200 can be executed
using a cost-per-click measure as the cost-per-action measure. In addition, or in the
alternative, if there are no subsets that have an improvement measure that meets the
improvement threshold using the cost-per-conversion measure as the cost-per-action
measure, then the process 200 can be re-executed using the cost-per-click measure as
the cost-per-action measure.

For example, the demographic group recommendation system 132 may first
execute the process 200 using a cost-per-conversion measure as the cost-per-action
measure. If the demographic group recommendation system 132 does not identify a

contiguous subset of demographic groups that results in a sufficient improvement
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measure (e.g., a negative improvement measure whose absolute value meets an
improvement threshold), the demographic group recommendation system 132 may re-
execute the process 200 using a cost-per-click measure as the cost-per-action measure.
If this execution of the process 200 does not result in the identification of a subset of
demographic groups that meet the improvement threshold, the demographic group
recommendation system 132 may not recommend any demographic groups.

As described above, the demographic group recommendation system 132 can
execute the process 200 for each type of demographic group to identify a subset of
contiguous demographic groups of that type for recommendation. For example, the
demographic group recommendation system 132 can execute the process 200 to
identify a subset of age groups to recommend, and execute the process 200 again to
identify subsets of genders to recommend.

In some implementations, the demographic group recommendation system 132
can identify groups based on multiple demographic criteria. For example, the
demographic group recommendation system 132 may identify a group based on gender,
age, and geographic location. To do this, the demographic group system 132 may
identify the possible contiguous subsets for each type of demographic. Continuing the
previous example, the demographic group recommendation system 132 may identify
the possible subsets of contiguous age groups, the possible subsets of contiguous
gender groups, and the possible subsets of contiguous location groups. The
demographic group recommendation system 132 can then go through the cross-product
space of gender x age x location and determine the cost-per-action improvement
measure and other performance measures (e.g., conversion share, selection share,
and/or spend share) for each eligible meta-group. The demographic group
recommendation system 132 can then filter the meta-groups using spend share,
selection share, and/or conversion share and select from any remaining groups as
described above with reference to FIG 2.

FIG. 3 is a flow chart of an example process 300 for filtering candidate subsets
of demographic groups. Operations of the process 300 can be implemented, for
example, by a data processing apparatus, such as the demographic group
recommendation system 132 of FIG. 1. The process 300 can also be implemented as

instructions stored on computer storage medium, and execution of the instructions by a
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data processing apparatus can cause the data processing apparatus to perform the
operations of this process 300.

Subsets of demographic groups are identified for a content item campaign (302).
Each subset of demographic groups may include contiguous demographic groups. For
each subset of demographic groups, an improvement measure is identified. For
example, the improvement measure may be based on an improvement in a cost-per-
click measure or an improvement in a cost-per-conversion measure relative to an
overall measure for a content item campaign. The operations of block 302 may be the
same or similar to the operations of blocks 202-212 of FIG. 2.

Subsets of demographic groups that have an improvement measure that meets
an improvement threshold are identified as candidate subsets (304). For example, the
candidate subsets may be those that have at least a threshold improvement in a cost-per-
action measure relative to an overall cost-per-action for the campaign. The
improvement measure for each subset can be determined, for example, using
Relationship (1) above. For each subset having a negative improvement measure (and
thus an improvement in cost-per-action), the absolute value of the improvement
measure can be compared to an improvement threshold. The subsets having an
improvement measure whose absolute value meets the improvement threshold may be
identified as candidate subsets.

A conversion share, selection share, and/or spend share are identified for each
candidate subset (306). Example conversion shares and selection shares are described
above with reference to FIG. 2. The spend share for a candidate subset of demographic
groups can be based on an amount of money spent related to providing content items to
users identified as being members of a demographic group of the candidate subset and
the total money spent for the campaign. For example, the spend share may be the ratio
between the amount of money spent related to providing content items to users
identified as being members of a demographic group of the candidate subset and the
total money spent for the campaign.

