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Abstra
tAlmost everyone 
arry out personal information management at one level oranother 
ons
iously or not. Due to the limitations of human 
ognitive 
apabilitiesdi�erent kinds of tools are used to support and fa
ilitate the pro
esses involvedin personal information management a
tivities. Resear
h in the area in
ludesobservations of personal information management pra
ti
es in both physi
al of-�
e environments and in use of di�erent 
omputer-based systems. This haslead to an initial understanding of aspe
ts of personal information managementand identi�
ation of problems involved. Novel models and systems to supportpersonal information management have been proposed. This in
ludes di�erentapproa
hes to the organization of information. Typi
ally di�erent dimensions ofmemory about information have been utilized, su
h as, temporal, spatial, andtopi
-oriented. However, resear
h into the 
apabilities of these systems in termsof supporting personal information management has re
eived little attention.This thesis in
ludes a survey of resear
h and studies of the area of personalinformation management in
luding di�erent approa
hes to the support of it inintera
tive systems. Based on these prior results an entity-attribute-
olle
tion-a
tion model is des
ribed. The model aims at addressing issues and problemsin personal information management and provides a foundation on whi
h inter-a
tive personal information systems 
an be built. Existing intera
tive personalinformation management systems are 
hara
terized by a 
ompartmentalized sup-port of di�erent types of personal information and a
tivities. This approa
h aimsto provide integrated and uni�ed intera
tion with information in systems basedon the model.A resear
h prototype implementation of an intera
tive personal informationmanagement system has been developed based on the model. The user interfa
eof the resear
h prototype provides uni�ed intera
tion a
ross information typesand information stru
tures in the system. The prototype serves as a proof-of-
on
ept, and allows preliminary experiments to be 
arried out.



Semi-stru
tured interviews were 
ondu
ted with eight test subje
ts to studytheir personal information management habits and pra
ti
es. The results gen-erally 
on�rmed �ndings from prior studies mentioned above, and indi
ate thatproblems identi�ed in prior studies are still present even in use of present inter-a
tive personal information management systems. Additionally a pilot usabilityexperiment was 
ondu
ted involving observations of test subje
ts thinking aloudwhile performing a set of simulated personal information management tasks us-ing the resear
h prototype. The subje
ts were 
apable of using the resear
hprototype for the simulated tasks and understand the underlying model. Theexperiment provided initial indi
ations that the model provides a framework onwhi
h personal information management systems 
an be built.Future work in
ludes further development of the resear
h prototype, and realuse experiments over longer periods of time where subje
ts manage their ownpersonal information. Although only simulated tasks were given the 
on
lusionis that the experiments have provided initial indi
ations that the model and theuni�ed approa
h may provide support for the aspe
ts and 
ognitive pro
essesinvolved in personal information management.
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Dansk resum�eNEXUSEn ensartet tilgang til h�andtering af personlig information iinteraktive systemerStort set alle mennesker h�andterer personlig information p�a et eller andetniveau bevidst eller ubevidst. Grundet begr�nsninger i menneskers kognitiveform�aen m�a forskellige v�rkt�jer benyttes for at underst�tte og lette de pro-
esser der er indg�ar i h�andtering af personlig information (eng: personal infor-mation management). Forskning indenfor omr�adet har best�aet i observationer afh�andtering af personlig information i fysiske kontormilj�er s�avel som ved brug af
omputer-baserede systemer. Det har f�rt til en forel�big forst�aelse af omr�adet,samt identi�kation af problemer. Nye modeller og systemer til h�andtering afpersonlig information er blevet foresl�aet. Dette inkluderer forskellige tilgangetil organisering af information. Typisk er forskellige dimensioner af erindringom information blevet benyttet, s�asom tidslig, rumlig, og emne-orienteret. Imi-dlertid har evaluering af disse tilganges underst�ttelse af h�andtering af personliginformation og aktiviteter f�aet mindre opm�rksomhed.Denne afhandling omfatter en oversigt over studier af h�andtering af person-lig information og forskellige tilgange til underst�ttelse af dette i interaktivesystemer. Baseret p�a hidtidige resultater beskrives en entity-attribute-
olle
tion-a
tion model. Denne model har til form�al at adressere problemer i h�andteringaf personlig information og give et fundament hvorp�a interaktive systemer tilh�andtering af personlig information kan konstrueres. Hidtidige interaktive sys-temer er karakteriseret ved en inddeling og adskillelse i brugergr�nse
aden iunderst�ttelse af forskellige typer af personlig information og aktiviteter. Denforesl�aede tilgang har derimod til form�al at give en integreret og ensartet inter-aktion med informationer i systemer baseret p�a modellen.
iii



Et prototype interaktivt system til h�andtering af personlig information erimplementeret baseret p�a modellen. Prototypesystemet har en brugergr�nse-
ade med ensartet interaktion med forskellige informationstyper{ og struktureri systemet. Prototypen er ment som en illustration af kon
eptet og muligg�rdesuden udf�relse af forel�bige eksperimenter.Semi-strukturerede interviews er blevet foretaget med otte testpersoner for atunders�ge deres vaner og metoder til h�andtering af personlig information. Un-ders�gelsen har generelt bekr�ftet resultater fra ovenn�vnte tidligere studier.Det indikerer at de problemer der er identi�
eret hidtil ligeledes er g�ldendemed brug af nuv�rende interaktive systemer til h�andtering af personlig informa-tion. Derudover er der foretaget et pilot usability eksperiment med observationeraf testpersoner der t�nkte h�jt, imens de udf�rte en r�kke simulerede opgaveri h�andtering af personlig information ved brug af prototype systemet. Testper-sonerne var i stand til at benytte prototypen til de simulerede opgaver, samt atforst�a den underliggende model. Eksperimentet har givet forel�bige indikationeraf, at modellen er en brugbar ramme for konstruktion af interaktive systemer tilh�andtering af personlig information.Fremtidigt arbejde inkluderer videreudvikling af prototypen, og eksperimenterder involverer brug i virkelige situationer over l�ngere tidsperioder hvor test-personerne benytter egen personlig information. Trods der kun er benyttetsimulerede opgaver er konklusionen, at eksperimentet har givet forel�bige in-dikationer af, at modellen og den ensartede tilgang underst�tter h�andtering afpersonlig information og kan underst�tte de aspekter og kognitive pro
esser derer involveret heri.
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Prefa
eIn his famous paper "As We May Think" published in 1945 Vannevar Bushdes
ribed his vision of the "memex" { a devi
e that would supplement humanmemory and fa
ilitate managing large quantities of information [Bus45℄. Thispaper has often been 
ited as the �rst to suggest hypertext, as it suggests, "as-so
iative indexing" tying information items together { linking information and
reating trails.It has been inspiring for my work to read the paper from a personal infor-mation management perspe
tive. That is, in addition to hypertext VannevarBush a
tually propose an intera
tive personal information management system{ "a me
hanized private �le and library [...℄ in whi
h an individual stores allhis books, re
ords, and 
ommuni
ation". Moreover, Vannevar Bush suggeststhat the traditional hierar
hi
al indexing of information is unsuitable, as thehuman mind does not work that way. Asso
iation of thoughts is the reason forsuggesting the "memex" devi
e, utilizing this property of the human mind.However, even present intera
tive systems aiming to fa
ilitate personal infor-mation management still mainly rely on traditional information indexing. Thus,in my opinion, the 
hallenge to realize the vision of Vannevar Bush still remains.It is immensely ingenious, immensely 
ompli
ated, and extremly e�e
tive, butsomehow at the same time 
rude, wasteful, and inelegant, and one feels that theremust be a better way of doing things.{ C. Stra
hey (speaking not of Windows but of the IBM Stret
h 
omputer in1962) [Ras00℄ xvii





Chapter 1Introdu
tionHumans keep and manage personal information as part of both their privateand professional lives. Time and e�ort is spent managing and �nding personalinformation. This in
ludes storing information for later use and retrieving thatinformation again. Both paper-based and ele
troni
-based tools are used tosupport the human memory and to fa
ilitate the pro
ess of keeping and managingpersonal information.Over the last de
ades 
omputer-based systems have been used in
reasinglyfor information sharing, ex
hange, pro
essing, and storage, re
ently in terms ofweb-based information systems. A drasti
 in
rease in networked resour
es andnetwork a

essible information has been observed. The in
reasing network 
on-ne
tivity and in
reased use of networked information applian
es have in
reasedthe quantity of information available to users. The in
reased use of the WorldWide Web, and other networked systems have 
ontributed 
onsiderable to thisdevelopment. Additionally 
omputer-based systems have been used for asyn-
hronous 
ommuni
ation in terms of e-mails, and more re
ently for syn
hronous
ommuni
ation in terms of instant messaging systems. The in
reased use of su
hsystems for information ex
hange and 
ommuni
ation has in
reased the quantityand variety of information that potentially must be managed by humans using
omputer-based systems.This poses a set of 
hallenges for humans to keep and organize the informationand it also poses a set of 
hallenges to the design of systems, whi
h may support1



