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ABSTRACT

Email has been an essential communication medium for
many years. As a result, the information accumulated in
our mailboxes has become valuable for all of our personal
and professional activities. For years, researchers have been
developing interfaces, models and algorithms to facilitate
search, discovery and organization of email data. In this
survey, we attempt to bring together these diverse research
directions, and provide both a historical background, as
well as a comprehensive overview of the recent advances
in the field. In particular, we lay out all the components
needed in the design of a privacy-centric email search engine,
including search interface, indexing, document and query
understanding, retrieval, ranking and evaluation. We also
go beyond search, presenting recent work on intelligent task
assistance in email. Finally, we discuss some emerging trends
and future directions in email search and discovery research.

Michael Bendersky, Xuanhui Wang, Marc Najork and Donald Metzler (2021), “Search
and Discovery in Personal Email Collections”, Foundations and Trends® in Informa-
tion Retrieval: Vol. 15, No. 1, pp 1-133. DOI: 10.1561/1500000069.
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1

Introduction

FEmail has thrived as an electronic communications medium for at
least five decades, with the first published email standards dating back
to Bhushan et al. (1973). While the basic email format — a header
containing email metadata and a body containing the message content
— remained more or less unchanged through the decades, the types of
information shared through email have been continuously evolving.

While email was originally developed with organizational and en-
terprise communications in mind, the success of web-based services
like Hotmail and Yahoo! Mail in the late 1990’s made email a popular
consumer communication tool. Over the years, and with the rise of
the various messaging applications, there have been reports on a de-
cline in interpersonal email communications, especially among younger
users (Tsotsis, 2011). However, consumer email traffic has still consis-
tently kept growing. This discrepancy can be attributed in large part
to the rise of machine-generated messages, such as store promotions,
newsletters, receipts and bills (Maarek, 2017).

Despite advances in instant communications, email also remains a
vital communication tool in the enterprise setting. A recent survey of
1,000 U.S. employees by Naragon (2018) finds that users spend more
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than 3 hours on a weekday checking their work email. Roughly 50% of
survey participants check both their personal and work email at least
every few hours. Naragon (2018) also reports that in a work setting,
email is a more preferred communication medium than either instant
messaging (11% preference), or phone (16%), and is tied in popularity
with face-to-face communications (31%).

The popularity of email in both our personal lives and in the work-
place is in part due to its use for collaborative task management. Col-
laborative task management involves reminder creation, identification
of messages related to the task, synthesis of information from these
messages, and interaction with others in order to complete the task.
Regardless of its limitations, email is often the preferred medium for
these activities (Whittaker, 2005).

As a confluence of these factors, email remains a reliable repository
of information about our personal and organizational communications,
social networks, activities, financial transactions, travel plans, and
work commitments. As our mailboxes grow, so does the need for the
development of new effective approaches to information finding in this
repository. As researchers repeatedly discover, there is a substantial
difference between search in public data (e.g., web search) and private
email collections.

First, chronology plays an important role for both email search algo-
rithms and interfaces (Dumais et al., 2003). Second, corpus size of single
mailbox is drastically smaller than that of a large web corpus. This
often leads to low recall, especially for longer queries, or when there is a
vocabulary mismatch between user queries and their mailboxes (Carmel
et al., 2015; Li et al., 2019b). Finally, developing effective search algo-
rithms while stringently preserving the privacy of user information is a
difficult research challenge (Bendersky et al., 2018).

Therefore, in this survey, we provide an overview of the current
state-of-the art techniques that focus on these unique aspects of email
management, search and discovery. Since we assume that most of our
readers are more familiar with the web search counterparts of these
techniques, we contrast and draw comparisons between web and email
search, when appropriate.
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1.1 Email Statistics

Before diving into describing the various email use cases, in this section
we provide an overview of email usage, including general statistics, the
demographic characteristics of its user base, and modes of email access.

