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Abstract

During a three-day workshop in February 2012, 4forination Retrieval
researchers met to discuss long-range challengeé®@portunities within the
field. The result of the workshop is a diversedetesearch directions, project
ideas, and challenge areas. This report descileewadrkshop format, provides
summaries of broad themes that emerged, includesdescriptions of all the
ideas, and provides detailed discussion of six ggafs that were voted “most
interesting” by the participants. Key themes inelude need to: move beyond
ranked lists of documents to support richer disgdog presentation, represent
the context of search and searchers, provide risbhpport for information
seeking, enable retrieval of a wide range of stmact and unstructured content,
and develop new evaluation methodologies.




1 Introduction

A three-day residential workshop brought togethBr ldformation Retrieval researchers in Lorne,
Australia, to discuss challenges and opportunitigkin the field. The workshop ran February 14-17,
2012. The sponsors — RMIT University, The Universit Melbourne, the ELIAS network (funded by
the European Science Foundation), and the Nati®oiahce Foundation — provided local arrangements
and organizational support, and contributed taiineel costs of some of the participants.

The purpose of the workshop was to explore longeassues of the field, to recognize challenges tha
are on (or even over) the horizon, to build congensn those that are key, and to disseminate the
resulting information to the research communityeTdoal of the participants is that this resulting
description of the issues will inspire researchaerd graduate students to address the questiomsl rais
will stimulate debate, and will provide funding agees data to focus and coordinate support for
information retrieval research.

This workshop builds on and expands past gathethysconsidered the future of the field as a whole

In September, 2002, a workshop was held at the dgsity of Massachusetts to identify major
challenges in Information Retrieval. The challengdgsntified were users and their context,
multiple languages and media, clearer task defimsti improved evaluations, acquisition of
better and more training data, and improved formadlels. Details of those issues were reported
in the workshop’s reportChallenges in Information Retrieval and Languagedislong ACM
SIGIR Forum, 37(1):31-47, Spring 2083.

The first SWIRL workshop was held in December, 2004 aim of that workshop was to foster
a better understanding of the field by identifyikgy “contributions, challenges, and turning

points” from the past to understand future direwioThe outcome of that meeting was a list of
recommended readings for researchers and particgtaidentsRecommending Reading for IR

Research StudentSIGIR Forum 39(2):3-14, December 2065.

In November 2006 and February 2007, a small nurobeesearchers met to identify critical
issues that would have broad impact on the fiettl gpplications of the field’s technology. This
group identified challenges in dealing with hetemogous data, heterogeneous contexts,
availability of usage data, evaluation, and IR aseevice to other areas of Human Language
Technology. The results of the meeting are repariddeeting of the MINDS: An Information
Retrieval Research Agenda

Throughout the decade covered by those reportsfidite of Information Retrieval has continued to
change and grow: collections have become largenpaters have become more powerful, broadband
and mobile internet is widely assumed, complexradive search can be done on home computers or
mobile devices, and so on. Furthermore, as larglesommercial search companies find new ways to
exploit the user data they collect, the gap betwibertypes of research done in industry and acasemi
has widened, leading to tension about “repeatgbgihd “public data” in publications. These changes
environment and shifts in attitude mean the timags for the field to re-evaluate its assumptiatss,
purposes, its goals, and its methodologies. TheR:V2012 workshop aimed to do just that.

1 http://sigir.org/forum/S2003/ir-challenges2.pdfhtp://dx.doi.org/10.1145/945546.945549

2 http://sigir.org/forum/2005D/2005d_sigirforum_rfetfpdf or http://dx.doi.org/10.1145/1113343.111834

® http://www.itl.nist.gov/iaui/894.02/MINDS/FINALR.web.pdf. This report was part of a larger coitetof workshops on
directions for Human Language Technology. The detepset of reports, including an executive summargavailable at
http://www.itl.nist.gov/iaui/894.02/minds.html.




2 Workshop format

The workshop was by invitation. Participants weh®sen to be a mixture of established and early
career Information Retrieval researchers from Eeydpe Americas, and the Asia-Pacific region. The
workshop involved pre-meeting and kickoff discussiado encourage thinking about problems in
Information Retrieval research, at-meeting nomonrati discussion, and selection of major new
directions and research areas, and a post-meejuogtr

Information about the workshop is available on-latattp://www.cs.rmit.edu.au/swirl12/

2.1 Pre-meeting “homework”

Participants were asked to nominate three papetts ith their opinion, represented important new
directions, research areas, or results in the éRl.fiEach of the papers was annotated with a semten
describing the reason why the paper was chosen.p@pers were not intended to represent older,
“classic” IR papers, but rather to represent imgatrtdirections for the future of the Information

Retrieval field.

A total of 136 papers were selected. Eleven welectes two or three times, yielding 122 unique
suggested papers. Although there was little agraeadgout the papers themselves, there were several
themes apparent in the group: a range of IR tasisloration of alternate modalities, models of IR,
evaluation issues, query representation, user geptation, document representation, answer
representation, architectural issues, and a scwjtesf other topics. Compared to previous “IR
challenges” reports (see the previous Sectionjethvas little emphasis on cross-language issuesitev
level processing, “factoid” question answering, &edical search. The workshop did not investigate
discusswhy those topics did not arise this time; the explamatould range from issues that are solved,
that had no significant papers, that are out diitag or that turned out to be too hard.

The papers with their “why chosen” annotationsl&ted on the workshop web site.

2.2 Meeting structure

On the preliminary evening of the workshop, theamigers summarized the areas that the 122 submitted
papers covered and encouraged casual discussion thigokey areas that were represented. The next
morning the group relocated to Lorne for the wodgsproper.

To continue the process of provoking thought arsgulsion, six participants were pre-selected by the
organizers to make 5-minute presentations reflgdiiose individuals’ views of some important new
ideas and directions for Information Retrieval. Tiesentations were grouped into two sets with
discussion following each set. Participants disedsand debated these ideas informally for theakst
the day.

On Thursday, the second day of the workshop, peatits were assigned to one of six groups, with
each group tasked to come up with no more tharndsias for research areas/directions/initiative$ tha
they would then “sell” to the whole workshop. A easch direction was described as something more
specific than a topic — e.g., an elevator storg te#ad-off paragraph in a proposal — but large ghda
represent a significant, multi-year effort. Papamts were asked to focus on efforts that could be
handled in an academic setting, without teguirementof large-scale commercial data. Such was the
enthusiasm of the participants that this exera@selted in 37 “pitches.”

After additional informal discussion, the partiaips voted for the six that they felt were “most
interesting.” The organizers presented the residiltse vote which the participants then used taotidie
the six main topics for further discussion — somappsals were sufficiently similar that it made seto
combine them.




A breakout session was held for these six topid$, participants selecting the one that interesteain
the most. The rest of day was spent fine-tuningcthrgent of these topics, culminating in a summary
presentation for the entire workshop that evening.

Friday morning started with discussion of the tepifollowed by writing assignments and work on

drafts of the report. The six major topics wereoedted two pages of content for the report. The
remaining 21 topics — combined when they were ciefiitly similar — were allowed a half page. All of

the reports are included in Sections 0 and 5 below.

3 Summary of workshop results

The workshop participants selected a number otfopiresearch areas or directions — as “interésting
and prepared short descriptions of each of thenoking at the areas, it is clear that the focus of
attention was largely on “tasks” or problems thah @erhaps be solved with substantial Information
Retrieval research. Within each, though, are recemew Information Retrieval challenges — e.g.,
privacy, mobility, social networks — and often diaschallenges — e.g., evaluation, context, sceders

— that require research to be adapted to new danadéw settings, or new modes of interaction.

It is important to highlight that the selected tpreflect the interests and backgrounds of th&simp
participants and are not meant to be an exhaussivef Information Retrieval challenges. Furthemamo
except for selecting six of the topics as “mosgiesting” to the attendees, this is a non-prieditist of
potentially fruitful research directions. A set lmfoad themes emerged within and across the topics,
which are described here:

* Not just a ranked listThis theme incorporates topics that move beyoadkassic “single ad-
hoc query and ranked list” approach, consideriogei modes of querying, models of interaction,
and approaches to answering.

» Help for usersThis theme brings together topics reflecting widng Information Retrieval
technology can be extended to support users mosally;, including ways to bring IR to
inexperienced, illiterate, and disabled users.

» Capturing contextThis theme touches topics that look at ways torperate what is happening
with and around a user to affect querying and tgsekentation. In particular, this theme treats
people using search systems, their context, anditiiermation needs as critical aspects
needing exploration.

» Information, not document3his theme crosses topics that seek to pushniation Retrieval
research beyondocumentetrieval and into more complex types of data iswede complicated
results.

* Domains This theme is part of topics that consider infation that is not simply text and that
has not been thoroughly explored by IR researdarse data with restricted access, collections
of “apps,” and richly connected workplace data.

» Evaluation A perennial issue in Information Retrieval, exalan remains important,
particularly as the field expands into new chalksgrhis theme includes topics that require or
suggest new techniques for evaluation as well @setthat need evaluation in the context of new
challenges.

The table on the next page identifies where thbemés occur in the described topics. The six slect
topics are listed first; topics are otherwise lisie alphabetical order.
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4 Topics Discussed At Length

This section presents summaries of the six resedireltions, project ideas, and challenge aredas tha
were discussed extensively at the workshop. Asriestin Section 2.2, these topics were selected by
the workshop participants from a larger group ottt were proposed. These six were then discussed
in additional breakout groups as well as plenasgiea. After highly similar topics of the remainiBg
were merged, 21 remained. They are briefly desdnibé&ection 5 of this report.

The topics are listed in alphabetical order.

4.1 Conversational Answer Retrieval: QA Meets IR

Current IR systems provide ranked lists of docusé@mtresponse to a wide range of keyword queries
with little restriction on the domain or topic. Cent question answering (QA) systems, on the other
hand, provide more specific answers to a very échitange of natural language questions. Both tgpes
system use some form of limited dialogue to refiqueries and answers. The aim of this proposed
research area is to combine the advantages of thesapproaches to provide effective retrieval of
appropriate answers to a wide range of questiopsesged in natural language, with rich user-system
dialogue as a crucial component for understandiegguestion and refining the answers. We call this
new areaonversational answer retrieval

1.1.1 Motivation

Conversational answer retrieval has, to some exbe®n the underlying goal of information retrieval
for many years. Systems with these types of cafiabilhave been imagined many times in literature
and film. The huge success of web search engineg keyword queries and ranked lists of documents
led some to speculate that the web approaes information retrieval. Recently, however, this
assumption has been challenged by the instant @ogyubnd positive reaction to systems such as
Apple’s Siri and IBM’s Watson. These systems, astdrom the public perspective, respond to spoken
natural language interaction and questions withuate answers in a conversational style. This,
combined with the popularity of natural languagetiaction in social question answering serviceshsu
as Yahoo! Answers, strongly suggests that the twae come for designers of information retrieval
systems to take on the challenges of developingctfe techniques for providing answers through
open-domain, person-machine conversations.

