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Using Provenance to Aid Documentfiteling

1. Introduction

Computer work practices have changed dramatically since the days of the first
personal computer. Due to the availability of chesand abundant storage, our
desktops and laptops have become black holes of electronic resources (files, emails,
webpages, and contacts). Consequently, finding a specific resource can be a
significant challenge. Though several desktop search tools aialale, such as
Google Desktop or Mac OSX Spotlight, computer users typically prefer manual folder
searching over keywortlased search tools [Barreau, 1995; Bergman, 2068yan,
2004]. As an alternative, we suggest tracking relationships between @héctr
resources and showing these relationships to help users find what they are looking
for.

There are several ways that resources can be related. For example, say you
are developing a PowerPoint presentation with a group of peers. You might receive a
draft of the presentation as an attachment to an email, thus the draft is related to
GKFG SYFAf GKNRBdAzZZAK |y aladar OKYSyd al oS¢ N
from a webpage into the presentation, and now the webpage is also related to the
presentationd & | -LAIGRILEE NBf I GA 2y aKA LD LT &2dz &l
YIEYSsS GKS 2t RSNJ OSNERAZ2Y A& NBfIFGSR (2 @2d:
relationship, and so on (sdagurel). We refer to these relationships, which

deONA 6S GKS KAal2NR 2F | R20dzySyidQa GNIyat
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Dictionary, 2009]  this paper, we specifically focus on provenance as it pertains to

digital resources.

e

RE: presentation draft data.html
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presentation.ppt
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presentation-v2.ppt

Figurel. Example of how resources can be related to each other.

Provenance has only recently caught the attention of the research
community, and little research has been done on provenance relationships in
everyday use. The primary reason for this is that it requdsggmic event
monitoring, or observing what the user does on his or her computer and logging
provenance events. Current o@ing systems such as Windows, Mac OSX, and
Linux do not track provenance relationships, so researchers have developed their

own tools for monitoring and recording provenance. These tools are promising, but
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many of them have only been evaluated by theawvdlopers or a small select sample.
Since event monitoring is dynamic, users also must run the software for a significant
period of time in order to build up a database of provenance relationships.
Furthermore, none have reported on the frequency ofeliént types of provenance
relationships.

To build the case for using provenance to assist in documefmadeng, we
conducted a longitudinal study at Intel. We received questionnaires from 24
employees about their demographics and work practices angramenance event
f233Ay3 a2F06F NB 2y m1 SYLX 28SSaQ 42N
the provenance data to interview 15 users individually about their documents and
test how well they could recall document attributes. We also observed gsishin
their workplace environment to learn more about their work practices and anything
that may not be logged by the computer. Through the questionnaire, data logging,
interview, and observation, we were able to gather rich data about work practices

and provenance.

02



2. Challenges faed byknowledge workers

In today's workplace, knowledge workers are highly influential to a company's
success and growthThey are the individuals who perform research, gather and
analyze data, and interpret all of the aboweorder to make decisions and design
products. They add value througlthe information they possess and their ability to
apply knowledge and develop new understanding [Kidd, 1994; Zhou, 2007; Davis,
2002]. While 20th century productivity centered aroumdanual labor, the 21st
century largely depends on the success of knowledge workBeter Drucker, who
2NAIAYLFEfe@ O2AYSR (KS (S NXMemoptyauabledRed S 4 2 N
of a 21stcentury institution (whether business or ndyusiness) Wi be its knowledge
G2N] SNE YR GKSANI LINPRdAzOGADAGEE &5 NHzO1 SNE
The North American Industry Classification System (NAICS) defines the
AYTF2NXYEFGA2Y aSO02N Fa aomo 0K2a$sS Sy3ar 3SR
and cultural products; (2) thogbat provide the means to transmit or distribute
0KSaS LINPRdzOGAa la ¢Sttt a RFEGE 2NJ O2YYdzyaA
[@HnnT b! L/ { 3 5&pitethisisbraeylagnarowm definitipthere are
over 3 million information sector emplegs(2.2% of the workforceh the United
StategBureau of Labor StatisticR009.
The more commonly applied definition of knowledge work is much broader
than the NAICS definition, and includes those who acquire and apply knowledge in

their daily work ativities. Most information technology (IT) positions fall into the



Tablel. Our division of occupations into knowledge work and others.

Knowledge Work Non-Knowledge Work
Management Community and social services
Business and financial operationg Arts, design, enteainment, sports, and
Computer ad mathematical media
science Healthcare support
Architecture and engineering Protective service
Life, physical, and social science| Food preparation and serving related
Legal Building and grounds cleaning and
Education, training, and library maintenance
Healthcare practitioner and Personal care and service
technical Sales and related
Office and administrative support Farming, fishing, and forestry
Construction and extraan
Installation, maintenance, and repair
Production
Transportation and material moving

category of knowledge work, including managers, programmers, analysts, and
accountants [Davis, 2002Dther fields such as design, advertising, marketing, and

law, are also examples of knowledge work [Kidd, 1994ing this definition, we

estimate that knowledge workers make up 43.78% of the workforce Tabéel)

[Bureau of Labor Statistics, 2009]. Regardless of which definition dimeres to, or

how one segments the workforce into knowledge workers and others, knowledge

G2NJ] SNE I NB I @SNE A YL NI ydiented/eRondnf.B ¢ A y 3
They are integral to the way we live and work, and to the advancement of science

and technology.