The Radicati Group, Inc. (2019) report! states that the total number
of emails sent and received per day will have exceeded 300 billion in
2020, and that email will be used by 4 billion people, over half of the
world’s population. Despite email being a mature technology, the report
projects steady year-over-year growth of roughly 4% for the next several
years. The Radicati Group, Inc. (2015) report also breaks down these
statistics by business and consumer users, finding that the number
of business emails exceeds the number of consumer emails sent and
received, with both numbers projected to grow. The growth in the
consumer email traffic is cited to be mainly due to machine-generated
email, not interpersonal communication, which is consistent with other
reports (Maarek, 2017).

These statistics demonstrate the importance of email in the business
setting, and allow to draw a clear distinction between the personal email
use case, and the enterprise use case (Narang et al., 2017). This puts
business email search and discovery in a clear connection to the existing
work on enterprise search (Kruschwitz and Hull, 2017), with the added
constraint that the corpora (user mailboxes) are private, rather than
shared across the organization.

Narang et al. (2017) investigate email usage in a large organization
(Microsoft) and report on the activities performed by a large sample
of close to 300,000 US employees. In particular, they note that as
mailbox size increases, people are much more likely to spend time on its
organization by deleting, moving or marking email. Search activity also
has strong positive correlation with the mailbox size. Activity analysis
shows that 20% — 35% of all email activity involves organization, and
10% — 20% involves search, with the variation mainly attributed to the
mailbox size and email deletion rate.

!The Radicati Group is an analyst firm specialized in tracking emerging com-
munication and collaboration technologies, providing quantitative and qualitative
market research. In this survey, we are quoting statistics provided in their 2015, 2018
and 2019 executive summaries, which are available online at www.radicati.com.
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For the personal email use-case, Carmel et al. (2017b) provide a
fascinating peek into the demographics of the Yahoo! Mail US user base.
Overall, they find that email users are older and more affluent than
both the average web searchers, as well as the overall US population.
They are also more likely to be female — 58.4% of all email searches
come from women, as opposed to 49.7% of web searches.

While in the early days of email desktop clients using POP or IMAP
were more prevalent, today many users use webmail or mobile clients to
access their email. Both webmail and mobile email clients are usually
controlled by a large email provider that also controls a centralized
secure storage for all user mailboxes. A recent Litmus Email Analytics
(2019) report indicates that only 18% of the email opens today can
be attributed to desktop clients. The same report lists Gmail, Yahoo!
Mail and Outlook.com as the most used webmail clients. Examples of
international webmail providers also include, among others, QQ Mail
by Tencent, 163/126 Mail by NetEase, Mail. Ru, Yandex, ProtonMail
and GMX Mail.

As most people access their email today through one of these large-
scale centralized email providers, in the remainder of this survey we
shall assume that the mailboxes are centrally and securely stored and
managed. This setting provides the opportunity to develop new search
and discovery capabilities using a large-scale dataset containing millions
of user mailboxes. It also carries the challenge of developing these
capabilities while maintaining user trust through audited access, data
anonymization, and data erasure compliance.

Indeed, breaking user trust has been shown to have major implica-
tions for email providers. This is evidenced by negative public reaction
to services like Google Buzz, which “automatically searched the user’s
most emailed contacts and added them as followers, thereby inadver-
tently exposing potentially sensitive communications” (Nowak, 2010),
or Oath (Yahoo mail owner) purportedly selling consumer preferences
gleaned from promotional emails to advertisers (Liao, 2010).

Therefore, the tension between the opportunities for novel user
experiences and the challenge to preserve user trust is a major recurrent
theme that runs throughout the email search and discovery research,
and is discussed extensively in this survey. In particular, we dedicate
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Chapter 7 to the challenges of privacy-preserving management of user
data.

1.2 Email Management and Finding Strategies

In the previous section, we established the scale of email usage, and the
importance of mailboxes as personal and organizational information
repositories. In this section, we focus on the way that users keep track
of and find information in these repositories in real-world settings.