Candidate subsets that have a conversion share that is less than a conversion
share threshold are filtered from the candidate subsets (308). For example, the
conversion share for each candidate subset may be compared to the conversion share
threshold. The candidate subsets that have a conversion share that does not meet the

conversion share threshold may be removed from the candidate subsets.
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Candidate subsets that have a selection share that is less than a selection share
threshold are filtered from the candidate subsets (310). For example, the selection
share for each candidate subset may be compared to the selection share threshold. The
candidate subsets that have a selection share that does not meet the selection share
threshold may be removed from the candidate subsets.

Candidate subsets that have a spend share that exceeds a spend share threshold
are filtered from the candidate subsets (312). For example, the spend share for each
candidate subset may be compared to the spend share threshold. The candidate subsets
that have a spend share that exceeds the spend share threshold may be removed from
the candidate subsets.

A subset of demographic groups can be selected from the remaining candidates,
if any, as described above with reference to FIG. 2. Although three filtering operations
are illustrated in FIG. 3, the process 300 can include less than all three or other filtering
operations. For example, if the improvement measure is based on a cost-per-
conversion improvement, the candidates may not be filtered based on selection share.
Similarly, if the improvement measure is based on a cost-per-selection improvement,
the candidates may not be filtered based on conversion share.

FIG. 4 depicts a graph 400 of improvement measures and action shares for
subsets of demographic groups. The example graph 400 includes seven subsets 401-
407 and their respective improvement measures plotted against their respective action
shares. The action shares may be a selection share or a conversion share. Also
depicted in the graph are an improvement threshold 420 and an action share threshold
430 (e.g., a selection share threshold if the action share is a selection share or
conversion share threshold if the action share is a conversion share).

Each subset 401-407 represents a subset of demographic groups for a particular
content item campaign. The improvement measure and action share for each subset is
determined based on performance data for the demographic groups included in the
subset with respect to content items of the campaign, as described above.

In this example, subsets of demographic groups that have an improvement
measure that is to the left of (e.g., less than) the improvement threshold and an action
share that is above (e.g., greater than) than the action share threshold are eligible to be
selected for recommendation. As the improvement threshold is to the left of the

graph’s origin, the subsets that are eligible are those that have an improvement measure
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that is negative and has an absolute value that is greater than (or equal to) the absolute
value of the improvement threshold. For example, the improvement measures for the
subsets 401-407 may be determined using Relationship (1) shown above. Thus, a
negative improvement measure represents a percent reduction in a cost-per-action
measure relative to the overall cost-per-action measure for the campaign. Similarly,
positive improvement measures represent a percent increase in a cost-per-action
measure relative to the overall cost-per-action measure for the campaign.

In this example, the subsets 404 and 405 are ineligible for selection because
they both have an improvement measure to the right of the improvement threshold 420.
Thus, the percent improvement for each of these subsets 404 and 405 does not meet the
improvement threshold 420. In this example, the subset 407 is not eligible for selection
because it has an action share that is less than the action share threshold 430. In this
example, the subset 407 is not eligible because both its improvement measure and its
action share fail to meet the respective thresholds. Thus, the subsets 404-407 may be
filtered from a set of candidate subsets using the process 300 of FIG. 3.

The remaining subsets 401-403 are eligible as each has an improvement
measure that meets the improvement threshold 420 and an action share that meets the
action share threshold 430. The demographic group recommendation system 132 may
select one or more of these subsets for recommendation to the content item provider
associated with the content item campaign. In some implementations, the demographic
group recommendation system 132 would select the subset 401 as the subset 401 has
the highest action share (e.g., highest conversion share or highest selection share). In
some implementations, the demographic group recommendation system 132 would
select the subset 402 as the subset 402 has the largest percent improvement in the cost-
per-action measure. The demographic groups selection system 132 may also consider
spend share, a combination of performance measures (e.g., a combination of action
share, improvement measure, and/or spend share) and/or other performance metrics to
select between the subsets 401-403.