2 CHAPTER 1. INTRODUCTIONand fa
ilitate personal information management and use of this information.Although personal information management has been studied as a pheno-menon for a 
ouple of de
ades the body of knowledge is 
hara
terized by beingsomewhat fragmented. The results are limited and also the appli
ation of resultsis limited and has not lead to 
onsiderable improvements of systems supportingpersonal information management. Typi
ally personal information managementhas been studied with fo
us on spe
i�
 (isolated) usage, su
h as, management ofdo
uments, e-mail usage, or bookmark management. Moreover the studies areoften based on interviews rather than observations of a
tual behavior. A poten-tial problem is that studying the phenomenon in terms of existing informationtypes and appli
ations may 
ause a somewhat in
omplete understanding of per-sonal information management pra
ti
es and problems. However, it is re
ognizedthat 
arrying out 
omprehensive studies of personal information management isboth diÆ
ult and demands 
onsiderable resour
es. It involves issues su
h as pri-va
y and problems observing subje
ts in di�erent lo
ations, situations of use, andusing di�erent types of tools. This means preferable studies in non-laboratorysettings and over longer periods of time. Su
h studies demand 
onsiderable re-sour
es and imply that 
arrying out studies of personal information managementas a whole is a major undertaking. Nevertheless, studies fo
used on use of spe-
i�
 information and improvements of tools whi
h support management of su
hinformation exists. These studies provide valuable insights and understandingof some aspe
ts of personal information management pra
ti
es and problems.Still further studies are needed in order to a
quire better understanding of thefundamental problems of personal information management.1.1 Personal Information ManagementPersonal information is information that is kept for our own use. The informationmay or may not be private. It is 
onsidered personal, as it is either a privatepie
e of information or it represents a personal interest in a pie
e of informationthat is not private. This means that personal information 
an be 
hara
terizedas either being private information or having individual interest. The typesof personal information may in
lude addresses, phone numbers, appointments,s
hedules, reminders, messages, fa
ts, ideas, journals, referen
es, notes, diaries,



1.1. PERSONAL INFORMATION MANAGEMENT 3et 
etera. This means information that is used in a
tivities in everyday life.As the information is personal humans develop and habituate individualstrategies for the management of the information. Su
h strategies in
lude build-ing piles of do
uments in an oÆ
e environment, or 
reating and maintaining anextensive hierar
hi
al �ling stru
ture in an intera
tive information system.Personal information is 
hara
terized by being organized in an ad ho
 man-ner and therefore being unstru
tured, semi-stru
tured, informally stru
tured, orformally stru
tured1. Studies have shown that individuals may use all thesetypes of organizations, and that the weighting among them is highly individ-ual [Col82℄ [BN95℄ [FFG96a℄. Some humans 
an be 
hara
terized as "pilers"where most information is unstru
tured or semi-stru
tured, and others 
an be
hara
terized as "�lers" where most information is formally stru
tured [Mal83℄.This means that management of personal information is both highly indi-vidual and quite 
omplex. Additionally it in
ludes a set of disparate a
tivities,
ognitive pro
esses, and types of information. Some of the a
tivities in
ludetask management, s
heduling, 
ommuni
ation, reminding, and �ling informa-tion, that is, reading, storing, 
ategorizing, sear
hing, sorting, and dis
ardinginformation. It involves 
ognitive pro
esses of re
alling, re
ognizing, and 
ate-gorization of the information.Even though a set of disparate information is in
luded it is often interlinkedand interrelated information. In a parti
ular 
ontext of use a set of disparateinformation types may be involved. For instan
e an appointment may in
ludeinformation about people, pla
e, s
hedule, notes about the appointment, and areminder about the appointment.Finally 
omplexity is 
aused by the fa
t that the information and informationstru
tures may evolve over time. The information and the 
ontext of its use mayalso evolve over the lifetime of the information. This makes the issue of storingand retrieving information more diÆ
ult, as information may belong in a di�erentstru
ture than originally intended, or it may be used later in a di�erent 
ontextthan it was originally intended.1Formally stru
tured refers to a systemati
 approa
h to the organization of information



4 CHAPTER 1. INTRODUCTION1.2 Human IssuesAs the information in question is personal it means that all information itemsmanaged and retrieved represents known information items. This implies thatthe individual will remember something about the information and may be ableto re
olle
t something from memory about the information. This re
olle
tion
an in
lude di�erent dimensions of memory about information regardless of theapproa
h taken to organize the information. Even if the information was notorganized as su
h using a parti
ular strategy. For instan
e the individual maypartly remember the 
ontent of the information, or the time the information wasused or re
eived, the person from who the information originated, or a 
ategoryunder whi
h the information was �led.As humans remember about information along many di�erent dimensions,these di�erent dimensions of memory may be used in re
olle
ting the informa-tion [Lan86b℄ [Lan88℄. The spatial lo
ation of an information item is one di-mension of the human memory. For instan
e an individual may re
all that aninformation item was left on the upper-left side of a table, in a parti
ular pile,or on a shelf in the oÆ
e. He may remember when the information item was lastused, whi
h represents a temporal dimension of memory about the informationitem. Additionally he may partially re
olle
t the 
ontent of the information itemor the size of the information item by some measure. For instan
e that is was ado
ument about a parti
ular topi
 and that it 
ontained about ten pages.1.3 Supporting and Fa
ilitating PIMSystems and tools are needed to support and fa
ilitate the management, re-trieval, and use of personal information due to human 
ognitive 
apabilities andlimitations of human memory. Additionally the a
tivities involved in personalinformation management are 
omplex for the individual due to the quantity anddiversity of personal information that may be used in everyday life.As mentioned humans apply di�erent strategies and a wide variety of systemsand tools in order to perform these everyday personal information managementtasks [Mal83℄ [BN95℄ [FFG96a℄. It may in
lude the use of both paper-basedand ele
troni
 systems. Studies have shown how humans develop individual



1.3. SUPPORTING AND FACILITATING PIM 5strategies for information management in an oÆ
e environment [Mal83℄ andusing ele
troni
 systems as well [BN95℄.Information retrieval systems have been resear
hed for de
ades. Di�erent in-formation retrieval te
hniques and tools have been studied, that is, the pro
essof doing information dis
overy from some sour
e [JBD01℄ and [DCC+03℄. Manyof these systems fo
us on �nding or dis
overing information. However, for per-sonal information management the issue is not dis
overing information as su
h.On
e the information has been dis
overed it be
omes known information, thatis, information that has been seen before and used in a parti
ular 
ontext. Inpersonal information management the problem is �nding and reusing informa-tion that has already been seen or handled by the individual. The problem of�nding and retrieving su
h already known personal information has re
eived lessattention. Su
h known information items may be retrieved from a repositoryin whi
h it was originally dis
overed or it may be stored and retrieved from apersonal information repository.Therefore the purpose of personal information management systems are tosupport and fa
ilitate the pro
esses involved in personal information manage-ment, that is, allowing easy retrieval and reuse of personal information.Although personal information management is 
arried out using both paper-based and ele
troni
 tools the fo
us is on the support of personal informationmanagement in intera
tive systems. That is, a fo
us on user interfa
es andintera
tion in intera
tive systems that support personal information managementa
tivities and information. Thereby also realizing that some personal informationmay be handled outside su
h systems.Studies of personal information management have identi�ed behaviors andstyles. Su
h studies have also identi�ed di�erent examples of unintended use,as systems have not supported the fun
tionality needed. Current systems arelimited in terms of supporting the aspe
ts involved in personal information man-agement. The tools might be used in di�erent ways than intended, as they musthandle di�erent situations of use and information than they were originally de-signed to deal with. For instan
e the management of di�erent types of personalinformation 
an be seen in the use of di�erent software appli
ations.E-mail systems are designed to handle asyn
hronous 
ommuni
ation. How-ever, studies have shown that su
h systems are typi
ally used for additional fun
-



6 CHAPTER 1. INTRODUCTIONtions, su
h as task management and information management [Ma
88℄ [WS96℄.As the systems were not designed to support this additional fun
tionality, usershave to 
ope with sub optimal support and develop their own strategies andways of use.Another example is studies of how humans keep referen
es to information.Re
ently there have been studies of how humans keep referen
es (bookmarks) toweb pages (URL's) [JBD01℄ [ABC98℄. Typi
ally webbrowsers have a hierar
hi
alorganized ar
hiving system for su
h bookmarks. However, studies have shownthat this feature is not the most widely used method for ar
hiving and keepingbookmarks to web pages. Instead bookmarks are stored in do
uments or emails,or in some other way in the 
ontext in whi
h the bookmark is used. Apparentlysu
h bookmark feature in webbrowsers does not provide the needed support of
ontext and reminding relevant to personal information management.A more general example is the hierar
hi
al organization of information typ-i
ally used in di�erent software appli
ations for information management. Anobvious example is hierar
hi
al �le systems available in modern operating sys-tems. Creating a �ling strategy and maintaining the hierar
hi
al stru
ture itselfis a diÆ
ult and time-
onsuming task. Ea
h information item may need namingand identi�
ation. It may not be easy or relevant to provide a name for an in-formation item. In the physi
al world humans do not have to provide names forall obje
ts. Filing of information may be ambiguous, that is, it may naturallybelong in more than one stru
ture. In �le systems �les typi
ally reside in exa
tlyone dire
tory (folder), even though multiple organizations may be relevant2.This indi
ates that su
h hierar
hi
al stru
tures may be too rigid and unsuit-able for personal information management and use. Not all personal informationneeds to be ar
hived or organized into a hierar
hi
al stru
ture. Allowing hierar-
hi
al organization of information only may therefore not be suitable, as sometypes of personal information is more suitably organized into other types of in-formation stru
tures. An information item may more naturally belong in anunstru
tured 
olle
tion or into a temporally organized stru
ture. Finally an in-formation item may be used for a short while only and then dis
arded, why itis unne
essary to provide a name or otherwise organize the information item.2Some implementations of �le systems allow symboli
 links to �les, whi
h then simulates a�le residing in multiple stru
tures