4.1.1 Proposed research

Many aspects of this challenge will require deforitand explanation in order to make progress and
construct a common research agenda. Even defihengdsic terms such as what constitutes a question,
an answer, and a dialogue in this context can fieudi. One approach to understanding the probiem

to look at what these terms mean in current systemisthen use this as a basis for defining the new
type of system. The following list summarizes tharacteristics (and differences) of current IR @#d
systems along three dimensions: the question,ighegdie, and the answer.

e Question

o IR: Queries are open domain and typically condiskeywords” (important words and phrases).
Query processing includes stemming, stopword reinand expansion.

o QA: Questions are natural language and cover addnwiange of question “types”, such as some
“wh-* questions (when, who). Query processing idels parsing and “understanding” based on
type classification.

e Dialogue

o IR: Limited forms of dialogue supported such asrgusiggestion used to refine the query.
Relevance feedback is a dialogue-based techniqiastlused to refine results. Faceted search




systems allow result tuning by metadata valuescéled “Boolean” search engines support the
use of previous queries and results in new queries.

o QA: Limited natural language dialogue used to faguestion by resolving anaphora, co-
references, and other forms of ambiguity.

* Answer

o0 IR: Answers are typically ranked lists of documeriist may also be snippets or passages in
documents.

o0 QA: Answers are extracted from text and are typjcdhctoids” or named entities of specific
types matching question requirements. Answers ares roonstrained than IR document lists
and consequently can often be judged as “correoterdefinitively than a document is judged
“relevant”.

Given this list, what are the desired charactesstif a conversational answer retrieval (CAR) syste
striking a balance between significant new capidsliand feasibility in a five-year research progpa
On the question dimension, we should clearly ainoften-domain, natural language text questions. We
want to avoid, as much as possible, the problenthefsystem suddenly switching modes when it
encounters a question it cannot handle. In orddret@ble to identify more specific and appropriate
answers, we need to have some level of understgradinn current QA systems. This does not mean,
however, that we need to develop specific techrmdaoeprocessing every possible type of questiah an
answer. Instead, we need to develop more genepabaghes to identifying as many constraints as
possible on the answers for questions, based atigngrocessing and dialogue.

The dialogue in the CAR system should be primardyural language although actions such as pointing
and clicking would also be useful. Dialogue woukl ihitiated by the searcher and proactively by the
system. The dialogue would be about questions asders, with the aim of refining the understanding
of questions and improving the quality of answéteevious parts of the dialogue, such as previous
guestions or answers, should be able to be reféoradthe dialogue, also with the aim of refiniagd
understanding. Dialogue, in other words, shouldubed to fill the inevitable gaps in the system’s
knowledge about possible question types and answers

The answers in the CAR system should be extractad the corpus (or corpora) being searched, and
may be at different levels of granularity, depegdon the question. For some questions, a short text
fragment such as a named entity may be approprétieough the context of the answer is also
important. For other questions, text passagesterks groups of passages, documents, or even groups
of documents may be appropriate answers. Evenstaiigres, images, or videos might be a preferred
response: answers should match what is known atheuguestion requirements and should be as
constrained as possible. The goal should be timking is a secondary characteristic of the answers
rather than a primary one as in current IR systems.

4.1.2 Research challenges

There aremanyresearch challenges to be addressed in develtpenframework for a CAR system.
Some of those challenges are:

» Definitions of question and answer for open dons&arching

» Techniques for representing questions and answers

» Techniques for reasoning about and ranking answers

» Techniques for representing a mixed-initiative CéiRlogue

» Effective dialogue actions for improving questiarderstanding

» Effective dialogue actions for refining answers




4.1.3 Broader impact

A major initiative to develop a CAR system wouldvlaa significant impact on the IR research

community and would lead to many exciting new redealirections. The development of an effective

framework to accomplish the goals of CAR would diswe a major impact on the search industry and
has the potential of leading to many possible cororalkproducts.

4.1.4 Obstacles and risks

NLP is difficult, as is text understanding and miieg answers. If the ideas in CAR were easy, they
would already have been done, because the motivadido them is very strong. This is at least a-fiv
year initiative and requires more than one teamesd¢archers to work on the associated problems.

4.2 Empowering Users to Search and Learn

IR systems can and should play a more centralimleelping people develop their search skills, in
supporting a larger variety of more sophisticatedrsh strategies, and in supporting deeper learning
experiences through the provision of integrativekvenvironments that include a variety of tools for
exploring information and a variety of interfaceatt support different types of information behasjor
interactions and outcomes.

4.2.1 Motivation

While the convenience of contemporary search esgen@bles fast, easy and efficient access to certai
types of information, the search behaviors leartiedugh such interactions, when translated to tasks
where deeper learning is required, often fail. 8eangines are currently optimized for look-up sask
and not tasks that require more sustained interatiwith information. We submit that when
completing other types of search tasks, users aitoally engage in the mode in which they have been
conditioned to interact; however, this mode is kally to lead to useful outcomes for tasks that irequ
deeper learning and retention. Over time, searttaer has converged on a small number of tactics
that transform the user into @assiveinformation receiverrather than aractive information seeker
Users do not even have to create their own quarigsiore and soon they may not even have to think of
their own information needs (see Section 4.3).

Search engines are powerful intellectual techne®ghat structure people’s thinking and activitiHss
proposal is focused on the cognitive consequenicesanch and posits that contemporary search engine
have conditioned users to interact with informatiomvays that are suboptimal for many types of dear
tasks and for deeper learning. Central to this gsapis the idea adigency We seek t@mpowerusers

to be more proactive and critical thinkers during information search process. In order to achileise

we believe it is necessary to help users develdfehaformation search skills and provide better
support for information interaction and understagdi

4.2.2 Proposed research

The proposed research can be divided into threeormajeas: (1) understanding the cognitive
consequences of search, (2) helping people becetter land more critical searchers and consumers of
information, and (3) helping people achieve higlesels of learning through the provision of more
sophisticated, integrative, and diverse searclhrenments.

The first research area is related to understandimydocumenting the problem put forward by this
proposal, which is that people have been conditldmg contemporary search engines to interact in
particular ways that prevent them from achievinghker levels of learning. Example research questions
include: (1) What cognitive biases are fostereddgrch systems? How do these inhibit/foster pdaticu
behaviors and outcomes? (2) In what ways do curfnsystems condition users to interact in a
particular way? How persistent is this mode of niatdon? Does it interfere with users’ abilities to
successfully complete other types of search tagRsih what ways do current IR systems affect users




learning processes? Do current IR systems leaddp grocessing or do they mostly support supefficia
consumption of nuggets? There is a growing bodwritfng, both critical and empirical, that examines
the cognitive consequences of search. We belieeelRhcommunity should proactively respond by
launching our own investigations of these issuasdeveloping new technologies that foster additiona
types of interaction and learning.

The second research area is related to helping Ummrome better and more critical searchers and
consumers of information. While the acquisition sgfarch skills is a topic that has been primarily
addressed in the library science literature angractice, by librarians, there has been little gné¢ion

of information literacy education with search syste Typically, instructional methods consist ofdac
to-face classes or online tutorials which are rest/\engaging. We propose that search systems agn pl
a more integral role in helping users acquire betgarch skills through the provision of tips, ®&ol
feedback and games that help users develop thés ska more fluid and fun way. These include
general search skills, as well as specialized beskidls that might be appropriate for particulanthins

or tasks (e.g., medical search). We further propbaesearch systems support a wider range of more
diverse search tactics and provide users with rdiffieviews of information.

The third major research area is concerned witpihglpeople achieve higher levels of learning tigiou
the provision of more sophisticated, integrativel aiverse search environments that support greater
information immersion and more nuanced types ahleg. Systems should go beyond the provision of
static results lists for query resolution to theyasion of dynamic search results lists that alttifferent
views and rankings of information based on difféqgmoperties of the information and the user’'s work
tasks. Systems should also provide tools that alisers to explore, analyze and synthesize infoonati
and interact and engage with information in morammgful ways.

4.2.3 Research challenges

The proposed search system will need some awarefeassdividual users, especially given that the
concept of learning underpins much of the propassdarch. Users come to the system with particular
search expertise, domain expertise, cognitive tas]i and motivations. It is expected that these
characteristics will change over time with increhsateraction with the system and information.
Understanding how to diagnosis, represent, and tapthas information over time is an important
research challenge. This type of information wét gepresented in the system user modelshow to

do this is another obvious challenge.

The system should further conta@sk modelshat represent an understanding of the procesgkstaps
required to complete particular types of tasks. &tathinding the composition of such models, as agll
how to represent and update these models overatienalso important research challenges. Furthermore
understanding how to provide task specific supgamtd what this means) is a challenge. We envision
that many current models of the information segmatess, and in particular models that divide dearc
into different stages or phrases (see Section WiB)provide a foundation for this component.

The system should also contaiontent model$o represent different types of content (e.g., sSpaper
articles, images, videos) and the important charestics of such content (e.g., authority, divejsihat
can be used to facilitate users’ interactions Witls content. The system should employ different
methods of analysidor processing, representing and using this cdnt&mally, new search
environments including search techniques and interfaces, wded to be created to support the
development of search skills and deeper and moesmgful interactions with information.

Finally, this proposal raises several challengeduding evaluating the tools’ impact — both those
designed to help people become better searcherthasel designed to help people more deeply interact
with information — on learning outcomes such asglerm retention of information and improved
critical thinking skills. Of course, holistic andvdrse measures and methods will need to be deselop




4.2.4 Broader impact

This proposed research has the potential to emppeeple through the attainment and mastery of
better information search skills and the provisudrsearch environments that support deeper learning
This should lead to better work products, moreilfuiy leisure pursuits, increased opportunitieslite-
long learning, and greater self-actualization. Wuek of this proposal also brings together reseansh
from many different areas including IR, interactiil®, human-computer interaction, information-
seeking behavior, psychology, education, and lbsarence.