FIG. 5 is a block diagram of an example computer system 500 that can be used
to perform operations described above. The system 500 includes a processor 510, a
memory 520, a storage device 530, and an input/output device 540. Each of the
components 510, 520, 530, and 540 can be interconnected, for example, using a system

bus 550. The processor 510 is capable of processing instructions for execution within
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the system 500. In one implementation, the processor 510 is a single-threaded
processor. In another implementation, the processor 510 is a multi-threaded processor.
The processor 510 is capable of processing instructions stored in the memory 520 or on
the storage device 530.

The memory 520 stores information within the system 500. In one
implementation, the memory 520 is a computer-readable medium. In one
implementation, the memory 520 is a volatile memory unit. In another implementation,
the memory 520 is a non-volatile memory unit.

The storage device 530 is capable of providing mass storage for the system 500.
In one implementation, the storage device 530 is a computer-readable medium. In
various different implementations, the storage device 530 can include, for example, a
hard disk device, an optical disk device, a storage device that is shared over a network
by multiple computing devices (e.g., a cloud storage device), or some other large
capacity storage device.

The input/output device 540 provides input/output operations for the system 500.
In one implementation, the input/output device 540 can include one or more of a
network interface devices, e.g., an Ethernet card, a serial communication device, e.g.,
and RS-232 port, and/or a wireless interface device, e.g., and 802.11 card. In another
implementation, the input/output device can include driver devices configured to
receive input data and send output data to other input/output devices, e.g., keyboard,
printer and display devices 560. Other implementations, however, can also be used,
such as mobile computing devices, mobile communication devices, set-top box
television client devices, etc.

Although an example processing system has been described in FIG. 5,
implementations of the subject matter and the functional operations described in this
specification can be implemented in other types of digital electronic circuitry, or in
computer software, firmware, or hardware, including the structures disclosed in this
specification and their structural equivalents, or in combinations of one or more of them.

Embodiments of the subject matter and the operations described in this
specification can be implemented in digital electronic circuitry, or in computer software,
firmware, or hardware, including the structures disclosed in this specification and their
structural equivalents, or in combinations of one or more of them. Embodiments of the

subject matter described in this specification can be implemented as one or more
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computer programs, i.¢., one or more modules of computer program instructions,
encoded on computer storage medium for execution by, or to control the operation of,
data processing apparatus. Alternatively or in addition, the program instructions can be
encoded on an artificially-generated propagated signal, e.g., a machine-generated
electrical, optical, or electromagnetic signal, that is generated to encode information for
transmission to suitable receiver apparatus for execution by a data processing apparatus.
A computer storage medium can be, or be included in, a computer-readable storage
device, a computer-readable storage substrate, a random or serial access memory array
or device, or a combination of one or more of them. Moreover, while a computer
storage medium is not a propagated signal, a computer storage medium can be a source
or destination of computer program instructions encoded in an artificially-generated
propagated signal. The computer storage medium can also be, or be included in, one or
more separate physical components or media (e.g., multiple CDs, disks, or other
storage devices).

The operations described in this specification can be implemented as operations
performed by a data processing apparatus on data stored on one or more computer-
readable storage devices or received from other sources.

The term “data processing apparatus” encompasses all kinds of apparatus,
devices, and machines for processing data, including by way of example a
programmable processor, a computer, a system on a chip, or multiple ones, or
combinations, of the foregoing The apparatus can include special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an ASIC
(application-specific integrated circuit). The apparatus can also include, in addition to
hardware, code that creates an execution environment for the computer program in
question, e.g., code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, a cross-platform runtime environment, a
virtual machine, or a combination of one or more of them. The apparatus and
execution environment can realize various different computing model infrastructures,
such as web services, distributed computing and grid computing infrastructures.

A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including
compiled or interpreted languages, declarative or procedural languages, and it can be

deployed in any form, including as a stand-alone program or as a module, component,
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subroutine, object, or other unit suitable for use in a computing environment. A
computer program may, but need not, correspond to a file in a file system. A program
can be stored in a portion of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), in a single file dedicated to the program
in question, or in multiple coordinated files (e.g., files that store one or more modules,
sub-programs, or portions of code). A computer program can be deployed to be
executed on one computer or on multiple computers that are located at one site or
distributed across multiple sites and interconnected by a communication network.