1.3. SUPPORTING AND FACILITATING PIM 7Additional 
exibility is also needed as the stru
ture of information and its usemay 
hange over time and due to the semi-stru
tured nature of some personalinformation items.An additional problem is that supporting multiple a
tivities or informationtypes in a software appli
ation user interfa
e often means a 
ompartmentalizeduser interfa
e. This means that di�erent information types are handled by dif-ferent 
omponents in the user interfa
e. This issue often 
ause user interfa
esto in
lude di�erent modes of intera
tion, whi
h may 
ause 
onfusion and mis-takes [Ras00℄. Su
h separation in the user interfa
e allows little integration ofthe personal information a
ross disparate information types. As a
tivities re-lated to personal information 
an be 
losely related to ea
h other information ofdi�erent type might belong naturally together, as it is used together in a parti
-ular 
ontext of use. Thus intera
tive personal information management systemsmust provide support for these di�erent a
tivities and the 
ognitive pro
essesinvolved. It may be advantageous to provide su
h support in a uni�ed way, asthe information and a
tivities are so 
losely inter-related.Di�erent approa
hes (metaphors) have been tried out stemming from resear
hproje
ts as well as 
ommer
ial proje
ts. These have tried to address the di�erentsubsets of problems 
reated by the 
hanging information environment on the oneside, and dealing with the parti
ular problems related to the support of disparatea
tivities and information involved in personal information management on theother side.Typi
ally these di�erent approa
hes have fo
used on di�erent ways of or-ganizing and managing information, su
h as, hierar
hi
al [JRV+89℄, tempo-ral [FFG96b℄ [Rek99℄, spatial organizations [PF93℄, attribute oriented approa
hes[KKB+90℄ [AKA99℄ [DEL+00℄ to mention a few. Ea
h of these approa
hes pro-vides di�erent levels of support for personal information management and ea
hfo
us on di�erent aspe
ts of personal information management.These di�erent examples provide indi
ations of some issues in the design andapproa
hes in terms of personal information management. Together studies ofuse and the di�erent approa
hes provide useful information, whi
h 
an be usedin further resear
h of personal information management. It hints that di�er-ent approa
hes might provide better alternatives to the support of the personalinformation management.



8 CHAPTER 1. INTRODUCTIONThis means di�erent approa
hes to the design of user interfa
es and intera
-tion in intera
tive systems in order to support and fa
ilitate the spe
i�
 a
tivities,types of information, and 
ognitive issues involved in personal information man-agement. Thereby enabling better support of the diversities and wide range ofa
tivities in
luded in personal information management.1.4 NEXUS ModelTo address these issues alternatives to the underlying system model, user in-terfa
e, and intera
tion are 
onsidered. We present an approa
h based on a
on
eptual model, whi
h serves as the foundation for an intera
tive personal in-formation management system. The approa
h in
ludes four basi
 
omponents:� Information entity (the lowest granularity information unit representing apie
e of information, for instan
e a fa
t)� Information attribute (a name/value pair, that is, metadata that 
an beasso
iated to and des
ribe information entities). To des
ribe what theinformation is (instead of des
ribing where it is)� Information view (a 
olle
tion and organization of information entities,that is, a subset of information entities)� A
tions (represent fun
tionality that may be invoked on an informationentity or 
olle
tion of information entities to perform a parti
ular manip-ulation of those information entities)This simple attribute-oriented model allows a 
exible way of storing infor-mation. The information does not need a stati
 predetermined s
heme. Thereare no assumptions about data stru
tures or relationships between informationentities.Rather the model allows any number of attributes to be asso
iated with in-formation entities and any relationship between information entities. Thereforeit allows information and information stru
tures to evolve. Also multiple orga-nizations of information entities based on the asso
iated attributes are possible,



1.5. RESEARCH PROTOTYPE 9whi
h means multiple views of the same information. Others have investigated orused attribute-oriented models for information management [GJSJ91℄ [HKQ02℄[DELS99℄ [BYJR00℄ [KKB+90℄.The properties of the model are important in order to support and fa
ilitatepersonal information management. As su
h the model is used as the foundationfor an intera
tive personal information management system, whi
h aims to sup-port and fa
ilitate the aspe
ts of personal information management mentionedin the previous se
tions.1.5 Resear
h PrototypeA resear
h prototype of the model has been implemented. This allows a personalinformation management appli
ation prototype { NEXUS { to be built on top ofthe model. This appli
ation aims to support and fa
ilitate personal informationmanagement, i.e. it aims to support and fa
ilitate the parti
ular issues involvedin personal information managementThe resear
h prototype has been implemented as a traditional desktop ap-pli
ation with a graphi
al user interfa
e. It in
ludes support for a variety ofdi�erent a
tivities related to personal information management, whi
h meansinformation types su
h as, e-mail, 
alendar appointments, 
onta
ts, addresses,to-do items, notes, bookmarks, et 
etera.The prototype user interfa
e provides a uni�ed user interfa
e to and inter-a
tion with the information in the system. The intera
tion with informationentities and 
olle
tions of information entities is implemented with a small 
on-sistent set of 
ommands, whi
h apply a
ross information types. This means thatpotential users of the system will only have to learn a fairly small 
ommand set,whi
h applies a
ross disparate information types.As the system is built on top of the model the information types mentionedthere is no immediate distin
tion between these information items. They may bedistinguished in terms of the di�erent attributes asso
iated with the informationitem. As su
h an e-mail is only 
onsidered di�erent from a 
alendar item interms of the di�erent attributes asso
iated with the two information items.The information types supported in the prototype system in
ludes e-mail, to-



10 CHAPTER 1. INTRODUCTIONdos, notes, bookmarks, musi
, et 
etera. The resear
h prototype allows multipledi�erent organizations of these information types, and disparate informationentities may be organized together into 
olle
tions. For instan
e a 
olle
tionmay relate to a proje
t, whi
h 
ontain proje
t related e-mails, notes, do
uments,s
hedules, and address information for proje
t parti
ipants.Asso
iating des
riptive attributes is optional, whi
h means that informationmay be unstru
tured, semi-stru
tured, or belong in a stru
ture. This stru
turemay be a 
olle
tion of information entities, or a list of information entities, orbelong in a hierar
hy. However, the 
urrent prototype interfa
e only has limitedintera
tion support for 
reation of di�erent information stru
tures, as the fo
ushas been on the 
on
ept of unifying intera
tion in the user interfa
e. Futurework in
ludes further development of the resear
h prototype.Adding new or 
hanging existing asso
iated attributes allows the stru
turesin whi
h information entities belong to 
hange and evolve over time. For instan
ean information entity may be in
luded in new 
olle
tions and stru
tures if needed.Finally the resear
h prototype in
ludes sear
h fa
ilities. It enables sear
hingboth the 
ontent of information entities and the attributes asso
iated with theinformation entities. As multiple attributes may be asso
iated with informationentities it supports the human ability to re
all along di�erent dimensions aboutthe personal information.1.6 Related WorkThis se
tion provides a short summary of related work. The fo
us is on inter-a
tive systems, whi
h provide some level of support for personal informationmanagement, or is otherwise relevant to the NEXUS approa
h. Related work isfound both within the resear
h �eld of human 
omputer intera
tion, and also in
ommer
ial proje
ts or produ
ts. The fo
us is on related resear
h proje
ts, but a
ouple of 
ommer
ial produ
ts are in
luded in the dis
ussion, as they are highlyrelevant or widely used. As this se
tion is a short summary only approa
hesrepresentative of related work is mentioned. Chapter 4 provides a more detaileddis
ussion of related work. Chapter 10 provides a summary of the proje
ts mostrelevant and 
ontrast them against the approa
h presented here.



1.6. RELATED WORK 11In several proje
ts related to personal information management similar prob-lems have been identi�ed, and similar questions asked. However, di�erent proje
tshave provided very di�erent solutions, ea
h addressing di�erent aspe
ts of theproblems.The most widespread and widely used 
omputer user interfa
e metaphor to-day is the desktop metaphor. Originally a proje
t at Xerox Par
 [JRV+89℄, butthe model has been adopted in 
ommer
ial produ
ts from Apple, IBM, Mi
rosoft,and others. Current implementations have a desktop, whi
h is a spatial layout ofinformation (�les or do
uments). This 
an be used as a temporary pla
eholder,for information that is important, or information serving as reminders of tasksto 
arry out. However, multiple open appli
ation windows may hide informationpla
ed on the desktop, and they may also 
lutter the s
reen. Modern operatingsystems, whi
h implement the desktop metaphor uses a hierar
hi
al stru
tured�le system. This for
es a hierar
hi
al stru
ture of user �les and do
uments, andalso that the user provides a name for ea
h �le. This allows for one organiza-tion of information only. Some systems have fa
ilities, whi
h allow the user to
reate links to �les elsewhere in the hierar
hi
al stru
ture, thus simulating mul-tiple organizations of information. Files are handled by di�erent appli
ationsdepending on the type of information, thus introdu
ing several di�erent modesof operation [Ras00℄. Finally, individual desktop appli
ations may of 
ourse haveappli
ation-spe
i�
 information stru
tures and organization of informationPAD++ is a resear
h system from University of Maryland and Universityof California, San Diego [BH94℄, whi
h is a so-
alled Zooming User Interfa
e(ZUI) [PF93℄. It is an alternative approa
h to 
omputer user interfa
es su
has the desktop metaphor. The approa
h is based on spatial organization ofinformation. Information is pla
ed onto a two-dimensional surfa
e similar toa desktop. However, the surfa
e is in�nite, and the system allows the user tozoom in to get further detail and zoom out to get overview. Therefore su
hsystems are also known as multis
ale user interfa
es. PAD++ has been appliedfor personal information management, where the personal information is simplyorganized in a spatial way on the in�nite surfa
e. The idea is also that naminginformation entities is not ne
essary. Obviously this approa
h may support lessstru
tured personal information when pla
ed onto the surfa
e in no parti
ularstru
ture similar to organization of papers on a physi
al desk. Additionally itmay support reminding of tasks to 
arry out, simply by leaving information in
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i�
 lo
ations on the surfa
e.Lifestreams is a system from Yale University, whi
h is also an alternative tothe desktop metaphor [FFG96b℄. Lifestreams is based on a diary metaphor, thatis, an organization of �les and do
uments into temporally organized streams.Information may in
lude do
uments and �les, but also e-mails and 
alendarevents [Fre97℄, thus not all information needs to be handled by individual ap-pli
ations. Information is automati
ally organized on to the temporal stream,whi
h means that the user is not for
ed to spe
ify a spe
i�
 name or otheridenti�
ation of information entities.Pla
eless Do
uments is a resear
h proje
t from Xerox Par
, whi
h aims tofa
ilitate do
ument management, by addressing the problem of hierar
hi
al or-ganization of information [DELS99℄. The proje
t is not aimed at personal in-formation management spe
i�
ally, but do
ument management in general. Inthis approa
h �les and do
uments are tagged with a set of des
riptive attributes(metadata). The attributes are both system derived and user de�ned. Theuser 
an add any number of attributes to �les and do
uments. Additionallythe do
uments are pla
ed onto a surfa
e, and asso
iated attributes are shownvisually next to the do
uments. The system also allows grouping of sets of do
u-ments. Pla
eless Do
uments may fa
ilitate some aspe
ts of personal informationmanagement, but as personal information management was not the fo
us of theproje
t it has not been studied.Haysta
k is a resear
h proje
t from MIT [AKA99℄ similar to the Pla
elessDo
uments proje
t. One of the aims of Haysta
k is to fa
ilitate personal infor-mation management spe
i�
ally. Similar to the Pla
eless Do
uments approa
hinformation have asso
iations to des
riptive attributes (metadata). This allowsmultiple organizations of information entities. Information is displayed in views,and information entities may be viewed and a