4.2.4.10bstacles and risks

There are several obstacles and risks. First, usess make an explicit choice to use these todies@
tools are likely to interrupt and disrupt a comédate searching style. We will need to make tood th
will lead to meaningful and positive outcomes to tiwete adoption. Another risk is that the
development of tools that highlight particular deristics of content, such as authority, mightlé
adversarial web page authoring and/or introducerotypes of search bias. Such tools might also be
viewed as overly paternalistic and controlling.dHy, such tools might lead to the establishmene#
comfort zones that do not actually lead to higleeels of learning.

4.3 Finding What You Need with Zero Query Terms (or Les)

Future information retrieval systems must anti@patser needs and respond with information
appropriate to the current context without the usaving to enter a query or even initiate an
interaction with the system. In a mobile contexthsia system might take the form of an app that
recommends interesting places and activities basethe user’s location, personal preferences, past
history, and environmental factors such as weathdrtime. In a traditional desktop environment,hsuc
a system might monitor ongoing activities and ssggelated information, or track news, blogs, and
social media for interesting updates. In any caseh systems must allow users to quickly act on the
information and suggestions. While such systemsldvganerally remain unobtrusive, waiting for the
user to initiate an interaction (but providing “@eguery terms”), sometimes the system might
proactively interrupt the user to provide critia#fiormation (which we call “less than zero quermnts”).

4.3.1 Motivation

The need for these systems increases in mobilea@ments, where the user’s ability to interact with

the system is hampered by the physical limitatiohthe devices. On the other hand, development of
these technologies is enabled by the context peovity mobile devices, which can provide a detailed
account of the user’s location, movements, acéigiind interests. Overall, much more of a perdda’s

is online and always available, particularly thrbwpcial media and other online interactions.

In contrast to traditional search engines, thessesys must function without an explicit query,

depending on context and personalization in ordennderstand user needs. In contrast to traditional
recommender systems, these systems must be opeaindonfeally able to make suggestion and

synthesize information from multiple sources, inad) multiple people, objects and actions.

In one form, we imagine a personal assistant wbweiges a key document at just the right time, sends
meeting summary to someone’s mobile device jughag sit down, or even “whispers in one’s ear”
short biographical facts about the people at a imge¥While few people can afford to hire a personal
assistant to perform these tasks, core technol@geesow in place to automate them. For exampée, th
DARPA CALO projectl] and Apple’s Siri, its iPhone spin-off has already examined core tasks in
this area. Here, we propose a stronger, IR-oriefttegs on automating the search process in theegbnt

of current activities.

In another form, we imagine a system that autorallyigathers information related to an upcomindstas
For example, if someone were planning to write @oreduring a long plane trip, they might find the




necessary background information already availabke folder on their laptop. In order to achievisth
goal, the system would need to be aware of cuardtplanned activities, automatically gathering and
organizing information in a forward looking fashion

In an extreme version, we imagine someone’s phimygng as they walk down the street, interrupting
their thoughts with the message that the love eif tlife is sitting in café they are just walkinggi. In
this case, the urgency of the information neediag¢d to outweigh the annoyance of the interruption
In order to reach this level of performance, dewghts into personality and preference are reduire

4.3.2 Proposed research

Many core IR issues are related to this problemtiquéarly given the increasingly rich, personadan
heterogeneous signals and domains involved in tlgseems. Research in this area requires new
representations of information and user needsgahdth methods for matching the two and presenting
the results.

Other problems include methods for modeling pertask, and context; methods for finding “objects of
interest”, including content, people, objects antloas; and methods for determining what, how and
when to show material of interest.

4.3.3 Research challenges

This research requires efforts to study usersypraé user behavior, prototype systems, and develop
appropriate evaluation methodologies, and thersaostantial challenges in all of these areas.

User-related challenges include: methods for dgadiith rich interaction sequences; use of multi-alod
sensor data; open domain, time- and geo-sensjtitityst, transparency, privacy; determining
interruptibility; summarization — e.g., why the sm made this suggestion for this person, now and
here; amount of time or information required — e5gminutes to kill vs. 15 hours on a plane; amgl lo
and interaction analysis.

Prototype development challenges include data gathend synthesis; power management in mobile
contexts; user interface/interaction, particulamlynobile contexts; and deployment and loggingattd

Evaluation challenges include the development othoublogies to assess the quality of specific
systems and suggestions, as well as the creati@pmbpriate test collections and methodologies to
allow results to be compared across research groups

4.3.4 Broader impact
We foresee three broad areas of impact:

1. Filling information gapson demandFor example, a desktop app might populate a stagen
with personalized information and updates, or ailaapp might suggest ideas to fill free time.
Neither app would require the user to enter a quetgraction may be limited to browsing
information and rejecting ideas.

2. Proactivelywhispering in one’s earmperhaps through a screen on mobile device, ditdnally
whispering in one’s ear through a headset. Proaatiformation gathering might also take place
on a non-real time basis, such as gathering infoom#or a forthcoming plane trip.

3. | Really Mean It Nowldentifying when and how a user can and shoulohtggrupted to provide
essential information, either because of a negaixent, such as an emergency, or a positive
event, such as finding the love of one’s life.

4.3.5 Obstacles and risks

Achieving success requires a close interaction witimerous fields of computer science, including
information agents, data mining, ubiquitous compytNLP, and HCI.




4.4 Mobile Information Retrieval Analytics (MIRA)

During the last decade people have begun carryiobilexdevices and using them for a variety of
communication, social interaction, information sagkand other routine tasks. In spite of theirquitty,

no company or researcher has an understanding bilaniaformation access that spans a variety of
tasks, modes of interaction, or software applicetioThis lack of understanding is an obstacle to
scientific study and the development of new tobé provide more effective information access.

The first stage of this project develops a methoglpland tools for large-scale collection of datawdb
mobile information access. The information gathepedvides the foundation for a second stage, in
which we will develop benchmark tasks, test coitew, and evaluation methodologies for community-
wide research initiatives. The project will be &sess when the tools and resources developed ede us
by subsequent research projects that develop iredrimformation access technologies.

4.4.1 Motivation

Mobile devices are an important source of infororatior much of the public. Tools and technologies
developed for desktop and fixed computing platfooas’t capture much of the information about how
people use mobile devices. A company that providebile devices, software, or services can capture
some types of information, but usually is unabledastruct a view that spans multiple applicatidf.
example, a search service provider might know #hauery was issued, but not know whether the
results it provided resulted in consequent actidre lack of a more comprehensive understanding of a
person’s mobile information seeking and usage misvprogress on a variety of important research
guestions.

How a person’s information need (e.g., a querygrantts with contextual features, such as the p&rson
location, platform, and behavioral pattern is apamtant topic for research, one that has beenesduak
an issue of interaction design, but is largely ymhesed within the IR community.

People have large social networks, however the aotk value of each individual is context-specific.
The mobile environment is ideal for studying sociatwork activation dynamics and how a person’s
global social network is refined into task- or seftspecific social networks.

The identification of commorypesof web search queries led to query classificaiod algorithms
tuned for different purposes, which improved weéarske accuracy. A similar understanding for mobile
information seeking would focus research on thélgras of highest value to mobile users.

The mobile environment enables study of how infdroma seeking spans apps and services. For
example, a person may check foursquare to finciwests, search for restaurant reviews on yelp, and
then phone to make a reservation. Understandirgs@pp interaction patterns enables development of
context-specific authority metrics, study of crossdal information seeking (e.g., text, voice), and
research on how online activities lead to useoadiand vice versa).

Mobile devices have small screens and can be dliffto hear in noisy environments, thus they are a
unique environment in which to studshatinformation, whakind of information, and whagranularity
of information to deliver for different tasks anontexts.

4.4.2 Proposed research

The project consists of a first phase that develbpsethodology and tools for collecting data about
mobile information access, and a second phasedihatlops benchmark tasks, test collections, and
evaluation methodologies that enable reproducesearch.

4.4.2.1Developing a Holistic View of Mobile Information Access

The first project component is a methodology amastdor doing large-scale collection of data about

mobile information access. The methodology usesveoé applications installed on a person’s mobile
device to capture information about how the deviceised. A toolkit is developed to provide basic




logging capabilities. The toolkit can be deployeithia different types of applications, for exampée,
passive monitor, a game, or an application thatiges a useful service. The toolkit can also beluse
capture different types of information, to suppdifferent research agendas. The goal is to develop
applications that might be installed on severalifamd devices.

There is precedent for this activity in other sgfi. Commercial search engines use browser todibars
collect information that is used to improve seaselvices; the public generally considers this atzds#e

and benign. Spyware is embedded within softwaréowmit a user’'s knowledge to capture information
for unknown purposes; the public generally considars unacceptable and a threat. Capturing broad
mobile information in a socially-acceptable manmegjuires research on several topics.

Research on incentive mechanisms is required temstahd situations in which people are willing to
allow their behavior to be monitored. For exampgl@all monetary rewards, free games, social good,
and a useful free service are all incentives tmatwsed successfully in other settings. Research on
acceptable practices is required to understand viatures and practices provide a sense of
transparency for consumers, for example, periogicip and easy removal. Research on privacy is
required to understand what can be protected kasdaticenses alone, what must be anonymized, and
tradeoffs between anonymization and data utility.

The result of the first phase of the project isethmdology, a set of tools, and a set of best jpethat
support the collection of useful data about moinfermation access in a variety of situations.

4.4.2.2Community-Wide Evaluation and Participation

A large data gathering effort is only worthwhileiifenables high-quality research, thus the second
project component is the development of well-defimgformation seeking tasks and supporting data
collections that represent important real-world ifelmformation seeking situations. The tasks aathd
collections would be designed to support quantéaéivaluation in well-defined evaluation frameworks
that lead to repeatable scientific research. Theylev be deployed in large-scale community-wide
evaluations of information retrieval research sasiREC, CLEF, NTCIR, or FIRE.

Annual evaluations such as those attract manyeob#ést researchers from around the world. Theysfocu
the attention of a broad and high-quality reseaamnmunity on a small set of specific problems. They
also involve that community in establishing welfided problems and evaluation methodologies that
produce repeatable science and become standardthdoscientific community. Engaging these
evaluation forums to shape scientific research estdblish a long-term research agenda for mobile
information seeking is of the highest priority.

4.4.3 Broader impact

This project is enabling technology that is a gatiafor groundbreaking research on mobile infororati
access. It develops a data-gathering frameworlgftavare toolkit, and a set of “best practices” that
enable data collection about information seekingneoobile platforms in a manner that university
internal review boards (IRBs) will find acceptablé.uses the collected data to develop a set of
representative and well-defined tasks and datedodns that can be used in community-wide research
forums, thus enabling and supporting researchlirpad scientific community.