The processes and logic flows described in this specification can be performed
by one or more programmable processors executing one or more computer programs to
perform actions by operating on input data and generating output. The processes and
logic flows can also be performed by, and apparatus can also be implemented as,
special purpose logic circuitry, e.g., an FPGA (field programmable gate array) or an
ASIC (application-specific integrated circuit).

Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only memory or a random access memory or both.
The essential elements of a computer are a processor for performing actions in
accordance with instructions and one or more memory devices for storing instructions
and data. Generally, a computer will also include, or be operatively coupled to receive
data from or transfer data to, or both, one or more mass storage devices for storing data,
¢.g., magnetic, magneto-optical disks, or optical disks. However, a computer need not
have such devices. Moreover, a computer can be embedded in another device, e.g., a
mobile telephone, a personal digital assistant (PDA), a mobile audio or video player, a
game console, a Global Positioning System (GPS) receiver, or a portable storage device
(e.g., a universal serial bus (USB) flash drive), to name just a few. Devices suitable for
storing computer program instructions and data include all forms of non-volatile
memory, media and memory devices, including by way of example semiconductor
memory devices, e.g., EPROM, EEPROM, and flash memory devices; magnetic disks,
e.g., internal hard disks or removable disks; magneto-optical disks; and CD-ROM and
DVD-ROM disks. The processor and the memory can be supplemented by, or

incorporated in, special purpose logic circuitry.
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To provide for interaction with a user, embodiments of the subject matter
described in this specification can be implemented on a computer having a display
device, e.g., a CRT (cathode ray tube) or LCD (liquid crystal display) monitor, for
displaying information to the user and a keyboard and a pointing device, e.g., a mouse
or a trackball, by which the user can provide input to the computer. Other kinds of
devices can be used to provide for interaction with a user as well; for example,
feedback provided to the user can be any form of sensory feedback, e.g., visual
feedback, auditory feedback, or tactile feedback; and input from the user can be
received in any form, including acoustic, speech, or tactile input. In addition, a
computer can interact with a user by sending documents to and receiving documents
from a device that is used by the user; for example, by sending web pages to a web
browser on a user’s client device in response to requests received from the web browser.

Embodiments of the subject matter described in this specification can be
implemented in a computing system that includes a back-end component, e.g., as a data
server, or that includes a middleware component, ¢.g., an application server, or that
includes a front-end component, e.g., a client computer having a graphical user
interface or a Web browser through which a user can interact with an implementation
of the subject matter described in this specification, or any combination of one or more
such back-end, middleware, or front-end components. The components of the system
can be interconnected by any form or medium of digital data communication, e.g., a
communication network. Examples of communication networks include a local area
network (“LAN”) and a wide area network (“WAN”), an inter-network (e.g., the
Internet), and peer-to-peer networks (e.g., ad hoc peer-to-peer networks).

The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each
other. In some embodiments, a server transmits data (e.g., an HTML page) to a client
device (e.g., for purposes of displaying data to and receiving user input from a user
interacting with the client device). Data generated at the client device (e.g., a result of
the user interaction) can be received from the client device at the server.

While this specification contains many specific implementation details, these

should not be construed as limitations on the scope of any inventions or of what may be
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claimed, but rather as descriptions of features specific to particular embodiments of
particular inventions. Certain features that are described in this specification in the
context of separate embodiments can also be implemented in combination in a single
embodiment. Conversely, various features that are described in the context of a single
embodiment can also be implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may be described above as
acting in certain combinations and even initially claimed as such, one or more features
from a claimed combination can in some cases be excised from the combination, and
the claimed combination may be directed to a subcombination or variation of a
subcombination.

Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the separation of various system
components in the embodiments described above should not be understood as requiring
such separation in all embodiments, and it should be understood that the described
program components and systems can generally be integrated together in a single
software product or packaged into multiple software products.