essible from within multipleviews. Thus an information entity may be used in multiple views, whi
h may beused for di�erent tasks and in di�erent 
ontext of use. The prototype user inter-fa
e has a display that 
ontains a set of views simultaneously. For instan
e fourdi�erent views 
ontaining e-mails, 
alendar, news items, and items related to aproje
t. As all information are lo
ated in these it is un
lear to what extent theapproa
h fa
ilitates the reminders. The user interfa
e of the Haysta
k prototypehas navigation similar to hypermedia (webbrowser) navigation.



1.6. RELATED WORK 13Lotus Agenda is a 
ommer
ial text-based DOS software produ
t from LotusDevelopment from the late 1980's, whi
h aim to fa
ilitate personal informationmanagement [KKB+90℄. Unlike other personal information management soft-ware appli
ations Agenda is based on a simple item-attribute-view model similarto the model mentioned above. An information item is a short string of text, withthe possibility of asso
iating des
riptive text. Attributes 
an be added to theinformation items. Thereby the information items are organized into di�erentviews depending on the attributes asso
iated. This allows for multiple organi-zations of the same information. Even though Agenda has a text-based userinterfa
e, the system has many aspe
ts of a uni�ed user interfa
e and intera
tionlike NEXUS, as 
ommon 
ommands apply the same in the system independentof an information entity representing an appointment or an address. Attributesin Agenda are a little di�erent, as they belong in a hierar
hi
al stru
ture.There are multiple ways of visually presenting information [Shn96℄. As per-sonal information management involves di�erent types of a
tivities and di�erenttypes of information, appropriate visual presentations of the personal informa-tion may depend on 
ontext and the purpose of use. The resear
h prototypeuser interfa
e allows the user to 
hoose among multiple presentations of personalinformation, and to 
reate unlimited additional views of personal information.Thereby using a view of information, whi
h is useful for the task and 
ontext ofuse.The purpose of the NEXUS approa
h and the approa
hes mentioned aboveare to support and fa
ilitate the di�erent pro
esses and information types in-volved in personal information management. The NEXUS approa
h has ele-ments, whi
h are similar to the approa
hes mentioned above. However, thereare no studies, whi
h 
ompare the approa
hes above in terms of supporting andfa
ilitating the di�erent aspe
ts of personal information management. This leadsto a 
omparison of the approa
hes as su
h, rather than their individual appli
a-bility for supporting and fa
ilitating personal information management.The NEXUS model is similar to the one used in Agenda, and partly inHaysta
k. The NEXUS approa
h emphasizes the aspe
t of providing uni�edintera
tion and user interfa
e a
ross di�erent types of information and di�erentorganizations of information. This is only partially supported in the Agendaand Haysta
k approa
hes. Additionally it supports multiple ways of organizing



14 CHAPTER 1. INTRODUCTIONinformation, and does not rely on a single type of organization only, su
h as a,hierar
hi
al, spatial, or temporal organization approa
h. Some other approa
hesallow multiple organizations of information entities too. As mentioned the pur-pose of the NEXUS approa
h is to support and fa
ilitate the pro
esses involvedin personal information management, however it is un
lear how it 
ompares tothe other approa
hes mentioned. For instan
e it is un
lear how well remindingis supported by the NEXUS resear
h prototype.The di�erent approa
hes to support personal information management aredis
ussed in further details in Chapter 4 and Chapter 10 summarizes the ap-proa
hes 
losest to this approa
h and they are 
ontrasted against the NEXUSapproa
h.1.7 ContributionsThe 
ontributions of this thesis are 
onsidered to in
lude:� An attribute-oriented model on whi
h personal information managementsystems may be built, enabling uni�ed a

ess and intera
tion with infor-mation in the system� A resear
h prototype implementation that serves as a proof-of-
on
ept ofthe model for personal information management and a test bed for furtherexperiments� Experiment involving semi-stru
tured interviews of subje
ts in order to getan understanding of present pra
ti
es and problems in personal informationmanagement� Pilot usability experiment with the resear
h prototype implementationevaluating the approa
h in terms of providing support of personal infor-mation management� A survey of prior personal information management studies and an iden-ti�
ation and 
lari�
ation of the issues involved in personal informationmanagement



1.8. OUTLINE 15� A 
omparative analysis of di�erent approa
hes to the support of personalinformation management (in intera
tive systems)� A set of dire
tions for further resear
h in the area of personal informationmanagement� Identi�
ation of issues in personal information management that may in-form designers of issues to 
onsider in the design of su
h system1.8 OutlineThe outline of the thesis is as follows.Chapter 2 introdu
es the 
on
ept of Personal Information Management. Thisintrodu
tion in
ludes a dis
ussion of studies of how people perform personalinformation management, and the 
ommon �ndings that has been generalizedfrom resear
h in the area.Chapter 3 dis
usses 
ognitive aspe
ts of personal information management.This in
ludes issues su
h as re
ognition and re
all, that is, spe
i�
ally the roleof memory in personal information management.Chapter 4 dis
usses the support of personal information management in in-tera
tive systems. It in
ludes a presentation of di�erent approa
hes and modelsto the support personal information management in intera
tive systems. The ad-vantages and disadvantages of the di�erent approa
hes and models are dis
ussedin terms of spe
i�
 personal information management a
tivities and 
ognitiveissues.Chapter 5 further dis
usses problems in 
urrent approa
hes from an interfa
eand intera
tion point of view. A set of spe
i�
 issues is dis
ussed, and it is dis-
ussed how personal information management may be supported and fa
ilitatedthrough a uni�ed user interfa
e and uni�ed intera
tion.Chapter 6 dis
uss models for personal information management systems onthree levels { 
on
eptual models, intera
tion models, and data models. Anattribute-oriented model for the information storage is presented and dis
ussed interms of personal information management support. This in
ludes a dis
ussionof the 
omponents of the model and spe
i�
 issues. Additionally it is dis
ussed



16 CHAPTER 1. INTRODUCTIONhow the model may serve as a foundation for a uni�ed approa
h to the supportof personal information management.Chapter 7 des
ribes the implementation of a resear
h prototype, whi
h servesas a proof of 
on
ept. This in
ludes a presentation of the implementation envi-ronment 
hosen and a des
ription of the implementation of the appli
ation of themodel for personal information management. The user interfa
e of the resear
hprototype system is presented and dis
ussed.Chapter 8 des
ribes initial experiments 
ondu
ted using the resear
h pro-totype. The experiment in
luded interviews with test subje
ts investigatingpersonal information management habits and pra
ti
es. This was followed bya pilot usability experiment where test subje
ts were asked to 
arry out a setof simulated personal information management related tasks using the resear
hprototype.Chapter 9 presents the results of the experiments, and dis
usses these resultsin relation to the system model and personal information management issuespresented in Chapter 2. This in
ludes a dis
ussion of the support for personalinformation management using the model.Chapter 10 provides a summary overview of related work addressing spe
if-i
ally the support of personal information management in intera
tive systems.Using this dis
ussion of related work it is possible to 
ontrast the NEXUS ap-proa
h against the others.Chapter 11 
ontains 
on
lusions, a summary of 
ontributions, and dire
tionsfor future work.