The purpose of this chapter is to describe the complex environment
surroundingknowledge work.We begin by describing a day in the life of knowledge
workers, including common work practices and how time is sp&his s followed by
research on multiasking behavior and interruptiond\ext, we describe the
prevalence of crosgeam and crossime zone work. Finally, we discuss evidence of

information overload experienced by knowledge workers.

2.1. Aday in the life

Unlike manual workers, kiwledge workers are usually the ones responsible

for managing their own work. Consequently, work styles can vary greatly between

AYRAQDGARdMzZI f 4@ | 26 SOSNE AT 2yS GKAYy3I Aa

productivity, quality of work, and etime conpletion depends greatly on their ability

to manage their time, attention, and motivation [Davis, 2002].

Other; 15%

Unscheduled
Meetings; 19%

g . E-mail; 9%
|

Figure2. Average percentage of time spent on activities [Gonzales, 2004].
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Figure2 shows how kowledge workers typically distribute their time.
5Sa162N)] dzyR2dzo G SRt & O2yadzySa vYzada 2F | 0
average time spent on solitary deskwork is approximately three hours each day [Su,

2008; Gonzales, 2004]. Knowledge workdss apend over three hours each day

(37% of their day) on the computer, which makes up the vast majority of device
usage when compared to paper documents, books, calculators, planners, phones,
and other devices. Approximately 2 hours of each day is Speneetings [Su, 2008;
Gonzéles, 2004]. One study of 24 knowledge workers estimated that people average
10 meetings each week, of which 5 are scheduled [Bellotti, 2000].

Communication outside of meetings, whether through phone, email, or other
mediumsA & | f a2 | OSYGNIf LINL 2F GKS (y26fSF
communication occurs in chains rather than single actions [Su, 2008]. In a study of
communication chains, people spent an average of 2 hours and 18 minutes in
communication acts outsidef meetings. Although email is a significant
communication medium (se2.4.1), people also make approximately 10 phone calls
each day [Bellotti, 2000].

Although these three major activities each take up a considerable amdunt o
time, they are rarely done independently. Rather, knowledge workers are constantly

switching tasks and accepting interruptions, as described in the next section.



2.2. Multitasking and interruptions

At any given time, knowledge workers typically have se@naliltaneous
projects that they must manageGonzales and Mark defined these highrel tasks
as "working spheres" [Gonzalez, 2004he primary projects that an individual works
on and is held accountable for are referred to as "central" working sghevhile
other projects which are not the individual's primary responsibility are considered
"peripheral” working spheresHaving more projects has been associated with
feelings of poor task coordination with others [Dabbish, 2006].

During a study of 1sformation workers at an investment management
company, they found that people work on about 6 central and 4 peripheral working
spheres on an average day [Gonzalez, 20Bdthermore, information workers
spend an average of about 45 minutes each dag®orof their day) just managing
these working spheres [Gonzalez, 20B¥ark, 2005]. A diary study of Microsoft
employees confirms the need for workers to spend time managing their tasks, with
13% of reported tasks categorized as "task tracking" [Czerw2@B4].

A significant challenge for information workers is interruptions and the
segmentation of their work A study of 24 information workers found that people
only spend an average of 11 minutes oénarking spheré before switching to
another workingsphere or being interrupted [Mark, 2005Even within a single task,
users tend to switch between mediums very frequently, approximately every three

minutes [Gonzalez, 2004].
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Workersexperienceabout 25 interruptions on an average day, half of which
areinternal @elfinitiated) while the other half are external interruptions [Gonzalez,
2004]. Internal interruptions includeising paper documents or the computer,
talking to colleagues over cubicle walls, making a phone call, using email, or leaving
the cubicle. External interruptions are initiated by others and includawnemail
notifications in-person visitsand receiving phone call$n astudy at Microsoftlong-
term projectswere rated significantly more difficult to return to in comparison to
shott-term taskgCzerwinski2004. This is likely due to the longer history and

greater context that must be managed when returning to a kergn task.

2.3. Across teams and time zones

Knowledge workers must coordinate not only multiple projects, but multiple
teams as well A recentsurveyat Intel showed that 61% of respondents work with
more than 3 teams, and 28% work with more than 5 teams [Chud2(f2g.

Another survey of 40turrent and former MBA studen{8/ortensen, 2007

indicated that 65% worked omore than one team, confirming the prevalence of
multiple team membershipThose belonging to more than one team seemed to
devote half of their time to a primary team, with the other half divided amongst the
other teams Mortensen, 2007F.

To further compkate team coordinationmmany people have team members
who are not in the same building, or even the same counfilye previously

mentionedsurveyof MBA students and graduatesported that 34% of teams were
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international, 53% were inteorganizationaland 67% were crogsinctional
[Mortensen, 2007. At Intel, approximately 69%f employee<ollaborate with
othersin adifferent time zone, and 13%f employeeswvork in locations different
from their managers@hudoba2005. Although distribution of teen members alone
had noapparenteffect on performance, the variety of work practices used by team
members negatively impacted sqdérceived performancedhudoba2003.

Membership in multiple teams increases the need for communication and
coordination and requires different methods for collaboratiori0% of the Intel
survey espondents reported collaborating with teams without face to faoeetings,
and 61% work with internebased conferencing tools [ChudoB&03. In an analysis
of communication pattens in the workplace, switching between organizational
boundaries during chains of communication was found to be the most predictive
factor in job strain [Su, 2008].