Thus, particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. In some cases, the actions
recited in the claims can be performed in a different order and still achieve desirable
results. In addition, the processes depicted in the accompanying figures do not
necessarily require the particular order shown, or sequential order, to achieve desirable
results. In certain implementations, multitasking and parallel processing may be

advantageous.
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WHAT IS CLAIMED IS:

I. A method performed by data processing apparatus, the method comprising;:

obtaining performance data for a content item campaign;

identifying, for a particular user action performed in response to presentation of
a content item and based on the performance data, an overall cost-per-action measure
specifying a cost for obtaining the particular user action;

grouping the performance data into demographic groups using demographic-
based criteria for each demographic group and demographic data for users that received
content items of the content item campaign;

arranging the demographic groups in a sequence using the demographic-based
criteria for the demographic groups;

identifying subsets of the demographic groups that each include one or more
contiguous demographic groups from the sequence of demographic groups;

for each of at least some of the subsets:

determining, based on the performance data for the subset, an

improvement measure specifying a difference between the overall cost-per-action
measure for the particular user action and a subset cost-per-action measure for the
particular user interaction, the subset cost-per-action specifying a cost for obtaining the
particular user interaction from a user in the demographic groups of the subset; and

selecting a particular subset of demographic groups for providing the content

item based at least on the determined improvement measures.

2. The method of claim 1, wherein:

the demographic-based criteria for each demographic group specifies an age
range for users that have received a content item of the content item campaign;

arranging the demographic groups in a sequence comprises arranging the
demographic groups in an ordinal sequence based on the age range for each
demographic group; and

each subset of demographic groups include two or more demographic groups

that are adjacent in the ordinal sequence.
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3. The method of claim 1, wherein:

the demographic-based criteria for each demographic group specifies a
predicted gender for users that have received a content item of the campaign and a
confidence that the users are the predicted gender; and

arranging the demographic groups in a sequence comprises arranging the

demographic groups in a sequence based on the predicted gender.

4. The method of claim 1, wherein the particular user action is a content item

selection or a conversion.

5. The method of claim 1, wherein selecting a particular subset of demographic
groups for providing the content item comprises:

identifying, as candidate subsets, each subset of demographic groups that has an
improvement measure that meets an improvement threshold;

identifying a conversion share for each candidate subset, the conversion share
for a particular candidate subset being based on (a) a number of conversions resulting
from providing content items of the content item campaign to users identified as being
members of a demographic group of the candidate subset and (b) a total number of
conversions for content items of the content item campaign; and

selecting the particular subset of demographic groups based on the conversion

shares for the candidate subsets.

6. The method of claim 1, wherein selecting a particular subset of demographic
groups for providing the content item comprises:

identifying, as candidate subsets, each subset of demographic groups that has an
improvement measure that meets an improvement threshold;

identifying a selection share for each candidate subset, the selection share for a
particular candidate subset being based on (a) a number of selections of content items
of the content item campaign resulting from providing content items of the content item
campaign to users identified as being members of a demographic group of the
candidate subset and (b) a total number of selections for content items of the content
item campaign; and

selecting the particular subset of demographic groups based on the selection

shares for the candidate subsets.
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7. The method of claim 1, wherein selecting a particular subset of demographic
groups for providing the content item comprises:

identifying, for each subset of demographic groups, a spend share using (a) an
amount of money spent in response to providing content item of the content item
campaign to users identified as being members of a demographic group of the subset of
demographic groups and (b) a total amount of money spent in response to providing
content items of the content item campaign;

identifying, as candidate subsets, each subset of demographic groups that has a
spend share that is less than a spend share threshold; and

selecting the particular subset of demographic groups from the candidate

subsets based on the determined improvements for the candidate subsets.