4.4 .4 Obstacles and risks

The project will need to address four importanttables. First is developing incentive mechanisnas th
will cause enough people (several thousand pedplé)stall software that allows their activity t@ b
monitored. Second is developing data collectiorsd #re sufficiently detailed to be useful whildlsti
protecting people’s privacy. Third is collectiondsdta in a manner that university internal revienaroals

will consider acceptable ethically. Fourth is cotien of data in a manner that does not violate the
Terms of Use restrictions of commercial servicevters. None of these obstacles are insurmountable.




4.4 5 Related initiatives

There are several potentially-related initiativBise TREC 2012 Contextual Suggestion Track will gtud
how context and user interests affect web seardobz&ro-queryresearch task (Section 4.3) also studies
how to deliver information proactively, using onhformation about a user’s interests and contelke T
Center for Embedded Network Sensing (CENS) at U®GBA developed projects and tools that capture
data from mobile phones, and thus might have eiggeend resources that would contribute to the
project.

4.5 The Structure Dimension

A key research question to be addressed by IR n&dssa in the next decade is: How do we move
beyond simple document retrieval? Better integratd structured and unstructured information to
seamlessly meet a user’s information needs is mipnog, but underdeveloped area of exploration. Can
we take advantage of the synergies between linkea, éhformation extraction, collaborative editing,
and other structured information to improve sedne&adth and quality?

4.5.1 Motivation

All data has structure, whether it is explicit onplicit. Even classic document retrieval assumes a
structure where full-text documents are delineakéalvever, the structural dimension stretches beyond
plain document layout to include type informatiotentifying entities, user profiles, contextual
annotations, as well as (typed) links between métdion objects ranging from web pages to social
media messages. Users routinely access and amaéanfarmation from multiple inputs while
interacting continuously within a virtual environnieWhile harmonizing various heterogeneous inputs
from a user’s environment is a major challenge, @portunities to improve the search experience
arise — humans can take an active role in the nmition seeking processes. For example, human
computation in a crowd-sourcing platform or “frieadurcing” information requests in a person’s own
social network could be integrated into the seaxqgberience. Mixing structured and unstructured data
representations is not a new research idea. Howe@nt changes in how users access information on
the Internet are increasing the importance of ngpwayond traditional ranked documents retrievaé Th
real challenge is that the underlying structure mayhidden in the data or even in the represemtatio
Related fields are making progress in uncoverig $tructure — incrementally driven by human effort
as in the data spaces abstraction proposed fonttagement or the development of the semantic web;
or, automatically created from natural languagecessing by machines reading the web and the
heterogeneous information networks discovered webhniques originated in the data mining
community. In spite of the increasing availabildly structural information, considerable work must b
done before we can fully utilize these new modelssignificantly improve the information seeking
experience.

Clearly, the information retrieval community is Wpbsitioned to investigate and remove uncertasntie
arising in this process, whether these are caugdtiebselection of heterogeneous resources or éy th
unification of varying structure and quality of fseresources and their annotations.

4.5.2 Proposed research

Are user information needs really answered bytaofislocuments without further processing? Consider
a variety of everyday contexts that may triggepinfation seeking: pruning an apple tree, going on a
trip, assessing a job applicant, or deciding whretihe beach one is visiting is safe for swimmingall
of these scenarios, structural information may redppe the information need to the most relevant
subset of resources to consider, and improve thétsepresented by giving more focused answers.

Modern web search engines can already identifyoastto provide better answers for queries invajvi
products, locations, restaurants, movies and artistcommerce systems can dynamically select and
create facets to support interactive exploratiommBin-specific websites, like IMDB and Rotten




Tomatoes for movies, consider a rich result liststaucted from different answer types. Entitieslag
relatively unambiguous pieces of information, ashams for or pivots between the user’s information
need and the representations available to thersy$iamed entities have an equally important role in
digital cultural heritage, where they are the k@ptovide access to multimedia artifacts.

4.5.3 Research challenges

A fundamental challenge in synthesizing structusad unstructured collections is the development of
better approaches to represent information. Heeegcamsider three dimensions of representation:yguer
collection, and result presentation.

Move beyond simple keyword queri€sr a system to accurately find and rank differ@fdrmation
from disparate collections, a new approach to ngixiarm queries, Boolean operations, or other
relational constraints more intuitively is needed.

Design storage representations capable of suppgréfiicient free form querieollections may be
highly dynamic, privacy preserving, or contain was types of unrefined data. How can we represent
the collection in a way that would allow imposingdasired structure at query time? Can we defer
statistical modelling (or even support exact matghefficiently to query time?

Improve result presentatiotHow do we construct a result that mixes aestraetit functional aspects
appropriately? What type of evaluation frameworknseded to quantify the quality of the new
integrated results?

Many related challenges arise. How do we conddetede and efficient search in hybrid networks of
structured and unstructured data, and apply contrat query time to find, process, and synthesize
multiple, loosely cooperating data repositories diameously? Query processing techniques such as
SPARQL, XQuery, SQL, NEXI, XIRQL and the INDRI gydianguage are useful for inspiration — but
are these languages sufficient for our needs? Hodeal with uncertain information within structured
and unstructured data? Links between entities owkedge sources in repositories such as Wikipedia
may be incomplete and noisy. Sampling from hetaregas and distributed sources inherently leads to
uncertainties about the underlying structure. $tmed data generated by information extraction
components may be associated with confidence schrissimportant to design a framework that can
naturally deal with the uncertain information. leqys inference networks and semi-structured
relevance models provide a starting point, but wednnew approaches to dealing with the uncertainty
about the imposed structure; the (semantic) gapemst structured data and unstructured data; and,
efficient solutions that generate desired resalisteractive time.

For all three dimensions - queries, collectionsg] presentation - we need new evaluation methodegogi
that allow us to determine how effectively and @éntly we are delivering the expected resultsrid-e
users. In this context, we need to go beyond thedittonal evaluation paradigm and strive for
developing benchmarks and tasks which are ablerdme the assessment of structured retrieval, as
they do in the semantic and database communitigls , unstructured retrieval, as it is traditionadlgne

in the IR community. Evaluation must address egficly and effectiveness in concert, not indepengentl
as is the usual case in our field. Also, the cdparfihandling heterogeneous sources would be layig
desirable feature to consider. The goal is to redhe barrier-to-entry and better utilize structime
answering complex information needs. Can we desigystem that is flexible enough to express the
models used in approaches to TREC, INEX, and CLEF?

4.5.4 Broader impact

The potential impact is seamless support for complormation seeking tasks. Envision an example
application “Sherlogue”: a computer generated Wilere each user’'s search result is an interactive
wiki page that presents multi-faceted answers.elxample, the query “Design a new course offering on
Information Retrieval” would produce a result pageluding a syllabus, lectures slides, assignmestt t




banks, videos, tutorial write-ups, useful referendmks to area experts, source code and tooisngd
the wiki result interacts directly with both therreval engine (machine) and the user’s social nets/
(human).

4.5.5 Obstacles and risks

Addressing heterogeneous structural views over iphelltdata collections will require advances in
almost every sub-discipline of IR, varying fromiei#ncy to understanding and evaluating multi-vdlue
relevance.

4.6 Understanding People in Order to Improve Information (Retrieval) Systems

Despite widespread acknowledgement that the uraaelistg of users is essential for the creation,

improvement and evaluation of IR systems, themdiilsa large gap between the study of users aad th

study of IR algorithms. Hence, we propose the dgrakent of a research resource for the IR community,
from which hypotheses about how to support peapl@formation interactions can be developed, and

in which IR system designs can be appropriatelyuated.

4.6.1 Motivation

All IR systems have the purpose of supporting peapirough interactions with information, to acldev
their goals and underlying intentions in work, amait, everyday life situations. In order to desaym
evaluate such systems, it is necessary to unddrstengoals that lead people to engage in various
interactions with information, as the goals of sys¢ must be commensurate with the goals of the
people whom the systems are designed to suppach $gstems will need to “understand” people’s
behaviors during their interactions with informatidhe problems they have in realizing their iniem,

and the general nature of their information proldeAithough there has long been a consistent call f
IR research and practice to base their activitrearmderstanding of the people for whom the sysi@ms
intended, both the theoretical arguments for thig] the empirical results which have resulted, have
been largely ignored by the IR system design araduation community. As a consequence, both IR
research and IR evaluation standards and methedpraving to be inadequate for the new types of
interactions with information in which people engagnd the new types of support systems envisioned
for the future. Thus, the goals of our proposedymm are to: provide basic data according to which
characteristics of goals, intentions, behaviors lsandentified across a variety of contexts; depedo
research resource for the IR community, from whiglpotheses about how to support people in
information interactions can be developed, and imctv IR system designs can be appropriately
evaluated; and, provide insight as to how seartdrantion characteristics are shared or differ agnon
for instance, different user groups, search tagksyres, and languages of searching.

What is required to achieve the goals of the pmogsathe systematic investigation and characteaaat
of the goals, intentions, and information interactibehaviors of people across a wide variety of
contexts and situations, with specific referencéRaystem design and evaluation. To date, these ha
not been such research; this program aims explicithddress this gap.

4.6.2 Proposed research

In order to achieve these goals, we propose agraited program of studies of people before, during,
and after engagement with information systems,\atrety of levels, using a variety of methods. 3éde
should include (but not be limited to) a range e¥els from the individual, the group, and the
community; and a range of methods from ethnographysitu observation, controlled observation,
experiment and large-scale logging.

The basis of the proposed program is the estabéishof a set of standard, minimum protocols for the
conduct of studies and of data collection relevardifferent levels and contexts of study, applieab
different types of methods.




We provide general descriptions of two such proas examples of how such a program would work,
and how the results of different types of studsl@ inform one another.

Controlled observation of people engaged in intéoas with informationA standard protocol would
include: detailed specification of the tasks thattipipants in the investigation are asked to pemnfo
where these tasks are presented as “simulated tasks”; detailed demographic description of the
participants in the investigation, and instrumeht elicit participants’ prior experience with eeant
systems; instruments which elicit the participariteowledge of the tasks and their topics, their
expectations of difficulty of the task and estinsatd their likely success, prior to engaging in the
interaction; complete client-side logging of theformation interaction associated with the task;
instruments which elicit participants’ evaluatiointask difficulty, of their success in the taskdaof the
value of system features (if relevant) for taskameplishment; instruments which elicit evaluatioris o
the usefulness of information encountered durirglkeraction for task performance;

Large-scale logging of search session interactighstandard protocol for server-side search logging
would include: no task specification, just completeatural search behavior; logging the contenthef
search results page and clicks on that page; Igggfitimited contextual information, such as thens
location, time of day; logging of implicit indica®including: 1) did they click, 2) did they dwel) did
they return next week.