Working with remotely located teams can also affect work styles and
attitudes. Data hasit®wn that even people who know each other and have worked
together before cannot produce the same quality of work when using remote tools
[Olson, 2000]. Some studies even suggest that remotely located teams may
cooperate less and present themselves mdeeeptively when compared to
collocated teams [Bradner, 2002]. Despite efforts to use tools to support remote
teams, work is often reorganized to decrease the collaboration needed with remote

team members [Olson, 2000].
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2.4. Information overload

LiQ&a igexhattodeMdtieImost significant challenges for knowledge
workers is information overload. Most knowledge workers say information overload
is intrinsic to their jobs [Mulder, 2006]. When the amount of information at hand is
more than one can procesthe feeling of information overload can lead one to feel
stressed and overwhelmed. Since most of the tasks of knowledge workers are open
ended, it becomes difficult to decide what information is necessary and what is
superfluous, resulting in an avalarebf information.

Several factors contribute to feelings of information overload. The most
obvious is the vast amount of files, emails, websites, and other resources that one
interacts with on a daily basis. Project resources tend to span over diffees
(for example, documents, emails, and websites), forcing users to manage each type
in its own environment [Bergman, 2006]. Managing these resources introduces
significant overhead, and few users spend time organizing their resources beyond an
occa2 VI f WANNYIT w. 2F NRYFYS Hnnné o

Almost by definition, knowledge work involves (and perhaps thrives on)
continuous information overload. One study defined the main elements of
information overload as (1) task complexity, (2) information ambiguily, (3
environment distractions, and (4) social pressure, such as handling requests from
coworkers [Mulder, 2006]. We have already discussed (3) and (4) in the previous

sections of this chapter. The rest of this section addresses the other two aspects of
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information overload in terms of the volume of resources that knowledge workers

must handle.

2.4.1.Email

The advent of email has expanded the ways people can communicate, while
also expanding the amount of information people must deal with. When knowledge
workerswere asked to report incidents of information overload, the majority of
reported incidents were related to email [Mulder, 2006]. Some factors contributing
to increased feelings of email overload include perceived importance of email for
work, number of neetings per week, number of subordinates, overall email volume,
FYR LINBLRNIAZ2Y 2F YSaal3iSa gKAOK I NB
shown email being used for personal information management, with most subjects
reporting using email to send theselves reminderdjucheneaut2001].

There have been many studies on email volume in the workplace. Some
estimate incoming email volume to be as much as 67 messages each day [Bellotti,

2000], though others have reported averages closer to 40 messagbbifba2006;

a a LJr

Ducheneaut, 2001]. Average inbox sizes vary greatly, particularly since some people

keep all their messages in the inbox without filing. Regardless of the numbers,
knowledge workers receive a considerable amount of email each day, which
contributes to information overload.

The standard strategy for email management is through folders. People tend

to categorize their folders by role, project, sender, organization, or interest
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[Boardman, 2004; Ducheneaut, 2001]. Having a greater number ail éofders has
been associated with greater email experience [Ducheneaut, 2001], but also with
increased feelings of email overload [Dabbish, 2006]. Folder management strategies
have been classified as frequent filers, extensive filers, partial filedshefilers
[Boardman, 2004].

Another strategy for email management involves how frequently incoming
email is monitored. Though checking incoming messages as soon as they are
received can distract from the current task, it has also been associatedomid |
feelings of email overload [Dabbish, 2006]. On the other hand, some people choose
to restrict email checking to specific times in order to avoid distraction. However,
this practice is actually associated wititcreasedeelings of email overload [Daish,
2006].

Email is also frequently used as a method for file exchange [Ducheneaut,
2001], with approximately 9 attachments received through email each day [Bellotti,
2000]. This contributes to the problem of document overload, which is discussed

next.

2.4.2.Documents

Knowledge workers deal with a substantial number of documents for their
research. This includes both sources of information and destinations (reports,
results, presentations). Although file system capacity has increased dramatically,

studiesshow that file system fullness has remained relatively constant [Agrawal,
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2007]. This suggests that the number of files people store on their computers
increases steadily with file system capacity. Another study estimated that users
added 6 files to theicomputers each day [Boardman, 2004].

Users organize their files more diligently than email or web bookmarks
[Boardman, 2004]. However, classifying documents and folders takes considerable
cognitive effort. People have an average of 56.6 folders im greénary document
02ttt SOUGA2Y OADPSD® Gdaeé 520dzYSydaész !bL- K2VY
average folder depth is 3.3 [Boardman, 2004]. Folders are commonly named by
shortterm activities, document class, or lotgym activities [Boardman, Zi].
5SaLIAGS (GKA&a GFald ydzYyoSNI 2F F2f RSNARSX dza SN
documents in a root folder or on the desktop [Boardman, 2004].

Document storage and organization is an ongoing process, and no folder
structure is considered permanerRavasio, 2004]. However, folder structure tends
to change very slowly, and users rely on this sst@ady organization for locatien
based finding [Boardman, 2004]. Users maintain and archive files at milestones (such
as project completion), and archivédon-working) files range in age from 6 months

to 8 years [Ravasio, 2004]. Otherwise, extensive file and folder maintenance only

occurs at major life stages, like beginning a new job [Boardman, 2004].
2.4.3.Web
h¥ GKS GKNBS Ay TF2NNXISOQOEYy RAGONBKRABISRE 65

bookmarks tend to be the least organized [Boardman, 2004]. However, knowledge
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workers tend to use bookmarks more often than other users in order to keep track of
trusted, frequently used information sources [Sellen, 2002].