Chapter 2Personal InformationManagementThis 
hapter introdu
es personal information management in general. Per-sonal information management has been de�ned by Lansdale as: "The methodsby whi
h we handle, 
ategorize and retrieve information on a day-to-day ba-sis" [Lan86b℄ and by Thomas and Jones: "[Personal information management℄refers to the methods by whi
h individuals handle, 
ategorize and retrieve infor-mation" [JT97℄.In the following se
tions the di�erent terms are dis
ussed further in
luding thedi�erent aspe
ts of personal information management. This is based on studies ofpersonal information management behaviour in di�erent domains. Studies of be-haviour and personal information management use have been 
ondu
ted in bothtraditional oÆ
e environments and by means of intera
tive systems supportingpersonal information management. The dis
ussion in this 
hapter in
ludes thetypes of information and a
tivities, whi
h have been identi�ed in these studiesof personal information management.The issues relevant in the support of personal information management areemphasized. That means potential impli
ations for the design of systems, whi
haim to support and fa
ilitate personal information management.
17



18 CHAPTER 2. PERSONAL INFORMATION MANAGEMENT2.1 OverviewHumans keep and manage personal information for di�erent purposes as part ofboth their private and professional lives. However, as human memory 
apabilities{ both short term and long-term memory { are limited [Mil56℄ tools are used,whi
h support our memory and the pro
ess of information management.2.1.1 PersonalPersonal information is information that is kept for individual future use andreferen
e based on individual 
riteria. Thus a 
olle
tion of personal informationmay be meaningful to the individual only and in the 
ontext in whi
h the personalinformation is used and understood by the individual.When information is personal it might also be private, meaning to be seenand handled by an individual only. For instan
e personal 
orresponden
e istypi
ally 
onsidered to be private and for the individual to be seen only. Thusthe topi
 of personal information management in
ludes a set of priva
y relatedissues. The priva
y issue has a set of impli
ations for the management of thepersonal information and it also implies a set of impli
ations for the design of
omputer-based systems to ensure that information is available to the individualonly. However, even though the priva
y issue is a highly relevant aspe
t ofpersonal information management, it is not the fo
us of this proje
t. Whethera pie
e of personal information is private or not is not a 
on
ern in this proje
t.Rather the fo
us is on the information being personal as su
h. Personal in-formation in
ludes both private information and publi
 information. A simpleexample 
an 
larify the distin
tion between the two. E-mails are typi
ally 
on-sidered private information, espe
ially if it involves personal 
orresponden
e. Abookmark to a webpage, that is, the referen
e as su
h is not private as su
h butpubli
. Seen, as an isolated pie
e of information, the referen
e itself is not a pri-vate pie
e of information. However, a bookmark may still be a pie
e of personalinformation if it is stored in a 
olle
tion of bookmarks by an individual. Seenin the 
ontext of its use the bookmark might be 
onsidered to be private infor-mation. For instan
e the 
olle
tion of bookmarks may be 
onsidered private. Inany 
ase the bookmark is personal information in the sense that it represents a



2.1. OVERVIEW 19personal interest to the individual.Therefore personal information is either private information or it represents apersonal interest in information that is not ne
essarily private. Thus informationbeing personal means that personal information 
an be 
hara
terized as eitherbeing private information or having individual interest.2.1.2 InformationHaving dis
ussed the personal aspe
t in personal information, the informationas su
h is dis
ussed.With the de�nition provided in the previous se
tion basi
ally any informa-tion 
an be 
hara
terized as being personal information. Stri
tly following thede�nition implies that in 
ase an individual has an interest in information andwants to keep that information or a referen
e to that information it is 
hara
-terized as being personal information. In order to 
larify and delimit the typesof information, the fo
us is on information types that are typi
ally addressed inpersonal information management systems and in studies of personal informationmanagement [BN95℄ [ABC98℄ [Ma
88℄ [WS96℄.In a sense personal skills su
h as information on how to shift gear in a 
aror typing on a keyboard may be 
onsidered personal information at some level.However, this low level type of information is internalized and automati
, andtakes pla
e without 
ons
ious attention or 
ontrol. Therefore the informationdoes not have a representation outside a human being. It is even diÆ
ult forhumans to express the sequen
e of a
tions involved in driving a 
ar on
e thosea
tions have be
ome learned and habituated { a skill [Ras83℄.The fo
us is on information that is expli
it and 
an be expressed by thehuman, so that it may be stored in an external system using a suitable symboli
representation. Personal information may in
lude a wide variety of di�erenttypes of information, whi
h is used as part of di�erent daily a
tivities in everydaylife and/or professional life.



20 CHAPTER 2. PERSONAL INFORMATION MANAGEMENTInformation that may be 
hara
terized as personal information in
ludes, butis not limited to, the following types of information:� Addresses and phone numbers� Calendar and s
hedules� Appointments� To-do items (reminders of things to do)� Messages (paper memos, e-mail messages, or instant messages)� Bookmarks and other types of referen
es to information� Fa
ts and ideas� Notes and annotations� Journals and diaries� Invoi
es and book keeping informationThe information types mentioned above are typi
ally used in relation to adiversity of a
tivities. Di�erent types of personal information may be used to-gether as part of those a
tivities. For instan
e s
heduling a meeting may involves
heduling information, 
alendar information, parti
ipants 
onta
t information,and perhaps messages to the parti
ipants.



2.1. OVERVIEW 212.1.3 ManagementThe management of personal information 
an be seen as an a
tivity 
arried outby humans in order to keep their personal information for later use. Thesea
tivities 
an be divided into two di�erent types of a
tivities.� A
tivities in whi
h personal information is relevant and is used. In this
ase the personal information is not the primary fo
us. Rather the fo
us ison the higher-level a
tivity in itself, and the personal information is onlyused as part of that a
tivity in order to obtain the goal of the a
tivity.For instan
e information su
h as, e-mails, reminders, and 
onta
ts may beused as part of ongoing work a
tivities, as mentioned above. However, thatinformation only serves the purpose of a
hieving a higher-level goal.� A subset of a
tivities is a
tivities where the primary fo
us is the personalinformation as su
h. In that 
ase the management of personal informationis an a
tivity in itself. Management of the personal information means the
olle
tion and handling of the information, whi
h in
ludes tasks su
h as,storing, 
ategorizing, organizing, and dis
arding of the information.An individual keeps personal information for future referen
e and use. Thisinvolves management of the personal information as a ne
essary pro
ess in orderto ensure that the information 
an be found and re-used. Su
h management ofpersonal information may be approa
hed in di�erent ways using di�erent strate-gies. As a simple example of su
h an approa
h is information, whi
h is stored ina spe
i�
 lo
ation in order to enable later easy retrieval and use. For instan
eit may be a note left on the desk as a reminder of a task to 
arry out. Theinformation is the note with a reminder, whi
h is kept and handled by pla
ingit in a parti
ular physi
al lo
ation, whi
h enables easy retrieval and use of theinformation.Personal information management in
ludes the methods used by individualsto 
olle
t and handle information. This involves some organization of the infor-mation, whi
h enables retrieval of the information at some point later in time. Assu
h this is similar to the traditional problems addressed in information retrievalsystems and resear
h, that is, storage and retrieval of information. Therefore



22 CHAPTER 2. PERSONAL INFORMATION MANAGEMENTmanagement of personal information involves a set of the same problems foundin those types of systems.However, personal information management di�erentiates from informationmanagement in general in terms of several aspe
ts. The previous two se
tionsalready mentioned the personal aspe
ts of the information, and the di�erenttypes of information typi
ally addressed.Some spe
i�
 aspe
ts whi
h di�erentiates personal information managementin
lude:� The information is personal, and thus may only be meaningful to an indi-vidual� Information is kept for future referen
e and use, based on individual 
riteria� When retrieving information, the user has already handled that informa-tion (
hosen to keep it and store it). Thus information kept by the indi-vidual is known by the individual� Humans have memory or partial memory of all personal information thatis kept� The stru
ture of the information is 
reated by the individual (not by asystem), and thus may only make sense to that individual (in the 
ontextof its use)� The organization and stru
ture of the information re
e
ts an individualunderstanding (knowledge) and use of the information, and may only bemeaningful to the individual in a given 
ontext known by the individualSome a
tivities are also spe
i�
 to personal information management, asmentioned in the previous se
tion. In information management a
tivities thepersonal information is the primary fo
us. The di�erent types of personal infor-mation identi�ed 
an be related to di�erent personal information managementa
tivities.



2.2. STUDIES OF PERSONAL INFORMATION MANAGEMENT 23Examples of personal information management a
tivities in
lude:� S
heduling, e.g. keeping appointments� Task management, e.g. keeping reminders of tasks to do� Communi
ation, e.g. using and managing e-mail messages (or instant mes-sages)� Conta
ts management, e.g. keeping addresses and phone numbers of 
on-ta
ts� Keeping referen
es, e.g. bookmarks to webpages or other information itemsof interestAs mentioned in the previous se
tion these information management a
tivitiesmay be a part of a
tivities at a higher level, thus serving the fun
tion of a
hievinga goal at a higher level. Therefore su
h a higher-level a
tivity may involve and
ombine several of the a
tivities mentioned above.A key issue in the management of personal information is how the informationis organized. The organization is essential to enable retrieval of the informationis to be easy and eÆ
ient. These issues have been identi�ed in studies of personalinformation management behavior.2.2 Studies of Personal Information ManagementA number of studies of personal information management have been 
arried outusing di�erent methodology. Typi
ally interviews and questionnaires have beenused [Mal83℄ [Col82℄ [BN95℄ [FFG96a℄ [Fre97℄, whi
h implies asking a set ofsubje
ts about their personal information management behaviors. Results fromsu
h studies of 
ourse have to take into a

ount, the un
ertainty in terms of thegap between what humans say they do and what they a
tually do. Methods alsoin
lude observations, surveys [Col82℄, analysis of individual information stru
-tures and use, that is, studies of personal information management of di�erenttypes of personal information in
luding, �les [BN95℄, e-mails [Ma
88℄ [WS96℄,