Large-scale logging on the server side gives ariebsrecord of individual actions than the detaile
observation described before. However, becausedrporates many people’s actions, it is extremely
valuable for: 1) Distribution of queries, 2) Distition of clicks for each query, indicating usertént”,

3) How query-click distributions vary accordingdther factors such as location or time, 4) Ideiidy
overall use cases, based on patterns in the logs.

By following protocols as in the two examples, itlWwe possible to link large-scale, server-sidgdmg,
which has limited kinds of data, but lots of exaelto smaller-scale, client-side studies, whicheha
very rich data, but very few examples.

A result of this program will be establishment ofresearch resource consisting of the records of
information interactions collected by many grougismany sites, in a large variety of specific catge
and situations. This resource will be made avadlabl the IR research community at large, and will
enable the principled study of similarities andeatiénces in goals, intentions, associated behg\ams
success in task performance for many differentdygfgasks, in many different situations. This tese

will also provide an infrastructure for evaluatiohIR systems, at both traditional levels of evéla
(e.g. relevance-based), and more especially, eNatuaf support for information interaction epissde
(e.g. search sessions) as a whole, which has eatpgssible before.

An integral aspect of this program will be shartngls that help to implement the protocols amorng al
groups who participate in this endeavor. It mustnioéed that our proposal requires a site that is
responsible for maintaining and distributing thetpcols, receiving and curating the data from the
cooperating sites, integrating the reports intdngle database, and affording access to the ragulti
database to the IR research community.

4.6.3 Research challenges

Developing a framework for the research resoure¢ th easy to understand and use will be a major
issue.

Challenges facing the research program includéall@ving: agreement on standard protocols amongst
the research community; construction of the re$eassource, and its maintenance; cost of data
collection; dirtiness and sparseness of data; coatidn of data collection for at least minimally
compatible data; instrumenting logging; and anorzymgj.




4.6.4 Broader impact

A systematic categorization of the goals, tasks iatehtions of common information interaction tasks
that people actually undertake is essential foldng and evaluating systems for information retaile

in an increasingly diverse information ecology. tharmore, the establishment of a research resairce

records of information interaction sessions wilalele such research in ways that have previouslg bee
impossible.

More widespread adoption of user investigation wat only support and inform the development of
specific approaches; having a common base of daa i collected will also enable a wider

examination of information seeking behavior that cantribute to the development of the field as a
whole.

4.6.5 Obstacles and risks

IR community inertia, lack of expertise in apprepei methods, cost of relevant studies, findingte& si
and people to maintain the research resource,grfdr such a site.

5 Topics Discussed Briefly

This section includes short discussions of resedirgttions, project ideas, or challenge areaswvieae
discussed in less detail at the workshop. In paeic these represent the 21 areas that were ntedina
as interesting by the first-round breakout groupsvieere not voted as “most” interesting (see Sactio
2.2).

It is important to highlight that this list is nekpected to be exhaustive, even when combined théth
previous section. There are many ideas that wergepted within individual breakout sessions that ar
exciting and interesting, but did not receive erosgpport from that session to be nominated to the
larger group. Nonetheless, this represents anieg@toup of proposals.

The topics are listed in alphabetical order.

5.1 Abstracting Information Retrieval Evaluation

This project aims at abstracting the constituerit$Roevaluation to allow for easier understanding,
comparison, re-use and application of experimamtsults. It will develop methods, algorithms, amd a
open infrastructure to address the diversity dedent evaluation tasks, activities, and systems.

Motivation. IR evaluation is challenged by variety and fragragah in many respects — diverse tasks
and metrics, heterogeneous collections, differgstesns, alternative approaches for managing the
experimental data. Not only does this hamper theeigdizability and exploitability of the resultstau

also increases the effort and cost needed to peosluch experimental results and to further expheim.
Currently, the development of new data sets, tamhkd, metrics requires large overhead for organizers
and participants. Abstracting over these constiti@s well as over the obtained results is cruoial
scale-up evaluation. While defining these abstoastiis not new, the problem has not been addressed
systematically as a community and the existengedfal or overlapping solutions favors fragmerutati
rather than shared understanding and re-use.

Proposal. Abstracting evaluation infrastructure requires ndata models, modular architectures,
scalable solutions, and interoperability to managake accessible, curate, and enrich ever incrgasin
amounts of experimental data. Abstracting acrosduation tasks requires shared representations of
information units across tasks and their associatedrics as well as efficient assessment of a
(presumably) larger set of information units thacwments. Abstracting across evaluation runs reguir
dealing with sampling bias, non-stationary colleasi and relevance, and re-using data from historic
interaction sequences.




Challenges.The proposed abstractions require both (1) crassglinary competencies, coming from
information retrieval, databases, and statistind, (@) combining them in an effective way whichgas
from creating unifying models to designing and depmg infrastructures supporting them.
Furthermore, openness and community involvementfamdamental to ensure that a consensus is
reached and approaches are shared. Finally, funidinggucial for the generation of ideas, for the
development, and for the sustainability over theetof the resulting infrastructures.

Related efforts. Nugget-based test collection creation represemtsxample of abstraction over tasks
and information units. Evaluation infrastructuregjch as the DIRECT system used in CLEF,
community repositories, such as EvaluatIR.orgher®pen Relevance Project by the Apache Software
Foundation are cases of systems trying to absbraat collections, evaluation activities, and evabra
runs.

5.2 Adapting to Various Sites, Tasks, and Contexts

Numerous tasks and applications cannot be servethingard off-the-shelf search engines. We lack the
methodology and tool support to adapt an enginestosage context, be it automatic or through exper
intervention. We need approaches for the desigruation and deployment of adaptive systems.

Motivation. The presumption that a general purpose searcineiegn fulfill all needs of a specific site,

a specific user group, or a specific collectionhweiit parameter tuning is wrong. Search as encaeahter

in its most general form on the web is highly efifee and convenient for a majority of search
transactions. However, for the numerous specifiedeeand tasks in various organizations and self-
selected user groups and communities, informagakiag can be a cumbersome process which is only
partially supported: multi-lingual and cross-cudluissues, quality assurance requirements, in-house
jargon, etc., interact to make site-specific andpaable search technology a necessity. Since users
nowadays expect similar convenience and effects®fi®m in-house system that they are used to in a
web context, many organizations outsource theircbeaeeds to web search site-level indexes. In
practice however, a tailored enterprise searchisoluvould be most effective, if not too costly.

Proposal. This activity aims to formulate a design, testiegaluation, and application framework for
the intersection of task models, use cases, dyndinmwledge representations, and structured
information, including existing installed systems.

As an example evaluation of the resulting work,stder pointing a set of adaptable enterprise search
systems at a new site. Compare their representafidhe site with respect to index terms, inferred

concepts, identified and highlighted divergencemfr@eneral language use, relation of inside

information to outside information such as othepwn sites, conceptual models, and relevant data
streams.

Challenges.There are countless ways in which sites, taskscantexts can vary, and settling on one or
more to explore will require the availability — peeably broad availability — of data and userss Ihot
clear in advance how to evaluate the success gftimdasystems given the interplay between the
variables.

5.3 Axiometrics — Foundations of Evaluation Metrics ininformation Retrieval

Already around 100 IR effectiveness metrics exastd more keep appearing. This project aims at
understanding the relationships among them, in deoin both axiomatic properties and statistical
relations, for both metric science (understandihiguetrics) and engineering (development of metrics)

Motivation. The choice of the effectiveness metric that we insour evaluation experiments depends
on the current fashion. From a practical point mw the current situation is that many researchers
simply use the most popular metric, without furtirerestigation into its suitability for the probleat
hand. There is also the temptation for researdiloetioose, among all available metrics, thosehbht




to corroborate their claims. To avoid this situatiave need a better understanding of metrics. In
addition, new metrics are being proposed continypasd many of them rely on an arbitrary choice of
parameters (for example, the logarithm discounttion in (N)DCG). A more complete understanding
of these factors would help researchers to make méormed choices.

Both companies and stakeholders will benefit fromofnetrics because of the better understanding of
the properties and suitability of a metric for thek at hand. Companies will not waste time andayon
in tuning their systems according to the wrong rador their purposes. Stakeholders and customers
will be able to better interpret and understand tiviethe performance reported according to a given
metric are really representative of their needs whdther a reported improvement will have an actual
impact on their business.

Proposal There have been some studies in this directidngclware the natural starting points: some
apply formal constraints to define suitable metriasfew present their evaluation metrics using a
probabilistic framework. Measurement theory is aagseful tool. The ultimate goal would be to devis
a general framework capable of taking into acca@tvarious notions of relevance (binary, categorie
etc.), retrieval (binary/set, ranking, categorgds,), and metric requirements (axioms, formal traists

and empirical properties that any metric must/sthaaltisfy). Models of users and tasks can be used a
starting point for designing the axioms. Such anffwork would help to increase the transparency and
understandability of metrics.

5.4 Before and After the Mobile Query: A Holistic Approach to User Context

Understanding a user’s offline and online contexhe key to increasing user engagement with mobile
information and media applications. Furthermoremimbile devices, user engagement is a better metric
for the success of a search application than toadit precision/recall-based approaches.

Motivation. Because of the limited real estate on a mobilecde metrics based on precision and recall

are of limited utility. We propose that the usegisgagement with the application is a more reliable
metric for relevance and success in this domairrdéJsngage with an application because it provides
them a satisfying experience in their interactiathvinformation and media. Because mobile devices
are carried with the user on the go, the user'sagagent with an application is just as dependent on
their offline context as it is on their online cext.

Proposal We propose a study of offline context and itsaatieh to the online context of a user’s
interaction. This involves employing a wide randesensors in the device (gathering ambient sounds,
spatial directionality, temperature, etc.) as vl cross-application data gathering, and ethnograph
studies to know what a user was doing at the tifriateraction. We propose to use this knowledge to
design better experiences by understanding thésumsgagement with the device as a whole, and avith
given application in particular.

Challenges Ethnographic studies are difficult to do on agéaiscale. Users themselves may not be
aware of why they find an application engaging, chhivill make it difficult to elicit information frm
them about this. As for engagement, there are naarigbles that affect engagement (the user’s @flin
context, the application interface, whether ther dses an information need or an entertainment need)
which will need to be decoupled in order to be usw®d. Finally, we need to understand the
relationship between engagement and satisfaction.

Related efforts Related initiatives include the context-award phbne within MIT's MIThril project,
the University of Helsinki’s freely available CortPhone platform, and the “reality mining” effort o
Eagle and Pentland that seeks to mine data callécim cell phones. This topic is also stronghatet
to the Mobile IR Analytics (Section 4.4) and Zerae®y Terms (Section 4.3) topics.