The goal of the majority of email searches is re-finding information
in previously seen emails, which relates it to the known-item search
problem (Craswell et al., 2005), where only one particular, known in
advance item can fully satisfy the user information need. It is not
surprising, therefore, that emails are frequently revisited, and most of
the revisits are information seeking (Alrashed et al., 2018).

Some information types that users seek during email revisits are
listed in Table 1.1. Interestingly, finding task-related instructions is
the most common reason for email revisit, which is in line with the
prevalence of email usage for task management that is noted by other
researchers as well (Whittaker, 2005; Lampert et al., 2010).

Table 1.1: Distribution of information types users are looking for in email revisits,
as reported in a survey of 395 corporate email users (Alrashed et al., 2018).

Type of Information Percent
Instructions to perform a certain task 24.1%
A document (e.g., attachment, link) 22.0%
An answer to a question that was previously asked  16.3%
status update 10.2%
A solution to a problem 9.0%
A task request to you 4.9%
A person/customer (e.g., contact information) 2.0%
An appointment/event 2.0%
Machine generated message (e.g., reservation) 0.8%
Other 8.6%

Ai et al. (2017) conduct a survey of 324 users to examine what
message attributes facilitate searcher recall. They find that, unlike in
web search, email searchers tend to remember more details about the
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provenance of the messages they are interested in (e.g., sender and sent
date — see Figure 1.1). This reflects greater familiarity with email than
web pages, and re-affirms the known-item approach to email search.
Ai et al. (2017) also find that this good attribute recall is not always
reflected in the search query length and structure. Based on a sample
of 2 million queries from Outlook email search logs, they report that
advanced syntax is used in only 18% of the queries, and most of these
advanced queries contain either from: or to: filters.

Email Search Web Search
Content I Content |IEEEEG—
Sender T Web site  m—
Subject  —— Title =
Date mm URL mm
Recipient(s) - Author m
Attachment == Date |
Other mm Other mmm
0% 20% 40% 60% 80% 0% 20% 40% 60% 80%

Figure 1.1: Percentage of searchers who remembered certain attributes, compared
between email and web searches, based on a survey of 324 regular email users,
conducted by Ai et al. (2017).

Users may also use other email discovery mechanisms beyond search
to find the relevant information in their mailboxes. Examples of email
discovery mechanisms include content recommendation, classification
and information extraction. For instance, some email services can auto-
matically tag emails with labels such as “Travel” or “Finance” (Grbovic
et al., 2014) and extract useful information like bill due dates or hotel
check-in times (Sheng et al., 2018). This can help with relevant infor-
mation discovery without the need for conducting an explicit search.

Broadly speaking, most email search and discovery mechanisms
discussed in this survey are in the realm of personal information man-
agement (PIM). PIM studies the organization and maintenance of
information items stored for the purpose of completing personal or
work-related tasks and activities. In fact, Whittaker et al. (2006) argue
that email plays a critical role in three key PIM areas, including task
management, personal archiving, and contact management.
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One notable exception to viewing email search and discovery as
a sub-field of PIM, is access to mailboxes by third-parties who are
not the persons to whom the email was addressed. Such access is
conducted in cases such as legal e-discovery for litigation or government
investigations (Oard and Webber, 2013), historical research (Task Force
on Technical Approaches for Email Archives, 2018), or logging by
organizational mail auditing tools (Microsoft 365, 2020). As this survey
takes a user-centric approach to email search and discovery, most of
these cases are outside of our scope. However, some of the described
techniques are likely to be helpful in finding relevant information by
third-parties as well.