24 CHAPTER 2. PERSONAL INFORMATION MANAGEMENTbookmarks [ABC98℄, 
alendar [KC82℄. Finally analysis of logs from personalinformation management systems a
tually used by humans to perform personalinformation management tasks has been applied also [DCC+03℄.Some studies have fo
used on ar
hived information, that is, retrieval of infor-mation from an ar
hive system, but resear
h suggests that personal informationmanagement is a more 
omplex issue than ar
hived information. As su
h, thestudies are not 
omprehensive and do not thoroughly 
over all aspe
t of personalinformation management [WTN00℄. More resear
h is needed to establish a fur-ther and more detailed understanding of the 
omplexity and all aspe
ts involvedin personal information management.Nevertheless, a set of 
ommon aspe
ts of personal information managementbehavior has been identi�ed. This behavior of humans performing personal infor-mation management has been identi�ed a
ross di�erent domains of informationtypes, appli
ations, and use.Personal information management was done in the physi
al oÆ
e spa
e priorto the introdu
tion of 
omputer-based systems. Studies have been 
arried outboth in the traditional paper-based oÆ
e domain and in intera
tive systems thatsupport personal information management. Malone [Mal83℄ and Cole [Col82℄have reported �ndings of how people organize and use their personal informationin oÆ
e environments.Malone [Mal83℄ reported how people handled information and organized theirdesks in order to manage personal information and 
arry out daily work tasksfrom his 
lassi
al study of 10 oÆ
e users. It was based on interviews with pro-fessional and 
leri
al oÆ
e workers. Based on the survey Malone presents a setof suggestions and dire
tions for the design of intera
tive personal informationmanagement systems. The study also identi�es a set of requirements for intera
-tive personal information management systems. Cole [Col82℄ also studied humanaspe
ts of oÆ
e �ling. Based on stru
tured interviews with 30 subje
ts, resultssimilar to those of Malone were obtained. Cole also identi�ed some requirementsfor intera
tive systems.Similar studies have been 
ondu
ted in the intera
tive systems domain tostudy the pra
ti
es in ele
troni
 �ling using di�erent 
omputer operating sys-tems. The purpose was to �nd out how people handle and organize personal in-formation using intera
tive systems. Barreau and Nardi [BN95℄ did several stud-



2.3. INDIVIDUALITY 25ies of how people do personal information management using 
omputer desktopsystems. Subje
ts used di�erent systems; DOS, Windows, OS/2, and Ma
intosh,but a set of 
ommon �ndings were reported. They found similar work pra
ti
esamong users of di�erent 
omputer-based personal information management sys-tems. It is noti
eable that these studies report �ndings similar to the ones foundin the physi
al domain studies by Malone [Mal83℄ and Cole [Col82℄.Resear
h of personal information management has also in
luded studies indi�erent domains of use. First there is the set of studies of paper-based per-sonal information management [Mal83℄ [Col82℄ [KC82℄, and a set of studiesof use of di�erent types of personal information fa
ilitated by intera
tive per-sonal information management systems. The latter in
ludes studies of �le man-agement [BN95℄, e-mail management [Ma
88℄ [WS96℄, and bookmark manage-ment [ABC98℄ [JBD01℄. Some 
ommon �ndings have been reported from thesestudies of di�erent personal information management use in di�erent domains.In the following se
tions these 
ommon �ndings from multiple studies ofpersonal information management are dis
ussed.2.3 IndividualityAn important �nding is the high degree of individuality of personal informa-tion management needs, usage, style, strategies, and habits. These are highlyindividual and therefore widely varying.2.3.1 Needs and UsageHumans are fundamentally di�erent in their needs for personal information man-agement. One aspe
t is the amount of information managed by individuals,whi
h represents a wide spe
trum. Some keep very little information, and will�nd it to be eÆ
ient with no systems or tool as su
h, or simply a traditionalpaper-based 
alendar or notebook. Others use and keep extensive quantities ofpersonal information. For instan
e be
ause they send and re
eive a 
onsiderablenumber of e-mails and/or keep information from many distributed informationsour
es.



26 CHAPTER 2. PERSONAL INFORMATION MANAGEMENTThe study by Malone indi
ates that type of job may have some in
uen
eon the management behavior [Mal83℄. Other aspe
ts of individuality are whi
hinformation types are kept and used, how frequently, and in whi
h situationsindividuals manage and use personal information. This depends on aspe
ts su
has job type and individual approa
h to information management.Jones and Thomas report from a simple survey of 23 subje
ts from organiza-tions in the South West England [JT97℄. It was identi�ed that the most widelyused artifa
t was the "to-do" list, whi
h were used by 60% of the subje
ts. About50% of the subje
ts were using 
alendars and address books, and between 30 and40% were using po
ket diaries, desk diaries, and personal organizers. Only 9% ofthe subje
ts were using ele
troni
 organizers and personal information manage-ment software. Thus only a modest adoption of ele
troni
 personal informationmanagement te
hnologies was found. The subje
ts in the study who did em-ploy ele
troni
 tools typi
ally used a 
ombination of paper-based and ele
troni
tools for personal information management. However, these results are limitedin two ways. First, the sampling does not allow the results to be s
aled to awider population. Subje
ts were drawn via a

idental/opportunity sampling.Se
ond, the use of the World Wide Web, e-mail, and Personal Digital Assistantshas 
hanged 
onsiderably and be
ome widespread. This indi
ates in
reasing de-mand for ele
troni
 based personal information management, whi
h other studiesidenti�es [WS96℄ [ABC98℄ [JBD01℄. Nevertheless, the study does indi
ate thewide variety in personal information management needs and usage.2.3.2 Individual Style, Strategy, and HabitsAnother aspe
t of individuality is the style and strategy 
hosen by individualsto manage the personal information that is kept. As the information is personaland kept for personal use only it is to be retrieved by the individual only. Theindividual 
hooses a strategy that works from an individual perspe
tive and isper
eived by the individual as being eÆ
ient. This has impli
ations for the stylesof management and organization of the information 
hosen by individuals. Thestrategies used for keeping and managing the information is widely di�erent.Consequently humans develop and habituate individual strategies for themanagement of their personal information. There are di�erent behaviours and



2.3. INDIVIDUALITY 27styles, whi
h means that these strategies are highly individual. Examples ofpersonal information management strategies in
lude building piles of do
umentsin an oÆ
e environment, or 
reating and maintaining an extensive hierar
hi
al�ling stru
ture in an intera
tive information system. Su
h individual manage-ment strategies are suÆ
ient as the information is personal, and therefore is onlyretrieved by the individual. This means that the individual must make use ofhis own personal strategy or system in order to retrieve and re-use his personalinformation.In the study by Malone [Mal83℄ two general oÆ
e organization styles wereidenti�ed. Those styles are 
hara
terized as the "neat" oÆ
e and the "messy"oÆ
e. The neat oÆ
e is 
hara
terised by having only a few stru
tured piles(e. g. in- and out-basket), and the do
uments are organized by some systemati
s
heme. Also only small amounts of do
uments were observed on the desk.The messy oÆ
e is 
hara
terised by having more unstru
tured piles, and thedo
uments are not �led. Instead they are pla
ed into "loosely sta
ked" piles.The desks observed had many unorganised papers and do
uments on the desk.A similar distin
tion was identi�ed and reported in a study by Lansdale [Lan88℄.Also Ma
kay observed that some subje
ts were very organized while others werevery disorganized in a study of e-mail use [Ma
88℄.This division of management styles is 
oarse, and only provides a rough 
har-a
terization of individual behavior and style. However, it does indi
ate thatindividual di�eren
es in �ling style does play a role in the management of per-sonal information and illustrates the variety of individual approa
hes to personalinformation management. Individuals with the "neat" oÆ
e tended to use stan-dardized and rigid pro
edures, whereas others with the "messy" oÆ
e use infor-mal or ad ho
 rules of �ling. As su
h there is an important element of individualstyle to personal information management to 
onsider.A similar way of 
hara
tering these di�erent types of styles is the strat-egy used to keep and handle information. The individual organization styles
an also be 
hara
terized as "�ling" and "piling". Filers "�le" their informa-tion, whereas pilers "pile" their information, 
orresponding to the "neat" and"messy" oÆ
es. Cole [Col82℄ also reported that "�ling systems were not rigidlymaintained; rather organisation was idiosyn
rati
, dependent upon the demandsof the users and their motivations". This distin
tion is also mentioned by Jones



28 CHAPTER 2. PERSONAL INFORMATION MANAGEMENTand Thomas [JT97℄.Any individual strategy may be 
hara
terized anywhere in between these two
hara
teristi
 styles, for instan
e a mix of these approa
hes. These approa
hes
hara
terize the way humans deal with personal information and develop theirown information managing style and habits.The individual style and strategy for information storage was also identi�ed ina study of how subje
ts kept found information on the web [JBD01℄. This studyalso reported a great diversity in the methods used by individuals to organizeinformation for later use. The subje
ts were both 
exible and 
reative in terms ofdeveloping methods and strategies for information storage and in their pra
ti
esof information re-use.2.3.3 Challenges for Information Management SystemsAs personal information management is highly individual, this poses a set of
hallenges in the design of personal information management systems. Espe-
ially if the tools or systems aim to support every need, as the needs, behavior,styles, and habits varies 
onsiderably. The issue is the possible s
alability of aparti
ular approa
h in terms of information quantities, types, frequen
y of use,and situations of use. Some humans 
hoose to do 
lose to no personal informa-tion management, and thus hardly need a tool or system at all. Other segmentsof humans have a little to medium need for tools and systems as they only handlelimited amounts and types of personal information. Groups that have a mediumor large use of personal information management may need tools and systemsin order to handle the information in an eÆ
ient way. That is to allow easyretrieval and re-use of the information.The fo
us of this proje
t is on the latter groups, whi
h have a high demandfor personal information. This means, that they may have a need for intera
tivesystems in order to fa
ilitate and support the pro
esses involved in 
olle
tingand handling large quantities of personal information, whi
h is used as part oftheir everyday a
tivities.