5.5 Community Evaluation Service

This project will provide an “experimental IR evation service” available to the community for
research and educational purposes. The criticdlecige is to provide funding resources and on-going
support.

Motivation. Evaluation using large data sets is often del&@rab Information Retrieval in order to
provide corroboration of claimed improvements iarsé effectiveness, search efficiency, or both. But
running experiments on terabyte-sized datasetsire=gwsophisticated software tools, non-trivial
computing hardware, and access to suitable detalssige research groups acquire these resourees ov
multi-year multi-project spans, and experimentahmatum and know-how is passed from one cohort
of students and postdocs to the next; often witlporg professional software engineering suppor, an
extensive codebases. But small research groupgHask resources, and face ever-mounting baroers t
entry. Even the largest of research groups facasmmeal “drought” periods when key personnel leave,
or when funding is temporarily unavailable.

Proposal This project will provide an “experimental IR dwation service” that has the following
desiderata: low barriers to entry for standard embibns and tasks, recording and validation of
experimental runs (for future baselines), incorgoraof new data sets as quickly as possible, rieed
only limited local resources for researchers, dexiliility of processing. The project will be a sess if

a new graduate student is able to do their firgteemental run against a ClueWeb-sized collection
within a month of commencing.

Challenges Provision of ongoing funding for such a serviselearly a challenge. We suggest that the
project be funded via a combination of modest stison fees or membership fees from researchers
making use of the services, of the order of periap$1-2k per year per user; specific research grant
funding, of the order of perhaps US$10-50k per ygam national or international funding bodiesdan
philanthropic donations from major search servicésthe order of perhaps US$50-100k per year from
each of three or more companies.

Related efforts Search systems and toolkits such as Lemur andeTqrovide related support. A
workshop on open-source IR will occur at SIGIR 2012

5.6 Exploring the Intersection of Social and Algorithmic Search

Global growth in Internet connectivity and parteijon is driving a renaissancehmman computatian
use of people rather than machines to perform icedamputations for which human competency
exceeds that of state-of-the-art algorithms (elghad tasks such as interpreting text or imagé#jile
integrating human computation with algorithms hasteptial to greatly improve state-of-the-art
performance over today’s IR systems, realizing plotential will require new research to ascertaw h
this emerging computing paradigm can be most e¥fegtemployed in the field of IR.

Motivation . Just as cloud computing enables us to utilizé Wasrnet computing resources on demand
and at-scalegrowdsourcingets us similarly call upon the online crowd tofpem human computation
tasks on-demand and at-scale. This newfound abitityintegrate human computation alongside
algorithms greatly expands traditional accuracyeticost tradeoffs and represents a disruptive shift
design and implementation of computing systems. Nweirid, socio-computational systems can
harness theollective intelligencéor wisdom)of the crowd in concert with automation to betekie
large and/or difficult processing tasks. While tiRe community already has a rich understanding of
systems and user-centered design issues, crowd-bas®uting represents a significant departure from
existing knowledge and practice. How can we innevdé¢sign, implementation, and evaluation IR
systems in order to effectively incentivize, inaorgte, and benefit from crowd participation?

Proposal New IR research is needed to determine how td eféectively blend algorithms and crowd
participation to quickly, accurately, and affordal) collect IR-specific data, such as topicdexance




judgments or search logs; (ii) conduct human subjegsearch, such as interactive IR studies; and (i
deliver enhanced search solutions which blend ticadil search algorithms with social search via
community portals, social networks, and/or dynafiye@rmed online collaborations. In comparison to
current approaches, we anticipate crowd-based isotuwill yield superior data-collection, research
infrastructure, and search systems that are fastee accurate (or diverse), and/or cheaper.

Challenges Effectively integrating human computation in IRys&ems represents a broad
interdisciplinary challenge, spanning informatiomdacomputer science, psychology, sociology, and
economics. How can we facilitate productive crossiglinary knowledge dissemination and
collaborations? While human computation for simleks like image tagging is well-established, how
can we effectively accomplish more complex or spled tasks with crowds (where anonymity may
limit our knowledge of participants’ relevant skithnd experience)? How do we effectively recreating
and retain participants for effective, sustaindinyerid computing models? How can we best scale up
crowd participation? How can we best address quasisurance issues in data collection, differangiat
objective errors vs. legitimate data diversity? gkdine human computation creates new potential for
worker exploitation and digital sweat shops, we tmalso develop conscientious practices which
mitigate legal and ethical risks.

Related efforts Crowdsourcing workshops were organized at SIGIR02and 2011, WSDM 2011, and
WWW 2012. A crowdsourcing NIST TREC track will réor the 29 year in 2012.

5.7 Getting Your Life Back: Capturing, Searching, and $/nthesizing Personal Data
This project will design tools for capturing andl@xing the online data streams encountered by ,users
including data currently stored in external silias;searching this data; and for making sense. of it

Motivation. An increasing proportion of peoples' lives is tivenline, sending and receiving data
through personal digital computers. This datanspiinciple, readily capturable, but is not curhgnt
captured in any unified, user-accessible way. Gaguthese data streams offers users an aid and
extension to their own memory, providing opportigsitfor re-finding, reflection, interpretation, and
self-presentation. The importance of such toolenghasized by the documented tendency for our
online life to dissipate our attention, keepingrushallow working memory, and distracting us fridm
deep processing necessary for understanding agticet of information.

Proposal. We will develop tools that users can run on tlogn devices that will capture and index the
data they receive and send. Initially, this maydsea browser plugin, recording only textual data.
Further tools will be provided for searching anglexing this data. We believe that the noveltylwde
tools, and the opportunity for self-exploration ytheffer, will drive widespread adoption. Immediate
research-engineering questions will be posed abowtto collect, index, and selectively preserve thi
information. Observational and interview-based ®sidvill be performed on how users employ the
tools we provide. Retrieval methods will be develd@cross this heterogeneous but personal data, and
user-based experiments performed. Users will beeidvto perform data deposits of redacted personal
data for collaborative experiments.

Challenges.There is a growing body of work exploring how bistise and evaluate personal data, but
when we consider complete “life logs” the probleans only more complicated. A first challenge, of

course, is attracting users to our tools and ermging them to adopt them. Protocols must be extende
for performing experiments on unshared personal.d&or data collection and aggregation,

anonymization and semi-automated redaction wiltrtecal.

Related efforts. There has been recent work on desktop searchemsdnal information management;
this project goes beyond this to include all peadlgnexperienced digital information. Collaboration
with researchers in HCI, and in cognitive and niagical theories of memory and recall, will be sbug




5.8 Information Retrieval
This project will provide effective algorithms fproviding relevantnformationto the user, as opposed
to relevandocumentsSystems will be evaluated based on “informatioitsu’

Motivation. Information needs are often not about a rankedolislocumentsor snippets. The user
wantsinformation The information may be scattered across documémsay be explicit or implicit.

Providing just the right information to the usertire right format is especially important in a mebi
environment.

Proposal. This project will first provide a clear guidelinerfsystematically defining information units.
The guideline will not be about blindly tearing i@en document into pieces — it will define infornaat
units based on specific information needs. Thermédion units will serve both as the basis for dinid
models forinformationretrieval, and as the basic unit of evaluatione fiormationretrieval models
and the evaluation framework should aim to hanetindancy/novelty, diversity, dependency between
information units, and even information discovdrgough inference.

Challenges.The evaluation based on information units is cinglieg. Relevant information units would
differ depending on users (e.g. background knowdealyd interests) and contexts (i.e. anything beside
the query such as physical surroundings that médy $gecify the user’'s information need). Also,
relevant information changes over time. Handlingedwlency across information units is difficult both
for the retrieval model and for the evaluation. Brer, if a system is able to infer and synthesize
information from multiple sources, how can it camse the user?

Related efforts. The NTCIR-10 One Click Access task evaluates sysiatput based on information
units. The TREC 2012 Contextual Suggestion tradls aystems to respond to complex information
needs with “suggestions” rather than documentss #dpic is also strongly related to the Conversetio
Answer Retrieval (Section 4.1) and Structure Din@mgSection 4.5) topics.

5.9 IR4ALL: Addressing Digital, Physical, Cognitive and Cultural Divides to Search

This project is about offering specific search supfor a diversity of physical, cognitive, and euhl
user profiles that require specific search assigtain other words, the goal is breaking informatio
access barriers and making search facilities avail@ everyone.

Motivation. Most IR research to date has implicitly assume@r@hetype of user that has no physical,
cognitive, economic or contextual (age, culturgivedanguage) handicaps to engage in an informatio
seeking task. But that leaves a substantial pragodf potential users out of the loop: for instanthe
billions of illiterate people across the globe loe 1L0-15% of the US population with dyslexia. Makin
search facilities available to everyone has, thembvious and measurable impact.

Proposal This project topic focus on providing and evalugtdedicated search support facilities for a
diversity of physical, cognitive and contextual mgeofiles that require specific search assistance,
including: (i) user’s education level and backgmuknowledge: in particular, illiterate users and
children (IR for education); (ii) people with impad physical abilities —vision, hand movement,; €ti)
people with cognitive disabilities (such as aphasidyslexia); (iv) people without access to a catep
—but with access to a phone; (v) people with caltand linguistic backgrounds that do not matclts¢ho
of the target information (such as an immigraninigyto find his way in the regulations of a countmya
foreign language and a foreign culture).

Challenges The basic challenges associated with IR4ALL afated to interaction design broadly:

* Resource selection, adaptation and presentatBesides relevance and authority, an essential
factor is adequacy of the source to the user: airdeat suitable for an expert or an adult is
possibly not suited for a child (particularly if gaged in a learning process). If the relevant
information is only present in a document whicimag suited for the target set of users, it must be




enriched, or simplified, or in general transform@ddocument for children, for instance, might
need to be simplified in terms of vocabulary andaled with links to basic explanations of the
concepts in the document. A legal document for mmigrant might need to be simplified,
summarized, translated, and linked to relevantreateegulations.

e Assistance in query formulation and refinemefhere are a wide range of challenges here
depending on the type of users, many of them hatddkle. In the immigrant example, consider
translating a non-expert spoken query in Chinesetime vocabulary of the Spanish legal system
and back; this requires sophisticated term suggestichnologies (together with educational style
concept explanations) that are beyond current fRloidities.

5.10 Information Retrieval for the Ecosystem of Apps

There is a growing trend towards the use of appging from entertainment to government and
financial services. Some describe this new dynamudd of apps via an ecosystems metaphor. What
constitutes IR in such an ecosystem?