A study of low knowledge workers use the internet identified three primary
categories of web activities: finding, information gathering, and browsing [Sellen,
HNNHB D GCAYRAY3IAE Ay@2f @SR t221Ay3 F2NI |
more generalreseakc 2y | ALISOATAO (2LIAOT YR AGO0NRG.
went to a site with no specific purpose other than to be informed, updated, or
entertained. Transacting, housekeeping, and communicating were other activity
categories identified, but each madg 5% or less of the total activities (Seégure
3). Another study identified four modes of information seeking on the web:
undirected viewing, conditioned viewing, informal search, and formal search [Wei

Choo, 2000].

Transacting
5%

Communication
4%

Housekeeping
5%

Figure3. How knowledge workers use the weke]len, 200p
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Knowledge workers play a key role in our society, and the complex nature of
their work makes them worthy of further study. The challenges they face through
multitasking, multiteaming, and information overload force them to employ
strategies in order to manage their work. The next chapter discusses some of the

common coping strategies of knowledge workers.
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3. Coping strategies

Knowledge workers are extremely diverse in both tleadpertise and work
styles, and each has a unique way of dealing with the previous mentioned challenges
of knowledge work. Rather than trying to cover all of these strategies, this chapter
focuses on the general work practices of knowledge workers and/étys they reuse
information. We then introduce the idea of provenance as a way to manage and

track information reuse.

3.1. Work practices: it's all in your head

| FTGSN) atdzReAy3d 1y26fSRIAS g2N]J SNERX ! A4
can make a difference timeir organizations are on the knowledge workers on
GKS LIASOSa 2F LI LISNE WYARRX mMdppné ® ¢ KAa
impossible to include all relevant knowledge and understanding in any written
artifact. As a result, knowledge workédrave their most valuable asset on them at
all timeg all in their heads.
Despite being caught in constant information overload, knowledge workers
tend to leave that baggage at their desks. Most do not carry much with them other
than a couple of notebool8ellotti, 2000; Kidd, 1994]. They take a lot of notes, but
mostly for shoriterm use. Only about onthird file notes separately from their
notebooks [Bellotti, 2000].
Since knowledge workers cannot predict what will inform them or how they

might use adocument in the future, they tend to delay filing information until they
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are certain they will not need it again [Kidd, 1994]. Whether the clutter collects on
the physical or computer desktop, they also use the physical layout to remember
where they leftoff or demonstrate progress that has been made [Kidd, 1994].
Knowledge workers also tend to organize their own documents more than

documents authored by others [Boardman, 20004.]

3.2. Information reuse

Though much of thactivity of knowledge workers happens their heads,
the documents and reports that they produce are rarely from scrafarts of other
documents may be compiled to create a new document, or a template may be used
as a starting point. Levy identified four processes by which new documemis c
into being: creation, collection, combination, and customization [Levy, 1993].
Creation is the only process that introducesradiv material; collection involves
gathering existing information from multiple sources, while combination includes
both newand existing material. Customization is when existing material is tailored
for a new purpose or setting.

Situations of information reuse can also be categorized by the characteristics
of the person who is reusing knowledge, and their purpose for doingksmwledge
GNBAESNERE FlLEf Aya2 F2dzNJ OF 0S3I2NASAY aAKI NBI
practitioners, expertiseseeking novices, and secondary knowledge miners [Markus,
2001]. Shared work producers work in teams to produce knowledge for their own

use, andheir information reuse is a collaborative effort. On the other hand, shared
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work practitioners work independently and reuse knowledge produced by others in
similar work roles. Expertisseeking novices are those who occasionally need
information outsideof their primary work role, and thus reuse knowledge that they
themselves have no experience with. Finally, secondary knowledge miners use
knowledge produced by others for purposes much different than their original use;
for example, to answer a new quem with results of previous research.

No matter how information is reusethe final product of the information
NBdzaS LINPOSaa KIa  aKAAG2NEBEEé 2F oKSNBE LA
GKSe 320 GKSNB® 2 S NXB TS NaspovesmahcBwhishy G a 2 7F

we explain next.

3.3. Provenance

t NEGSylyOS Aa i Nihdhistorg & ghindrshigof &valdedl y SR | &
object Mebriam-Webster Online Dictionary, 2009]n terms of document
provenance, we consider not only ownership history, &isb the series of
transformations and sources of information that produce a document. Provenance is
critical in understanding the authenticity, integrity, and trustworthiness of a
document [Cheney, 2008]. We also believe it can be useful for conneetatgd
resources and improving documentfiading.
The research community has only recently begun addressing provenance in
terms of document history. Provenanéevare Storage Systems (PASS), a research

group at Harvard University, has been the mostwetn this area. The University of
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Pennsylvania also hosted a workshop on provenance in 2007, which discussed the
technical aspects of provenance collection and possibilities for provenance use in the
future [Cheney, 2008]. The biggest hurdle for proveseresearchers has been
methods for collecting and storing the vast amounts of provenance data that can be

produced.