1.3 Survey Scope and Organization

The majority of the research on email search and discovery that this
survey draws upon has appeared over the past decade in a broad
spectrum of information retrieval and data mining conferences including
(but not limited to)

¢« ACM SIGIR Conference on Research and Development in Infor-
mation Retrieval — https://dl.acm.org/conference /sigir

¢ ACM International Conference on Web Search and Data Mining —
https://dl.acm.org/conference/wsdm

e ACM SIGKDD Conference on Knowledge Discovery and Data
Mining — https://dl.acm.org/conference/kdd

o The Web Conference (formerly known as International World
Wide Web Conference, or WWW) — https://dl.acm.org/confere

nce/www

e The Conference on Information and Knowledge Management —
https://dl.acm.org/conference/cikm

o Text REtrieval Conerence — https://trec.nist.gov/

We made our best attempt to provide a comprehensive survey
of this large body of research, providing some historical perspective,


https://dl.acm.org/conference/sigir
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organizing it into broad themes, and finally suggesting some directions
for future research. We also attempted to provide a perspective — based
on the existing research, as well as our own experience — on the unique
challenges facing the researchers in this field, contrasting it to the more
commonly known web search setting.

Prerequisites This survey assumes minimal prior knowledge and
should be relatively self-contained. We keep most of the discussions
at a high level of abstraction, and refer the readers to the original
research papers for technical details. However, some grasp of standard
notation, concepts and techniques in information retrieval and machine
learning can be beneficial for getting the most out of this survey. We
suggest the following introductory and freely available books as useful
accompanying references:

o Introduction to Information Retrieval, by Schiitze et al. (2008)

o The Elements of Statistical Learning, by Hastie et al. (2009)

Target Audience We hope that the following audiences will find this
survey useful:

e Search practitioners and engineers who want to be exposed to the
scientific fundamentals of email search (or other personal search
scenarios)

e Industry and academic researchers and graduate students in the
fields of information retrieval, machine learning or natural lan-
guage processing who are interested in better understanding the
state-of-the-art and the emerging trends in email search and dis-
covery.

Outline The remainder of this survey is organized as follows. In Chap-
ter 2 we provide a high-level overview of the architecture of a standard
email search engine. As there is no previously published work that
summarizes such architecture, we do our best to synthesize multiple
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disparate research avenues, and compare the different design and ar-
chitecture choices to web search engines, which are likely to be more
familiar to our readers.

Chapter 3 is dedicated to the evolution of interfaces for email
search and discovery, from manually defined folders and exact search to
relevance-based ranking and knowledge panels. In Chapters 4 and 5, we
discuss the various aspects of email and query understanding, respec-
tively. In these chapters, due to the heterogeneous topics discussed, we
often go beyond the realm of email search and delve into other aspects
of email management and discovery, including spam detection, labeling
and templatization.

In Chapter 6, we once again broaden our scope beyond search and
discuss various assistive applications that allow users to effectively find,
manage and create email content. In this chapter, we also often go
beyond the boundaries of the mailbox, and discuss how assistance can
work across multiple personal content types (e.g., email, calendar entries
or personal files).

Chapter 7 is dedicated to management of user data in email search
and discovery. We discuss the best practices of privacy-preserving treat-
ment of user data, as well as learning from sparse and biased click data
in email search. We speculate on possible future research directions in
personal search and discovery in Chapter 8, and conclude the survey in
Chapter 9.

Special considerations There are three important considerations that
we would like our readers to keep in mind as they make their way
through this survey.

First and foremost, data and user privacy is an important leitmotif
in email search and discovery. Our goal is to elucidate the importance
of these topics, and the degree to which they affect how the research
in the field is conducted. Therefore, we include a chapter dedicated
to privacy-preserving user data management, and return to this topic
throughout the survey.

Second, when possible, we try to draw parallels between email and
web search. The latter may be a more familiar territory to many of our
readers, as it has been one of the focal points of information retrieval
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research for the past two decades. Contrasting email and web search also
aids in highlighting the unique aspects of email search and discovery
algorithms.

Finally, the readers are likely to notice that while the title of the
survey focuses on email search, some chapters broaden their scope
beyond email to other types of personal content, and modes of content
management and discovery that go beyond search. This is by design,
rather than mere lack of focus. We strongly believe that the future of
personal content search and discovery lies in integrative approaches
that seamlessly combine personal information across various content
silos to best assist the users in completing their personal or work tasks.
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