Motivation. Propelled by smart devices and service marketplde.g., apps stores) and the growing
number of services that are being more generallposad (e.g., whole-of-government service
frameworks), there is a growing number of procdgeats to be retrieved, rather than classic doctsnen

Proposal. We suggest a project that aims to explore indeamdjretrieval of services or apps. Complex

needs would involve the retrieval of a number dévant apps that would need to be appropriately
choreographed to satisfy the need. Consider a @agwal like opening up a coffee shop. Pertinent
services span a spectrum of issues such as oaouglakiealth and safety, tax, employment etc. IR in

this environment is exploratory. A target “app ¥&tem” should help the user navigate the ecosystem
by providing suggestions for apps which they matyb®oable to formulate themselves.

Such a project will require investigation of howdassify the functional aspects of services orsapp
explore whether and how service needs are relateddrmation needs, how to model the “ecosystem”
of apps, and how to evaluate all of this work.

Challenges Exploratory search for complex service agendastesactive and so brings with it all of
the complications of interactive user evaluatiatedlly such a system would support users as tlaey le
about apps and how to search them, raising newemsbof adaptation and user context.

5.11 Information Seeking Stage Aware Search Tools

A search session for a non-trivial search task isthsf stages with different sub-goals (e.g., fgob
identification) and specific search tactics (e.geading introductory texts, familiarizing with
terminology). Can we make a retrieval system awdithe searcher’'s stage in the information seeking
process, tailor the results to each stage, andcedh& searcher through the overall process?

Motivation. Making a system aware of a searcher’s informateaking stage has the potential to
significantly improve the search experience. Seaxchare stimulated to actively engage with the
material, to get a grasp on the information need @miculate effective queries, to critically evatie
retrieved results, and to construct a compreherangsver. This may be of particularly great help for
those searchers having poor information or medeaalcy. This is of obvious importance in many
situations: e.g., education, medical informationd esearch for topics “that matter.” Some special
domains, such as patent search and evidence baaetitgs in medicine, have clearly prescribed a
particular information seeking process in greaailleiere building a systems to support (and ermdprc
this process is of obvious value.

Proposal Likely a coarse-grained model (problem identifima stage, information collection stage,
search closure stage) is sufficient. There are asviresources that are particularly suitable in a




particular stage (e.g., Wikipedia as introductorgjso demanding different evaluation measures
(precision versus recall). Related genre/readingllelassification methods have been proposed. Use
cases can inform specific progression models. 8ystesign may vary from lightweight (unobtrusive
grouping/labeling of search results on a searchltreage) to systems that guide a searcher thrtugh
relevant stages.

Challenges. Information seeking processes have attracted naftdntion over the last decades in
information science, resulting in a range of the®rand models that identify different stages in the
process. Although there is family resemblance betwthe different models, there is no universally
agreed upon form.

5.12 Protecting Users’ Privacy in Search
The research topic develops effective and effici®oiutions in protecting users’ privacy in search
applications.

Motivation. Imagine that we could create a machine into winieny people would type their hopes,
dreams, aspirations, and interests. How would wéept this intensely personal information? We have
indeed built such a machine; we call it a “seancpiree.” And we have seen how remarkably easy it is
to associate search behavior with a specific iddial, from news accounts of users being identiiired
AOL query log data and in Netflix logs. Attributiaf specific queries to specific users can havessr
consequences, for example in personal health arm@habsecurity applications.

Two broad lines of research have been pursueddtegirusers’ privacy in search applications. One
approach is to allow knowledge of the query bubhbscure the identity of the searcher. For exaniple,
is possible to forward each user’'s query througtaralomly generated path of cooperative network
nodes before reaching a search engine. The altegregiproach is to obscure the content of the query
Examples of this include (1) “private informatiogtnieval”, which encodes users’ information reqaest
using security protocols of high computational ctewjy, and (2) “plausibility deniable search”, whi
substitutes each actual user query with a set aidstd queries that together cover the actual
information need and some other topics. Some a#ssarch builds distributed and private user lag fo
helping search engines to improve search resuttowt disclosing sensitive user information.

Challenges. We need to better understand the ecosystem of,used in particular how values
involving privacy, effectiveness and cost are bedahin different applications. We need to develop
systems that can help users to understand anchtootithose tradeoffs in different ways when wotkin
on different tasks. We need ways of combining sgials that protect users’ privacy and confidentiali
of searchable contents in a unified setting.

5.13 Search among Secrets

Massive collections of informal interactions (eg@mail or recorded meetings) are now accumulating i
personal collections, business information systeam&] government archives. Leveraging this new
cornucopia requires not only that we find what dtidne found, but that we not find what should net b
found!

Motivation. Segregating sensitive documents was @htury concept in business and government
that relied on skilled administrative staff; todayhformation systems often contain an undiffeiet
mishmash of sharable and sensitive user-generat@@nt. The result is a conundrum: we can easily
retain this intermixed content for its potentialue but we will fail to leverage that value becauwge
lack the technology to find the sharable contenbragrthe comingled thicket of sensitive information.

Proposal. Requests for archived information closely folloyg@ver law distribution, with most content
never being requested. Thus, tremendous efficisrza@ be achieved by rapidly segregating sensitive
content only in response to specific access regud#t can view this as first finding relevant conte




and second finding which among those relevant iterasensitive. For example, relevance search might
be fully automated, while sensitive content remawaht be performed by experienced professionals
using advanced tools that help them to make ragpideacurate decisions.

Challenges.Holders of sensitive information are naturallykresverse, so broad adoption will require
very accurate, and demonstrably very accurate,ctiete of sensitive information. New evaluation
designs that reflect the nature of sensitive cdantdetection (automated or human-in-the-loop) wél b
needed. New work on information seeking behavi@ise called for, since search strategies developed
in an era of instant response may not work welbritfdemand review imposes latency constraints.
Potential attacks on system integrity (e.g., catlmsamong searchers) will need to be modeled and
mitigated. Since costs (e.g., for review) and biendbf access to otherwise unavailable contenty ma
accrue to different parties, economic models tlegult in rational resource allocation will also be
needed.

5.14 Simulation of Interaction

The simulation of interaction provides a powerfobldlexible way to study the interaction between a
user and a retrieval system towards the construaifoan evaluation framework that can potentially
bridge lab-based and user-based evaluation. Thikecba is to develop the appropriate abstractions
given the complexities of the environment to bewdated.

Motivation. Search in the real world is inherently interagtiYet much of the research conducted in IR
follows the Cranfield paradigm, where interactientypically restricted to a single search. This-lab
based approach suffers from being static in natowe,it provides cheap, controlled, and re-usable
evaluation resources. In contrast, studies dirantlglving users show the rich sequence of intéoast
between users and IR systems; however, they arb moce costly, and less generalizable because they
are conducted in particular contexts under padicabnditions. Simulation of interaction offers ayw

to improve lab-based research and open it up tosthey of interaction, and also offers user-based
research a way to transfer and encode their uradhelisty of users within simulated users.

The major outcome of this project will be a poreatdst-bed that can dynamically solicit, and react
system actions. This will give the ability to resdeers and practitioners to build systems thatnapg
for multi-step, multi-session, multi-task, multision information-seeking episodes.

Proposal The proposed directions in this project are: id@ntifying and modeling the interactions,
behaviors, and factors that affect the search pspd®) formalizing evaluation methodologies foe th
different kinds of simulation of interaction (whiatstudies); (c) developing an Evaluation-through-
Simulation Framework, which paves the conceptual lagical path for undertaking and integrating
user-based, systems-based and simulation-baseataleséd) determining the limits of simulation and
how applicable it is in practice and theory for gilging, generalizing, repeating, reducing biasd ée)
implementing a simulation toolkit.

Challenges Interaction is a complex process and its simotets even more complicated. Some degree
of understanding and recognition of the limits iofidation will be needed for its results to be quted.

5.15 Spoken Information Retrieval

This project aims to extend IR systems such they ttan accept spoken queries and generate spoken
results, thereby helping the visually impaired adl\vas anyone in a setting where speech is a more
natural interface.

Motivation. An estimated 285 million people are visually impdir At present, these people must
search using information retrieval systems buitt $@hted users, brought into their world using so-
called “screen readers.” We can, and we do, todal lsystems that accept spoken input and that
generate spoken output, but the potential existsutld systems that manipulate speech with a tgcili




similar to the way in which present search enginemipulate written text. Fully actualizing this
potential can also benefit sighted users in harels'dyes-free situations such as driving, low-ditgr
users who have access only through cell phonesspeakers of some minority languages for which
spoken content may be far more easily collecteah thatten content (e.g., Australian Aboriginal
languages)

Proposal This research aims to build spoken IR conversatimnodels, for deployment on a mobile
platform. The input is speech; the output is autficaddition to help everyone in settings whereespe
is a preferred interaction mode, this is a “pulgood” project to facilitate information access ttaege
section of the population that is currently disadeged by visual impairment, low literacy, or a
primarily spoken language.

Challenges There are numerous scientific and engineerindlesiges: HCI models for spoken IR;
extracting short meaningful snippet suitable foolsm interaction; user interaction with spoken IR
interfaces; focused IR — delivering the best eptint to documents (BEP); text/audio summarization;
text-to-speech; speech storage, indexing, seanchdelivery; building the software with restrictiaad
with innovative mobile devices; mobile technolodyaltenges (noisy environment, bandwidth, power,
cost); incorporating into the spoken IR models ghabal positioning and derived contexts that are
accessible on mobile devices; building collecti@isspoken IR for end users (e.g. consider text-to-
speech of a Wikipedia document: what should a spdk&ipedia document look like for delivery on a
mobile device?); as well as building test colleetiand evaluation platforms. User interaction aver
sequential and slow speech communication chaneskpts new challenges.

5.16 Super Models of Information Retrieval Interaction
This project aims to develop powerful and rich fatrmodels of IR that incorporate users, systemd, an
the interaction between them.

Motivation. Information Retrieval has had a long history ie ttevelopment of formal models. While
such models have been developed mainly for rankiiegmation objects, significantly less attenticash
been paid to developing models (and theories)rtaractive Information Retrieval. In recent keyrsote
at the European Conference on Information RetrjeBalkin (2008) and Jarvelin (2011) have stressed
the growing need for and grand challenge aspefdrofal models and theories that include and cater t
the user and the interaction between users andregsiThis is because having theories and modéi of
is intrinsically important to IR as a science. Rermore, such models would provide the basis to
understand, explain and predict what is likely &pfen during the course of interaction and how it i
likely to happen. Also, such models and theoriesld/@nable the generation of testable hypothes#s th
help to guide and direct our science. We hope sbper models of Information Retrieval Interaction
would lead to scientific laws, which enable theatieinships between observables to be characterized
and better understood.