3.3.1.Provenance collection

Standard computer operating systems do not currently track provenance.
Researchers develop their own software fecording provenance on the computer,
either at the operatingsystem level or the application level. Here we discuss the
methods and limitations of both.

The PASS group argues that provenance should be collected at the system
level, so that the same enyitmanages both file storage and provenance data
[Seltzer, 2005]. Their implementation consists of a storage system, an automatic
provenance collector, and query tools. The collector records workflow events,
interprets those events which signify provenanand store the provenance
information with file metadata. Three types of queries can be performed on the
LINE GSY | yOS &aG2N)r3S aeadsSyy FTAYRAYy3I + FAES
2O0SNYItf yOSaaNeE 2F | FAf SEdficpriNadé&héey | yOS K
attributes. One issue with this method is the level of granularity it produces:
although it can detect such firgrained provenance as changes to a single bit of a

file, effort is required to translate systefevel events into a biggeicture of
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provenance transformation [Braun, 2006]. Applicatiexel provenance tracking
tends to produce highelevel provenance relationships that make more sense to a
typical computer user.

The provenance collector used in our study is a derivatioriaskTracer, a
desktop activity management system [Dragunov, 2005]. TaskTracer uses COM
(Component Object Model) adds to trace events in Microsoft Office applications
(Excel, Word, and PowerPoint), Outlook, and Internet Explorer. Although thss limi
the provenance we gather to Microsoft applications, studies show that these are still
the most widely used productivity applications [Bellotti, 2000; Dabbish, 2006].
Though TaskTracer captures a wide variety of computing events, the provenance
specificevents it captures include copy/paste, email attachments (both sending and
receiving), internet download and upload, and file operations in Windows Explorer.
TaskTracer keeps a record for every resource (files, websites, emails, and folders) in a
databa® and records provenance events with the resource ID of both the source and

destination.

3.3.2.Provenance and memory

One major reason for studying provenance is that provenance relationships
can be areffective memory cue, and thus may help users in deskézpch.
Research on how well people remember computing evehtsvedthat although
people can recall about 18 events after 24 hours, they only remember about 4 of

them one month later [Czerwinski, 2002]. In order to assist users in remembering,
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we need toidentify effective memory cuesPsychology literature has shown that
information that was available when a memory was encoded helps when trying to
remember that memory latefTulving, 1973].We believe that provenance
relationships help identify the coext of a document and can be effective cues for
later retrieval.

Provenance relationships also identify related documents, such as documents
where information has been copied from, or emails that the document has been
attached to. When asked to describalocument, people can easily recall other
related documentsGongalves 2004; Bland&rude, 2007]. Our research confirms
that related documents, as well as showing how they are related, are effective cues

for recall.

3.3.3.Provenancéased search tools

Researhers have recognized the value of using provenance relationships in
search tools, though these provenanbased tools are not widely used. These tools
typically fall into two categories, either using provenance as search query input or as
a way to enhancsearch results.

Feldspar is a search tool that allows users to incrementally specify attributes
and relationships of the file they are looking for [Chau, 2008]. It allows users to
search for a document by specifying related emails, people, folders,itdspages,
dates, and events. Users can enter these parameters one at a time, and the list of

results updates as each parameter is entered. Feldspar only identifies associations



23
based on static metadata such as email senders and recipients, eventzagaand
attendees, and received or sent email attachments. Dynamic provenance
relationships such as copy/paste, save as, and file system operations require constant
system monitoring and are not captured by Feldspar.

Another approach to provenandeasedinput was based on how people
described their documents through storytellinGgncalves2004]. This search tool,
called Quill, suggested filh-the-blank sentences to prompt users to specify
attributes they remembered about the document they were seamnghfor
[GoncalveE HnNny 6 @ vdzZA £ £ Q4 1y26ft SRIS o6l asSs oK)
Y2YAU2NB aeaidisSy S@Syida FyR dzLJRIFGSa AyTF2NY
attachments, webpages, applications, and agenda. Although Quill employs system
monitoring, it still does not capture copy/paste, save as, and file system operations.
Other search tools use standard keywdrdsed input, but use provenance to

reorder or expand search result€onnectionsises traditional keyword search to
identify possble files, then uses temporal locality and context to add additional,
related files to the results [Soules, 2005]. This tool takes a simple approach to
provenance relationships by monitoring file open, read, and write events to detect
file input and outpt. A later descendant of Connections took a more provenance
based approach by detecting causality relationships, viewing each process as taking
input to produce output [Soules, 2007]. They determined that users perceived

results ranked on causality teelbetter than localitybased ranking [Soules, 2007].
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Beagle++tses email, web, and document metadata to rank search results
based on the number of semantic links, which are similar to provenance relationships
[Chirita, 2006]. Like previously mentioned s#atools, Beagle++ relies on extracted

metadata rather than monitoring user actions.

3.3.4.Provenance graphs

In a provenancgraph, nodes are resources and directed links between nodes
represent the provenance relationship. In the TaskTracer system, Taskarail
component of TaskTracer that allows users to view and navigate through their
provenance graph [Stumpf, 2007]. However, this is the only tool of its kind, and it

has not been evaluated or justified outside of the team that developed it.
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Figured. Screenshot of TaskTrail user interface [Stumpf, 2007].