8. The method of claim 1, wherein selecting a particular subset of demographic
groups for providing the content item comprises:

identifying, as candidate subsets, each subset of demographic groups that has an
improvement measure that meets an improvement threshold;

identifying, for each candidate subset, a spend share using (a) an amount of
money spent in response to providing content item of the content item campaign to
users identified as being members of a demographic group of the candidate subset and
(b) a total amount of money spent in response to providing content items of the content
item campaign;

filtering from the candidate subsets each candidate subset that has a spend share
that meets a spend share threshold;

identifying a conversion share for each remaining candidate subset, the
conversion share for a particular candidate subset being based on (a) a number of
conversions resulting from providing content items of the content item campaign to
users identified as being members of a demographic group of the candidate subset and
(b) a total number of conversions for content items of the content item campaign; and

selecting, from the remaining candidate subsets, the particular subset of
demographic groups based on the conversion shares for the remaining candidate

subsets.
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9. A system, comprising:

a data processing apparatus;

a memory storage apparatus in data communication with the data processing
apparatus, the memory storage apparatus storing instructions executable by the data
processing apparatus and that upon such execution cause the data processing apparatus
to perform operations comprising:

obtaining performance data for a content item campaign;

identifying, for a particular user action performed in response to
presentation of a content item and based on the performance data, an overall cost-per-
action measure specifying a cost for obtaining the particular user action;

grouping the performance data into demographic groups using
demographic-based criteria for each demographic group and demographic data for
users that received content items of the content item campaign;

arranging the demographic groups in a sequence using the demographic-
based criteria for the demographic groups;

identifying subsets of the demographic groups that each include one or
more contiguous demographic groups from the sequence of demographic groups;

for each of at least some of the subsets:

determining, based on the performance data for the subset, an

improvement measure specifying a difference between the overall cost-per-action
measure for the particular user action and a subset cost-per-action measure for the
particular user interaction, the subset cost-per-action specifying a cost for obtaining the
particular user interaction from a user in the demographic groups of the subset; and

selecting a particular subset of demographic groups for providing the

content item based at least on the determined improvement measures.
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10.  The system of claim 9, wherein:
the demographic-based criteria for each demographic group specifies an age
range for users that have received a content item of the content item campaign;
arranging the demographic groups in a sequence comprises arranging the
5 demographic groups in an ordinal sequence based on the age range for each
demographic group; and
each subset of demographic groups include two or more demographic groups

that are adjacent in the ordinal sequence.

11.  The system of claim 9, wherein:

10 the demographic-based criteria for each demographic group specifies a
predicted gender for users that have received a content item of the campaign and a
confidence that the users are the predicted gender; and

arranging the demographic groups in a sequence comprises arranging the

demographic groups in a sequence based on the predicted gender.

15 12.  The system of claim 9, wherein the particular user action is a content item

selection or a conversion.

13.  The system of claim 9, wherein selecting a particular subset of demographic
groups for providing the content item comprises:
identifying, as candidate subsets, each subset of demographic groups that has an
20 improvement measure that meets an improvement threshold;
identifying a conversion share for each candidate subset, the conversion share
for a particular candidate subset being based on (a) a number of conversions resulting
from providing content items of the content item campaign to users identified as being
members of a demographic group of the candidate subset and (b) a total number of
25 conversions for content items of the content item campaign; and
selecting the particular subset of demographic groups based on the conversion

shares for the candidate subsets.
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14.  The system of claim 9, wherein selecting a particular subset of demographic
groups for providing the content item comprises:

identifying, as candidate subsets, each subset of demographic groups that has an
improvement measure that meets an improvement threshold;

identifying a selection share for each candidate subset, the selection share for a
particular candidate subset being based on (a) a number of selections of content items
of the content item campaign resulting from providing content items of the content item
campaign to users identified as being members of a demographic group of the
candidate subset and (b) a total number of selections for content items of the content
item campaign; and

selecting the particular subset of demographic groups based on the selection

shares for the candidate subsets.