Proposal. We propose a program driven by these questiohgddgiv can we develop models and

theories that adequately capture retrieval, seanchinformation-interactions: going beyond justkiag?

(i) What steps should we take to nurture and caté theories and models within IR, and how can we
progress towards theoretically driven research® \(ilill it be possible to develop an over-arching

framework in which emerging theories can co-exisb@ combined into a grand unifying theory? (iv)

What kinds of empirical research, evidence andda#ilbn of super models of Information Retrieval

Interaction will be required to provide adequat@art for such theories? (v) And will such super

models and grand theories manifest useful andtivulaws that govern Information Retrieval, and

enable the prediction of information interactiomtvizeen users and systems?

Challenges.Being able to answer these difficult research goes presents many pragmatic challenges
such as: (i) theory and model development are BTy consuming, require a lot of effort to construc




with an unknown pay-off (i.e. may be very succesdifut likely to be rather unsuccessful). (ii) find

the right level of abstraction and catering foraegeé number of variables may lead to overly simple
models which lack predictive power (iii) there &egv forums for theory and models to be presented or
the routes to publications are not very clear, @ndthe nature of the models may be too complex to
represent, or rather, to illustrate the complewitly require a serious and dedicated research pragr

5.17 Supporting Complex Search Tasks
This project aims to build an information accesasl tihat actively supports a searcher to articutate
whole search task, and to interactively exploreréseilts of every stage of the process.

Motivation. There is a striking difference in how we ask &spa for information, giving context and
articulating what we want and why, and how we comitate with current search engines. Current
search technology requires us to slice-and-dicepooiolem into several queries and sub-queries, and
laboriously combine the answers post hoc to solwetasks. Combining different sources requires
opening multiple windows or tabs, and cutting-aadtpg information between them. Current search
engines may have reached a local optimum for amsgvenicro information needs with lighting speed.
Supporting the overall task opens up new waysgnifstantly advance our information access tools, b
develop tools that are adapted to our overall tastkeer than have searchers adapt their searcbstamt

the “things that work.”

Proposal A complex task could be formulated as a comple&rg or search strategy expressed in a
structured query language. This query could beractevely constructed based on an initial plan and
further feedback, combining several constraintcamtent as well as on structure (collection stmectu
and annotations). Different task constraints offiso different points of entry into this processe Ban
exploit implicit and explicit contextual informatioon the specific search request, the specific
location/time/IP, the searcher and her preferenetes,Mobile devices are the natural setting fahri
contextual information, with a preference for easteraction rather than entering text. Often, the
process will be iterative, with the task leadin@tmther (sub)task.

Challenges Search with task and person context requires gelnanixture of search and
recommendation methods, novel retrieval models, eraduation methods (beyond topical relevance).
Structured querying and semantic annotation becoraeial, but can be hidden from the searcher.
Interactive search requires user-centered evatuatiagrounded simulations. Storing personal prsfile
can invade privacy and hence this type of datairegspecial care (e.g., TREC 2012 Contextual
Suggestion Track).

5.18 Time Changes Everything: Dynamics and Time in Sealt
Time is a crucial parameter for understanding hugemerated information and information needs. Yet
few information access systems represent informatimamically or leverage time for their services.

Motivation. An information system is affected by time in mamgys. The information it processes
changes continuously both in content and form, wloeld that information references evolves, and
information needs and usage scenarios change ahkeln a big data context, modeling the character
content and evolution of a steadily changing immeemmgormation stream requires a perspective of
information as something dynamic over time, nosasething constant to be extracted. Awareness of
time in information access scenarios can be of mgpgs: real-time issues (“I need to know what is
happening right now!”), semantic drift (“Are therew ways of referring to my topic of interest?”),
temporally specific data (“Give me information abouhat happened at this specific date”), and
temporal references (“What documents mention tpiscific point in time?”).Temporal awareness
requires systems to process time references oripheuticales in both content and queri€smporal
dynamics—the volume and content churn in the data streademuanalysis—necessitates a processing
model and a representation that can handle changiegning of items in the index, changing




associations between index keys and the items ledexed, and changing information needs. Systems
need to be aware of time and leverage that awassdnemable entirely new services, not only to eserv
documents in response to a query but to model eegkpt the state of the world as it changes.

Proposal. Search and retrieval must have time as a corerdiime. In a dynamic environment, every
single ingredient of the retrieval pipeline needsbe on-line modifiable, without lengthy test-train
deploy-update cycles. To make this happen systeatigtive need a framework to talk about time and
to test system performance vis-a-vis time. Theeeexcellent first steps taken along these paths and
several systems for time-aware information retii@va in the market but there is no collected netea
effort to talk about them.

Challenges. The traditions of the IR field are not well equaighbto deal with experimentation and
evaluation of dynamic data. Making the shift froet and collection based testing to evaluating 8dna
awareness will be a major challenge.

5.19 Understanding and Evaluating Rich Aggregated Answes

This project aims to move research beyond evalgatinked lists of documents, in order to understand
the usefulness of richer answers. Rich aggregaisdiexs are search results that might include multi-
granular information objects: combinations of paaphs, summaries, tables, graphics, images, and so
on.

Motivation. Search systems are becoming more complicatedaemdoresenting richer results (for
example, combinations of documents, images, anebg)d Simple summaries (title, snippet, and URL)
are no longer sufficient for emerging applicatioras. While the academic IR community has a good
understanding of rigorous evaluation approachesetimeed to be expanded to encompass new answer
modes. The risk of not doing this is that IR reskawill remain focused on a particular search
evaluation approach that does not reflect importeew directions that search is taking. Out-dated
evaluation models may lead to incorrect conclusetsut which approaches are better. Comparing the
usefulness and impact of new rich complex answstesys is particularly important in non-traditional
domains, for example satisfying deep informatiord®ein education, providing screen space-efficient
answers for mobile search.

Proposal We seek to study the way in which rich answegpett different information tasks and to
develop a taxonomy of information needs. Subsedyetitis project could model how systems can
exploit this taxonomy (for example, integratingustured and unstructured data) and develop
appropriate task-oriented evaluation paradigms.

Challenges How to conduct meaningful, rigorous, and repdatazperiments in this environment is a
challenge. It is not clear that test collectionghwiraditional relevance judgments are suitable for
evaluating rich aggregated answers. To be usefyl, rew evaluation approach will need to gain
widespread acceptance. The ultimate outcome willtdebuild a practical test-bed that supports
repeatable experiments.

Related efforts This research cuts across a wide range of nemlsagproaches and tools that generate
answers beyond simple ranked lists of text snippettuding mobile search, integrating structured a
unstructured data, and dialogue systems. It isralabed to the broader issue of understandingsuser

5.20 Understanding Opinion Engineering
This project aims to study mass online opiniontieficing mechanisms such as “viral advertisement
campaigns” and “computational astroturfing” (akkef@rass-roots campaigns).

Motivation. Many powerful entities in society such as largeporations and political interest groups
have a vested interest in influencing public opmidhe rise of online social media, which faciktst




interactions between large groups of relative gfeas, has resulted in an unprecedented opportiarity
these entities to influence and possibly misinfapmion. By paying individuals to comment in forums
and social networks, these entities can influemeedpinions of large percentages of the population.
Furthermore automated “bots” can be used for simpilaiposes, creating “fake users” who strategically
place comments in such a way as to maximize infleever the desired population. As this technology
matures, campaigns will likely become more focueadcertain target demographics, and given the
importance of influencing individuals’ opinions,ighprogression toward targeted opinion engineering
may result in a social engineering arms race.

Proposal The project will tackle important questions suchwdeether it is possible to detect opinion
engineering automatically, and if so, what sigraaks the best indicators of it and how reliable sach
detection systems be? Having detected influenaghanimportant question is whether it is posstble
measure the amount of influence that each partienéty is having. Then on an individual level, a
further question is whether it is possible to idignthose users who are “fake” or have been
"compromised"? Having identified fake users, whaiuld the ethical ramifications (if any) be of
attempting to discredit such individuals online?

Challenges.Building an opinion engineering test collectionllviie necessary to compare automated
systems.

5.21 Understanding Search in the Workplace
The project will attempt to characterize the segpobblems typical of modern workplaces, and to
develop models which can underpin realistic evadnatand lead to more effective search tools.

Motivation: Traditional IR tools have not been designed omaged for use in the diverse information
environments found in knowledge-rich workplaces.rkéos performing their duties may now need to
search across personal, departmental, corporatgwued, and public information sources and cdnten
types ranging from database records, office doctsnemail, and webpages, to microblog posts, instan
messaging, and continuous media clips. This het¢erity of data and the wide range of search-
mediated tasks are not well modeled in curreneBt ¢ollections.

Proposal: This project involves an initial phase of ethngupnia study of a representative range of
workplaces, leading to the development of testectibns which more faithfully model real world
search scenarios. The availability of test colteddiis expected to promote community research into
retrieval systems which better serve workers amtnpte the productivity and competitiveness of their
organizations.

Challenges: The ethnographic study needs to be extensive atledpl@nned to ensure that its findings
are indeed representative of the full range of plage search problems. This may best be achieved
through a large-scale collaboration between rebegroups. The non-public nature of the majority of
documents in most workplaces and of the queriesaasavers poses a huge challenge for creation of
public data sets. However, if the ethnographic ystigdable to precisely characterize the data aed th
information needs, it will hopefully be possiblecatately simulate the interesting problems using-no
sensitive data.




6 Conclusion

It is 62 years since Calvin N. Mooers first definisd term “information retrieval” in the academic
literature. In each of the six decades that folldWR researchers have produced substantially ivgolro
search systems. As demonstrated by the volumesatigroposed during this workshop, here at the star
of the seventh decade of IR research, the fieldfofmation retrieval continues to be both a stramg
vibrant research area. The themes in the propssals a worldwide research community identifying
topics of future work that go far beyond the alaitof existing commercial search providers. The
opportunities to extend the abilities of IR systaans wide ranging and diverse.

While heterogeneous in their views of where futiemds in IR lie, delegates were consistent inrthei
view that the SWIRL 2012 workshop was a stimulatpgortunity to discuss and debate new ideas as
well as to interact with other leading researchers.

The organizers and participants would like to thamki acknowledge the following sponsors who
provided partial support for arrangements and tratie University of Melbourne, the ELIAS network
(funded by the European Science Foundation), theoiNa Science Foundation by grant number
1216764, and RMIT University.
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