Most of the aforementioned search engines rely on maintaining a relational

graph for internal use. The main question that arose through this research was: why
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keep the proveance graph in the background? Why not show the users the
relationships between these documents to explain why they appeared in search
results? Why force users to specify provenance attributes that they remember,
rather than showing those links in se&rresults to help the user discern between
different documents?

The best explanation for these questions is that people do not understand
provenance and prefer more traditional search styles and result listings. However,
several studies on search habitave shown that people still prefer to manually
search through folders rather than using a search tool because the search process
allows them to understand the context of found documents [Barreau, 1995;
Bergman, 2008Teevan, 2004]. We believe that prowarte graphs are an excellent
way to show the context of documents, which leaves one question remaining: do

people understand provenance?
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4. Experiment

To learn more about knowledge workers and provenance in the workplace,
we conducted an ethnographic studylatel Corporation. Subjects participated in
the study for an average of 8 weeks, during which they continued their normal work
practices while our data logging software ran silently in the background. All
participants completed a background questiomeaiand a subset also participated in
an exit interview and observation session.

This chapter describes the experiment we conducted, and the next chapter

presents the results of the experiment.

4.1. Goals and motivation

This was an exploratory study, aimedgathering basic data to examine the
feasibility of recording and the potential use of provenance metadata for augmenting
everyday interactions with computers. Although studies have been done on
provenance collection [Seltzer, 2005; Braun, 2006] and doatineeall [Boardman,
2004; Barreaul995 Bergman, 200850nc¢alves2008;Goncalves2004;Blane
Brude 2007; Chau, 200&oules 2006; Shah, 2007], we are unaware of any studies
documenting the frequency of provenance relationships and the utility of
provenance cues in document recall. Through our questionnaire, interview; data
logging software, and observation, we were able to gather an abundance of data on

information workers at Intel.
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Specifically, our goals included: (1) conduct a botgpranalysis ad
characterization of information use, provenance, and workflow, (2) investigate the
effectiveness of provenance relationships as a memory cue, and (3) see if provenance

relationships connect related resources and help indicate project boundaries.

4.2. Study esign

We recruited 24 information workers at Intel for the study. Each subject
completed a survey about his or her work practices and work style, including
information reuse, during an esite meeting. We then installed a custom activity
logging systemdsed on TaskTracedbjfagunoy 2005] on their primary computer.
The software was instrumented to record provenance and information access events
(document access, moving, saving, copying, pasting, document focus and switching,
attachments to emails or wepages). Participants had the option of turning the
system off periodically to preserve their privacy, and the data was cleaned for
personal and sensitive information before analysis.

t I NIgle& GKNRdIdzZZK GKS addzRes ¢S e2fftSOGS
exit interviews. From the data, we selected two interesting provenance graphs (see
3.3.9) for each participant and asked participants to tell a story about the documents,
similar to the procedure used in [Goncalves, 200jr each graph, we began with a
GFMNBOF ¢ LIKFaAaSY gKSNBE ¢S LINBaSyiSR R2 Odzy
their file extensions, starting with documents more central to the graph and working

2dzi 6 NRa G261+ NR LISNA LIKSNJI f apB. Nhetndintbér 8f¢ R 2 O d:
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documents presented to participants ranged from 4 to 13 documents per set
(average: 7.5), depending on the structure and complexity of each graph. After this
GFTMBROFf e LKIaAaNSOFS t Kl RIKIH 2650 dzHR dzére G KS &l
we showed participants the provenance graph and asked specific questions about
document features, to see if these cues helped subjects recall more about the
documents. These interviews were conducted either in person or over the phone
using screershaing software to show participants the documents and provenance
graphs.

We also observed 9 of the subjects in their workplace in order to document
the context of their activities, as well as identify sources and types of information
flow that might be missd by our system. Each of these participants were observed
for approximately two hours, during which the researcher sat silently in the
LI NOAOALI yiQa g2N] aLlk OS FyR NBO2NRSR SgSy
type of observation is similar to thaised in other studies of knowledge workers
[Gonzalez, 2004].

We used an open coding method to analyze the interview and observation
logs. This methodology helps us identify patterns and common themes in the logs
and is discussed in greater detail in [Riar 1990]. Two researchers coded the logs
individually, and a third independent coder resolved disagreements. Our overall

inter-coder agreement was 84.18% based on the Jaccard index (intersection divided

by union, or number of codes agreed upon over tatamber of codes recorded).
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At the end of the study, we collected the data recorded by our logging system

and uninstalled the software from their computer.
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5. Results

The background questionnaires, software logs, observations, and interviews
provided us witha myriad of information to help us understand provenance in the
workplace. This chapter describes the quantitative and qualitative results of our

study.

5.1. Participant characteristics

We recruited 24 participants from Intel, 10 female (41.7%) and 14 male
(58.3%). One subject was over 60 years of age, and the rest were between 30 and 59

years old. Our sample included 12 Age distribution among

managers (50%), 4 system analysts participants

(16.7%), 2 system engineers, 2

administrative assistants, and one

each of the following: enterprise

architect, software architect, human

factors engineer, and senior

Number of participants
D = MW WL OoN 0O

administrative associate. 30-39 40-49 50-59 =60

A
Although 24 participants 9e

o Figureb. Age distribution of the 24 subjec
began the study, three participants
had older hardware/software configurations which were not compatible with our

software, one chose to leavthe study due to other software issues, one began their

sabbatical during the study, and another was excluded from analysis due to database
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problems. We also chose to exclude one other participant who received a hew
computer partway through the studygdving fragmented and unreliable data. This
left us with 17 complete datasets. The excluded subjects (3 women, 4 men) did not
introduce significant bias to the final data (41.2% female, 58.8% male).