15.  The system of claim 9, wherein selecting a particular subset of demographic
groups for providing the content item comprises:

identifying, for each subset of demographic groups, a spend share using (a) an
amount of money spent in response to providing content item of the content item
campaign to users identified as being members of a demographic group of the subset of
demographic groups and (b) a total amount of money spent in response to providing
content items of the content item campaign;

identifying, as candidate subsets, each subset of demographic groups that has a
spend share that is less than a spend share threshold; and

selecting the particular subset of demographic groups from the candidate

subsets based on the determined improvements for the candidate subsets.
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16.  The system of claim 9, wherein selecting a particular subset of demographic
groups for providing the content item comprises:

identifying, as candidate subsets, each subset of demographic groups that has an
improvement measure that meets an improvement threshold;

identifying, for each candidate subset, a spend share using (a) an amount of
money spent in response to providing content item of the content item campaign to
users identified as being members of a demographic group of the candidate subset and
(b) a total amount of money spent in response to providing content items of the content
item campaign;

filtering from the candidate subsets each candidate subset that has a spend share
that meets a spend share threshold;

identifying a conversion share for each remaining candidate subset, the
conversion share for a particular candidate subset being based on (a) a number of
conversions resulting from providing content items of the content item campaign to
users identified as being members of a demographic group of the candidate subset and
(b) a total number of conversions for content items of the content item campaign; and

selecting, from the remaining candidate subsets, the particular subset of
demographic groups based on the conversion shares for the remaining candidate

subsets.
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17. A computer storage medium encoded with a computer program, the program
comprising instructions that when executed by a data processing apparatus cause the
data processing apparatus to perform operations comprising:
obtaining performance data for a content item campaign;

identifying, for a particular user action performed in response to presentation of
a content item and based on the performance data, an overall cost-per-action measure
specifying a cost for obtaining the particular user action;

grouping the performance data into demographic groups using demographic-
based criteria for each demographic group and demographic data for users that received
content items of the content item campaign;

arranging the demographic groups in a sequence using the demographic-based
criteria for the demographic groups;

identifying subsets of the demographic groups that each include one or more
contiguous demographic groups from the sequence of demographic groups;

for each of at least some of the subsets:

determining, based on the performance data for the subset, an

improvement measure specifying a difference between the overall cost-per-action
measure for the particular user action and a subset cost-per-action measure for the
particular user interaction, the subset cost-per-action specifying a cost for obtaining the
particular user interaction from a user in the demographic groups of the subset; and

selecting a particular subset of demographic groups for providing the content

item based at least on the determined improvement measures.
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18.  The computer storage medium of claim 17, wherein selecting a particular subset
of demographic groups for providing the content item comprises:

identifying, as candidate subsets, each subset of demographic groups that has an
improvement measure that meets an improvement threshold;

identifying a conversion share for each candidate subset, the conversion share
for a particular candidate subset being based on (a) a number of conversions resulting
from providing content items of the content item campaign to users identified as being
members of a demographic group of the candidate subset and (b) a total number of
conversions for content items of the content item campaign; and

selecting the particular subset of demographic groups based on the conversion

shares for the candidate subsets.

19.  The computer storage medium of claim 17, wherein selecting a particular subset
of demographic groups for providing the content item comprises:

identifying, as candidate subsets, each subset of demographic groups that has an
improvement measure that meets an improvement threshold;

identifying a selection share for each candidate subset, the selection share for a
particular candidate subset being based on (a) a number of selections of content items
of the content item campaign resulting from providing content items of the content item
campaign to users identified as being members of a demographic group of the
candidate subset and (b) a total number of selections for content items of the content
item campaign; and

selecting the particular subset of demographic groups based on the selection

shares for the candidate subsets.
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20. The computer storage medium of claim 17, wherein selecting a particular subset of
demographic groups for providing the content item comprises:

identifying, for each subset of demographic groups, a spend share using (a) an
amount of money spent in response to providing content item of the content item
campaign to users identified as being members of a demographic group of the subset of
demographic groups and (b) a total amount of money spent in response to providing
content items of the content item campaign;

identifying, as candidate subsets, each subset of demographic groups that has a
spend share that is less than a spend share threshold; and

selecting the particular subset of demographic groups from the candidate

subsets based on the determined improvements for the candidate subsets.
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