2.4. REMINDING 292.4 RemindingAn interesting �nding is that reminding is a very important feature in personalinformation management. Subje
ts in the study by Malone [Mal83℄ left thingsin spe
i�
 lo
ations on the desk and tables reminding them of things to do.Malone 
on
ludes that it is important that 
omputer-based information systemsserve this reminding fun
tion as well, and that the information should appearautomati
ally without being requested. The physi
al lo
ation of do
uments itselfserved as the reminder of things to do why the subje
t did not have to takeexpli
it a
tion in order to be reminded. Therefore the reminding fun
tion inthe oÆ
e arrangement and information organization in the oÆ
e is an impli
itfun
tion, meaning that it does not have to be expli
itly invoked [Nie93a℄.Barreau and Nardi also identi�ed the importan
e of the reminding fun
tionin their studies [BN95℄ [FFG96a℄. Even if intera
tive systems do not dire
tlysupport the reminding feature, users of su
h systems simply 
reate ad ho
 meth-ods to remind themselves of task to do. For instan
e leaving i
ons in a parti
ularpla
es on the desktop served as the reminding fun
tion. Again a parti
ular lo
a-tion of a �le itself served as the reminder of things to do. The reminding featurethus be
omes an impli
it fun
tion similar to the approa
h used in the physi
alenvironment as found in the study by Malone. Barreau and Nardi point outhow the reminding feature is 
losely related to the fa
t that the subje
ts in theirstudy preferred lo
ation-based �nding. The personal information managementsystem must therefore allow the user to leave reminders in lo
ations where it willbe noti
ed, su
h as, on the desktop or in a spe
i�
 �le folder.The importan
e of reminding was also indi
ated in a study of the use ofbookmarks in webbrowsers [JBD01℄. It was observed how reminding was ob-tained by using di�erent ad ho
 strategies. For instan
e subje
ts in the studywould send and e-mail 
ontaining a bookmark to themselves in order to keep areminder to retrieve a given webpage at some point later in time. The standardbookmark feature in the webbrowers did not support the fun
tion of reminding.Thus the subje
ts had to use ad ho
 strategies to 
ope with the la
k of supportfor reminding as su
h in the system.Generally leaving e-mails in the inbox of e-mail systems also serves as re-minders. Even though e-mail systems are designed to support asyn
hronous
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ommuni
ation, studies have shown that humans 
reate 
oping strategies dueto the la
k of support in the system. The e-mail inbox is a pla
e (a lo
ation),whi
h is frequently visited and 
he
ked by the users and therefore may serve thefun
tion as a lo
ation to keep reminders [Ma
88℄ [WS96℄. This observation haslead to re
ent studies and resear
h of systems with user interfa
es, whi
h have atighter integration between e-mail and task management [BDHS03℄.Finally it should be noted that the distin
tion between �nding informationand being reminding about information might be un
lear. When �nding a pie
eof information that was intentionally looked for, it 
an be 
hara
terized as �nd-ing. However, if a person be
omes aware of a pie
e of information unintentionallywhile performing another task it 
an be 
hara
terized as reminding. For instan
einformation left on the desk or in piles reminds individuals without having torely on expli
it sear
hing [Mal83℄.2.5 Information Dis
overy, Storage, and RetrievalAs dis
ussed in Se
tion 2.3 personal information management is highly indi-vidual, and therefore individual strategies for managing information is 
hosen.Managing the personal information in
ludes the pro
esses of 
olle
ting, han-dling, and keeping the information. This involves some level of organization ofthe information depending on individual style and information use. However, de-veloping eÆ
ient strategies for organizing the information, whi
h enables eÆ
ientretrieval and re-use of the personal information are not trivial.Individual strategies and styles are used as identi�ed in the studies by Mal-one [Mal83℄, Cole [Col82℄, Ma
kay [Ma
88℄, Barreau and Nardi [BN95℄ and oth-ers. However also a set of 
ommon �ndings were identi�ed in their studies.Independently of the individual di�eren
es there is a set of 
ommon �ndingsfor unit of information stru
tures and the 
reation of information stru
tures forpersonal information.



2.5. INFORMATION DISCOVERY, STORAGE, AND RETRIEVAL 312.5.1 Information Dis
overyInformation management involves the pro
esses of storing and retrieving theinformation. However, the very �rst step is of 
ourse to obtain the informationthat potentially will be kept by the individual for future use. Only at thatpoint the information has be
ome personal information in terms of the de�nitionprovided in the beginning of this 
hapter. This initial step is referred to asinformation dis
overy.Information may be obtained or dis
overed by an individual in many di�er-ent ways or arrive through di�erent 
hannels. A few examples of informationdis
overy in
ludes:� An individual might get an idea that is 
onverted into a symboli
 repre-sentation, that is, information that represents the idea� Information found while intentionally sear
hing information� Information might be dis
overed unintentionally while performing anothertask� Fa
ts that are obtained� Information re
eived by the individual (through whatever medium or 
han-nel)This means information dis
overy may origin from multiple sour
es.On
e a pie
e of information has been dis
overed it is judged by individual
riteria whether it should be kept. The intention is that there is possible futurere-use of the information. Thus the information or a referen
e to the informationis kept. The overall purpose is to enable the individual to retrieve and re-use theinformation easily and eÆ
iently.2.5.2 Storage and RetrievalStoring the information or a referen
e to the information saves the individualfrom having to repeat going through the sequen
e of steps that was originally
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over the information. In some 
ases this sequen
e ofsteps might be long and tedious as it was diÆ
ult to dis
over the informationinitially. Whereas in other 
ases only few steps was ne
essary to dis
over theinformation. Even though information might be easily dis
overed, it may stillbe a diÆ
ult issue performing the storage of that information for later use. Forinstan
e re
eiving information is easy "information dis
overy", but storing theinformation for later use is still a non-trivial issue.The 
hallenges in information storage and retrieval systems is the diÆ
ultyof storing information in the systems, and the diÆ
ulty of retrieving the infor-mation from the system. The retrieval of information should obviously be lessdiÆ
ult than repeating the sequen
e of steps used to dis
over the informationoriginally [JBD01℄. Otherwise the storage-retrieval system serves no purpose atall.

received

otherwise
found

search
fact

idea storage

retrieval

information discovery information entity external representation

human

Figure 2.1: Illustration of the pro
esses of dis
overy, storage, and retrieval ofinformation.An information item is dis
overed, and then stored and retrievedfrom a system, whi
h 
ontain the personal information.



2.6. INFORMATION STRUCTURES 33Figure 2.1 illustrates the pro
esses of dis
overing, storing, and retrieving in-formation. The initial step is the information dis
overy, whi
h may originatefrom di�erent sour
es. The dis
overy of the information as su
h is less relevantfor personal information management. The information is not 
onsidered per-sonal until after the information dis
overy pro
ess has been performed and theindividual has de
ided to keep the information. Therefore personal informationmanagement in terms of the de�nition provided in the beginning of this 
hapteronly in
ludes the pro
esses illustrated after the information dis
overy pro
esshas taken pla
e.At that point the individual de
ides what to do with the information thatwas dis
overed. If it is de
ided that the information should be kept for later useit is stored in a system based on an individual strategy. Later it 
an be retrievedfrom the system by means of the individual strategy that was used to store theinformation.2.6 Information Stru
turesAs mentioned in Se
tion 2.3 the individual strategies 
hosen for managing andkeeping personal information varies. This also means that the level of formalityof information stru
tures varies 
onsiderably.For small volumes of information an ad ho
 �ling strategy might be suÆ
ientto enable possible later retrieval and re-use. Su
h ad ho
 strategy might be toput information in the nearby oÆ
e environment or a simple pile on the desk. Asthe number of information items in the pile is relatively small, it is fairly easy togo through the pile to retrieve the information needed. However, as the quantityof information in
reases, this approa
h be
omes less eÆ
ient. Larger volumes ofinformation mean that it must be organized using a more systemati
 approa
hin order to allow retrieval and re-use [Col82℄.In several di�erent studies of personal information management similar 
har-a
teristi
s of information management strategies and information stru
tures havebeen identi�ed. These studies in
lude [Mal83℄, [Col82℄, [BN95℄, [Lan86b℄, and[Lan88℄. This has been observed a
ross domains, both from studies of informa-tion management in oÆ
e environment, and by means of intera
tive information



34 CHAPTER 2. PERSONAL INFORMATION MANAGEMENTmanagement systems. The di�erent types of information stru
tures that hasbeen identi�ed in multiple studies of personal information management in
lude:� Unstru
tured information� Semi-stru
tured or informally stru
tured information� Formal information stru
turesHowever, these observations of di�eren
es in the formality of informationstru
tures 
an be attributed to di�erent aspe
ts of personal information man-agement.One aspe
t is the individual di�eren
es in the way individuals manage theirinformation. The strategies 
hosen by individuals vary. Another aspe
t is thedi�eren
es in information types and use. Not all personal information managedby an individual is handled the same way using one type of information stru
tureonly.2.6.1 Individual Di�eren
esFirst, individual di�eren
es in information management strategies 
ontributeto di�eren
es in the formality of information stru
tures. As dis
ussed in Se
-tion 2.3.2 a rough 
hara
terization of information management behavior is thosewho �le information and those who pile up information. This 
orresponds to theneat and messy oÆ
es 
hara
teristi
s identi�ed [Mal83℄.This implies that the personal style and strategy has an e�e
t on the wayinformation is stru
tured, that is, to whi
h extent the personal information isstru
tured. Some individuals prefer to keep information in semi-stru
tured pilesand retrieve information by sear
hing through those piles. Others prefer formallystru
tured information organization and retrieve information by means of theformal information stru
ture 
reated.2.6.2 Di�eren
es in Information Types and UseSe
ond, di�eren
es in information types and use also 
ontribute to di�erent in-formation stru
tures. This means that an individual might also use the whole
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trum of information stru
tures for di�erent subsets of the personal informa-tion.A subset of the information may be unstru
tured. Some information is kepton an ad-ho
 basis, using ad ho
 strategies for organizing the information. Forinstan
e just leaving it temporarily in the immediate environment. Su
h infor-mation is typi
ally not stru
tured, as the per
eived e�ort to do so would ex
eedthe value of keeping the information in a stru
tured way.Information may also have an informal stru
ture or be semi-stru
tured. Anexample of a strategy for keeping information this way is to keep information inpiles as mentioned previously. In the study by Malone [Mal83℄ it was identi�edthat piles have no systemati
 order, but their spatial lo
ation is often espe
iallyimportant. Even though piles may seem to have no information stru
ture at all,studies have identi�ed, that they might have an impli
it order. For instan
e thenewest information item may always be pla
ed on the top of the pile or at leastnear the top of the pile. The further down the pile the older the information itemsare. Therefore su
h piles have an impli
it temporal order. The piles themselvesare put in di�erent spatial lo
ations in the environment. Ea
h may serve di�erentpurposes and perhaps 
ontain di�erent 
ategories of information. This leads toa 
hara
terization of piles as having an informal information stru
ture.Finally, there are formal information stru
tures, whi
h are obtained by usinga system to manage and �le information. In that 
ase the information is ar
hivedusing a parti
ular �ling s
heme, so that information 
an be retrieved by meansof the s
heme in a systemati
 way. This is relevant for personal information,whi
h is kept for a longer time, whi
h will be dis
ussed in the following se
tions.The di�eren
es in information stru
tures imply that personal information 
analso be 
hara
terized by the extent in whi
h it is stru
tured.2.7 Classes of InformationIn the study by Malone [Mal83℄ it was also observed that the frequen
y of useof personal information is varied. He distinguishes between information that isused frequently that must be easily a