Subjects with complete datasets ran our activity loggsoftware for an
average of 43 workdays (minimum: 21; maximum: 63; standard deviation: 13). We
collected data for 126,620 unigque resources, or about 7,448 resources per subject
(minimum: 3,211; maximum: 17,570; standard deviation: 3,326). This indibes,
PowerPoint, Word, and text files, emails, websites, contacts, and PDFs.

Though we recorded events for nearly every type of resource, Microsoft
Excel, PowerPoint, and Word were the most viedtrumented applications. For
these three applications ahe, we recorded over 44,000 events across the 17
datasets.

We also tracked email attachments, though these required adding new
buttons in Outlook for adding and saving attachments in order for our software to
capture the events. We explained the new larts to the subjects at the beginning
of the study through a brief tutorial, but it is likely that the numbers of email
attachments are a lower boundary as we could not capture other methods of adding
and saving attachments. Nonetheless, we recorded ldthmtes (8.3 per user) of
users attaching a file to their email and 155 instances (9.1 per user) of users saving

email attachments. Attachments added to emails were primarily Excel (41.8%), Word
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(30.5%), and PowerPoint files (23.4%). Attachments savaddmails were also
primarily Microsoft Office documents, though these were mostly Excel (43.9%) and

PowerPoint (42.6%) and fewer Word documents (11%).

Added to emails Saved from emails

Figure6. Distribution of file types attached to and saved from emails.

We captured 142 web downloads and 117 web uploads from Internet
Explorer, largely due to heavy $8Roint usage. PowerPoint was the most

commonly downloaded and uploaded file type, followed by Excel and Word.

5.2. A day in the life: revisited

When asked what they do for their job on a daily basis, all but one participant
(out of the 24 who answered our bieground questionnaire) indicated that meetings
were a major part of their work, and meetings were the first thing mentioned for
more than half of the participants (15 subjects). Of those who estimated the

percentage of their workday spent in meetings Elfbjects), half reported spending
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10-30% of their day in meetings, and the other half reported spending 50% or more
of their time in meetings. Many subjects noted that they had both f@ctace and
virtual meetings. Six participants (25%) also repopegparing presentations as a
significant part of their workday.

Email was the seconghost mentioned work aspect and was referenced by 15
of the participants. Of those who estimated the percentage of their workday spent
on email (13 subjects), most of thefhl subjects, 84.6%) stated that email required
10-30% of their workday. The other two subjects, both in administrative roles,
reported much higher email use at 50% and 75% of their work. One of these
administrative assistants worked with about 139 elm&ach day according to our
software, which was much higher than the 73.7 empés-day average of the
overall sample. This includes any email, whether newly received, previously
received, or sent. Compared to the incoming email estimates discus2edl. inthe
overall average of 73.1 emails per day suggests that at least 6 of theseraadrer
sent emails.

Over the course of our study, our subjects worked with an average of 9.5
Excel, PowerPoint, Word, PDF, and tdesfeach day. As shownHRigure7, most of
these were Word documents, and text and PDF files were underrepresented.
However, for text and PDF files, our software only tracks Adobe Reader and

Microsoft Notepad, so files opened other programs (such as Notepad++ or a web
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webpages per day, which includes different pages visited within the same website.

Percentage of Files by Type

Word
46%

N Text
. B
PDF
2%

Figure7. Distrbution of used resources by file type.

We observed 9 of our subjects in their workspace and took notes on their
activities throughout a one to three hour time period (the average observation
period was 1 hour 48 minutes). The observations took placeelibfore lunch (5
participants) or in the afternoon (4 participants). Subjects were observed in their
cubicle for most of the time, except for one participant who was observed during a
faceto-face meeting in a conference room. Another participant meghwa colleague
in the cafeteria for 30 minutes, but was otherwise observed in her office. One
observation was interrupted by a d&inute fire drill, which was excluded from the
analysis.

All of our participants experienced at least one interruption dgrihe
observation period. Interruptions included new email notifications (13 instances

over 3 subjects), phone interruptions (12 instances, 3 subjects), MS Outlook meeting
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notifications (6 instances, 3 subjects)parson office visits (4 instances, Wogects),
and waiting for the computer (11 instances, 5 subjed@)e subjectised a
secondary desktop computer to continue being productive whenever his laptop was
rebooting, operating slowly, or experiencing other problems. However, this became
problematic when he opened a form on a website on the desktop and needed a
spreadsheet from his laptop to fill in the form. He continued switching between
using the laptop and desktop over 40 times to fill out the form while referring to files
on his laptop. Aer about 45 minutes, he finally opened the website on his laptop,
2yfte G2 NBFEAT S KS O2dz RyQd 3ISG G2 GKS

Another subjecused Microsoft OneNote as his information repository.

During the observation, he had troublemembering his passwords, and used
Microsoft OneNote as a central password storage location. He also copied data from
an internal Intel application to a new note in OneNote.

Microsoft Communicator (an internal instant messaging service) was used
heavily ty 4 of the observed subjects, and one other subject used it once to get a
phone number. Communicator was often used for quick tasks such as finding contact
information, checking if a person is available, or letting others know what he or she is
currentlyworking on. Others used Communicator while troubleshooting a problem,
often with LiveMeeting running to share their screen. Communicator was also used

during meetings to communicate without interrupting others.
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We also observed four subjects using Liveleeand telephone headsets to
work with others on a project. This allowed the subject to show others their screen
GKAES SELXFAYAYy3d 02y O0SLIiaod tg2 2F (KS&S
entirety: one lasted for 51 minutes, and the other lasfed2 hours and 29 minutes.

The other two meetings were longer than 25 minutes and continued beyond the

observation period.
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Figure8. Document focus duration (normalized, natural log scale).

Data from our logging system dinms the fragmentation of work found in
previous studies (se2.2). Figure8 shows that focus times of less than one minute
were much more common than longer periods of focus. Participants switched
application windows very frequently, and Excel and PowerPoint documents were

kept in focus for an average of less than one minute. Subjects tended to keep Word
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in focus for much longeB.77 minutes on averageNe also noted frequent window
switching diring our observations, especially for different programs related to the
same task

Although a major reason for observing participants was to find sources of
provenance that are not captured by TaskTracer, there was little evidence of
undocumented provenace. The only missing source of provenance that we
observed wagranscribing i.e. recording data from another source by hand, without
specifically using copy and paste. This includes the perviously mentioned participant
who entered data from the spreallset on his laptop into a web form on his
desktop. Similarly, other participants transcribed when the source of data was not
on their computer (such as information from a phone conversation or physical
notes). Subjects also transcribed when the informatibey needed to copy was in a
different format, such as a timestamp that needed to be entered in a spreadsheet
with date and time in different columns. Overall, 5 of the 9 observed subjects
transcribed at some point during the observation. However, ¢htypes of

provenance are nearly impossible to detect through software.

5.3. Provenance in thevorkplace

Our software logged 4,809 provenance events over 17 subjects, illustrated in
Figure9 (not including provenance events withinglsame resource). Copy and

paste was the most common provenance event, occurring an average of 4 times each

RI& ® {FT@AYy3 I FAES (2 FYy20KSNI YyIYS 6SAGK
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the second most common Down;:;:dﬁle

/.FileRename

provenance event, occurring 1.4 %

N MoveFile
va
6%

times eah day. Overall, our subject
performed an average of 6.7
provenance actions per day, and the

majority (53.7%) of the Excel,

PowerPoint, Word, PDF, and text AttachmentAdd

3%

files that our subjects interacted Am‘hg‘;"‘sa"e

with were related to at least one Figure9. Distribution of provenance event
by type

other file through provenane.
Table 2 shows the number of occurrences for each provenance event,
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applicable.
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Sources Destinations

PowerPoint .

ﬂ/

FigurelO. Sources and destinations of ceqyd-paste by file type.

We also tracked apmations that were copied from and pasted into, shown in
Figurel0. Though we could detect copy events from websites, emails, Notepad, and
Microsoft Office applications, only Notepad and Microsoft Office were instrumented
to deted pastes. The internet was the most common source for empypaste,
followed by Excel and emails. About half of the recorded @mpaste events
ended up in Word and onthird were into Excel.

Copy and paste events help demonstrate the flow of infation between
Microsoft Office applications (Excel, PowerPoint, and WoFijurell expresses
these relationships as percentages of overall information flow (for example, copies
from PowerPoint to Word made up 13.71% of the @lkecopypaste events between
MS Office applications). Excel was often a source of information for the other 2
applications, with more than half of cogaste events coming out of Excel. Subjects

Ffa2 NBOIFftSR O2LBAY3I T NEeNews9lifdniation NB L2 NI &
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flowing from Word to PowerPoint and

from PowerPoint to Excel was much less

3 88%

13.71% 27. 94% %

4. 92% 24.97%

common.

As mentioned previously, we could

only track websites and emails as the
sourcef copying, not as the destinations
of pastes. For this reasoimformation

_ _ flowing from websites and emails is
Figurell. Information flow between

Microsoft Office applications illustrated separately iffigurel2. The

vast majority of data copied from these two applications ended up in Word
documents. Keep in mind that the arrows only represent eapg-paste events, not

email attachments or web 31.5% { 7.2%

g o)
B’ 3»

54%

downloads/uploads.

We focused our provenance graph

analysis on graphs that consisted of at

least three resources, which we refer to a

significant provenance graphs (simple twc

resource relationships are not good 38. 7% 14 3%

examples of provenance history). We Figurel2. Information flow out of

Outlook and IE based on copygste
discovered 521 significant graphs among P

our participants (30.6 per subject), with an average of 5.8 resources per graph.



42

Resources that belong to significant graphs may be good candidates for provenance
based retrieal cues, as they are connected to 2 or more documents that are likely
NEfFiSR® C2NJ OfIFINARGezT 6S gAftf NBFTSNI G2 0
Subjects had an average of 178 significant resources in their collections, or 4
significant resourceper workday.

Figurel3 shows one of the graphs we produced by analyzing provenance
RFEGF o CKAA ol a Fftaz2 2yS 2F (GKS LINRPOSYIlyO
During the interview, the subject explained that he made ateraspreadsheet
(circled inFigurel3) to track individual user tests. Each test had a test script saved as
an Excel spreadsheet, which then became associated with the master spreadsheet

through copyand-paste events.

-

Figurel3. Actual provenance graph for one of our subjects.