essible, and information that is ar
hi-ved for later retrieval. The latter is asso
iated with the problems of properly
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ategorizing the information so that the retrieval is eÆ
ient. Mal-one distinguishes between three di�erent 
lasses of information identi�ed in �leorganization and use of paper do
uments in oÆ
es:� Frequently used { a
tive information� Reminding { things to do in the near future� Ar
hived information { ar
hived for later retrievalA similar 
lassi�
ation of information 
hara
teristi
s was identi�ed in otherstudies. Cole [Col82℄ des
ribes information 
hara
teristi
s using three 
ategories.Also in the studies of users performing �le organization using di�erent desktopsystems 
arried out by Barreau and Nardi [BN95℄ information 
hara
teristi
s isdes
ribed using similar three 
ategories.As mentioned in Se
tion 2.4 these studies have also identi�ed the importan
eof reminding. The information 
an be 
hara
terized using the following three
ategories.� Ephemeral (a
tion information) { short life information� Working (personal work �les) { frequently used information� Ar
hived (long term storage) { infrequently used informationIn terms of personal information management these 
ategories represent dif-ferent levels of intera
tion, that is, handling and use of the information. Alsothe di�erent types of information are 
hara
terized by the frequen
y of use andlifetime of the information.The studies by Malone, Barreau and Nardi are mainly based on interviewsand demonstration of personal information management pra
ti
es. Thus inter-viewees provide a des
ription of their personal information management pra
-ti
es in retrospe
t. As su
h the studies are not a
tual observations of use andbehavior. The subje
ts des
ribe their per
eived behavior. There might be a dif-feren
e between what they do and what the a
tually do, but it is un
lear whetherthe di�eren
e is signi�
ant for the results. However, as des
ribed above variousstudies have found similar 
lassi�
ations to be suitable for des
ribing informationhandling and use.



2.7. CLASSES OF INFORMATION 372.7.1 Ephemeral InformationEphemeral information is also referred to as "a
tion information". Informationthat is used at this level of intera
tion is 
hara
terized by a short lifetime. Thismeans the information is used or going to be used in the near future. When theinformation has been used it may not be needed for future use and might beerased. Su
h information may in
lude do
uments, lists, e-mail messages, notes,or to do items. For instan
e an e-mail may be re
eived and only kept for alimited time and used in the near future. As it may not be needed for furtherreferen
e it is not kept, but deleted immediately after its use.In the study by Cole [Col82℄ this type of information was identi�ed as beingimmediately a

essible in the nearby environment. For instan
e it might belo
ated in in-trays, on the desk, the 
oor, or in piles.The a

essibility of ephemeral information is gained by keeping the informa-tion nearby in an ad ho
 manner. No or very little systemati
 organization ofthe information is performed. This means that ephemeral information is onlyeÆ
iently used if the quantity of information is limited. A small quantity ofephemeral information allows it to be lo
ated based on remembering the infor-mation or the lo
ation, or simply by its presen
e in the nearby environment.Larger quantities of su
h unorganized information mean that information itemsmay have to be manually sear
hed for, whi
h leads to less eÆ
ient use of su
hinformation.Barreau and Nardi [BN95℄ observe that the "
entral problem of organizingephemeral information 
on
erns where and how to �le information that is neededfor only a short time". In their study of �le organization using desktop systemsit was found that the subje
ts did not have good ways of dealing with ephemeralinformation. For instan
e it was kept in top-level dire
tories, or simply left onthe desktop. "With limitations on the amount of information that 
an be viewedon the s
reen at one time, managing large quantities of ephemeral information
an be problemati
." [BN95℄. In the study quantities of ephemeral information isreported as a parti
ular 
on
ern. Files are 
reated for temporary use, but it wasreported how they stayed in the system longer than intended. This means thatthe information ends up having a longer lifetime and therefore be
omes some-thing in between ephemeral and working information. "The problems of �ling



38 CHAPTER 2. PERSONAL INFORMATION MANAGEMENTthis information were intensi�ed be
ause the information outlasted the normalshelf life of ephemeral information" [BN95℄. When quantities of ephemeral infor-mation in
reases it leads to problems as the information is typi
ally kept in anunstru
tured way. Espe
ially the support of ephemeral information in intera
tivesystems is an area for further resear
h.2.7.2 Working InformationEphemeral information is also referred to as "a
tion information". Informationthat is used at this level of intera
tion is 
hara
terized by a short lifetime. Thismeans the information is used or going to be used in the near future. When theinformation has been used it may not be needed for future use and might beerased. Su
h information may in
lude do
uments, lists, e-mail messages, notes,or to do items. For instan
e an e-mail may be re
eived and only kept for alimited time and used in the near future. As it may not be needed for furtherreferen
e it is not kept, but deleted immediately after its use.In the study by Cole [Col82℄ this type of information was identi�ed as beingimmediately a

essible in the nearby environment. For instan
e it might belo
ated in in-trays, on the desk, the 
oor, or in piles.The a

essibility of ephemeral information is gained by keeping the informa-tion nearby in an ad ho
 manner. No or very little systemati
 organization ofthe information is performed. This means that ephemeral information is onlyeÆ
iently used if the quantity of information is limited. A small quantity ofephemeral information allows it to be lo
ated based on remembering the infor-mation or the lo
ation, or simply by its presen
e in the nearby environment.Larger quantities of su
h unorganized information mean that information itemsmay have to be manually sear
hed for, whi
h leads to less eÆ
ient use of su
hinformation.Barreau and Nardi [BN95℄ observe that the "
entral problem of organizingephemeral information 
on
erns where and how to �le information that is neededfor only a short time". In their study of �le organization using desktop systemsit was found that the subje
ts did not have good ways of dealing with ephemeralinformation. For instan
e it was kept in top-level dire
tories, or simply left onthe desktop. "With limitations on the amount of information that 
an be viewed
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reen at one time, managing large quantities of ephemeral information
an be problemati
." [BN95℄. In the study quantities of ephemeral information isreported as a parti
ular 
on
ern. Files are 
reated for temporary use, but it wasreported how they stayed in the system longer than intended. This means thatthe information ends up having a longer lifetime and therefore be
omes some-thing in between ephemeral and working information. "The problems of �lingthis information were intensi�ed be
ause the information outlasted the normalshelf life of ephemeral information" [BN95℄. When quantities of ephemeral infor-mation in
reases it leads to problems as the information is typi
ally kept in anunstru
tured way. Espe
ially the support of ephemeral information in intera
tivesystems is an area for further resear
h.2.7.3 Ar
hived InformationAr
hived information is information that is not dire
tly used as part of ongoinga
tivities or work tasks. It is stored and organized for later retrieval and thereforeit is less frequently to infrequently used information. Cole [Col82℄ reports thatin the oÆ
e environment the information is typi
ally stored away from the oÆ
eas the information is of no dire
t relevan
e to ongoing work. In the study byBarreau and Nardi [BN95℄ the life span of ar
hived information was typi
allymore than a month. Again this is highly task-dependant, and may for instan
edepend on the lifespan of a proje
t. Ar
hived information identi�ed in the studyin
luded 
ompleted work, reports, and proje
ts.The subje
ts reported some problems with ar
hived information. One ofthe problems is whi
h �les to a
tually ar
hive in the system and whi
h notto ar
hive. For instan
e after �nishing a proje
t. It needs to be assessed whi
hinformation may be needed later. One option is to store all information related toa proje
t and thereby not having to 
onsider what information to keep and whatinformation to dis
ard. However, there are several problems with this approa
h.Storing all the information may be a very time 
onsuming and diÆ
ult task initself. As not all information may be needed in the future it is 
onsidered to benot worth the e�ort to store all information. Another issue is that it is per
eivedas more diÆ
ult to retrieve the relevant information among the entire volume ofinformation rather than among a 
hosen subset of the information.



40 CHAPTER 2. PERSONAL INFORMATION MANAGEMENT2.8 Information OrganizationThe purpose of information organization is to allow easy and eÆ
ient retrievaland re-use of the information. The pro
esses involve storing information in asuitable information stru
ture and later retrieving information from that infor-mation stru
ture. The previous se
tion dis
ussed how di�erent types of infor-mation might be organized with di�erent levels of formality. Also it has beendis
ussed how individual style and strategy may have an impa
t on the wayinformation is organized.This se
tion further dis
usses information organization. The dis
ussion in-
ludes issues, whi
h by humans are per
eived as barriers to eÆ
ient informationorganization. Both informal and formal organization of information may 
ausediÆ
ulties for humans.2.8.1 Units of OrganizationFirst an organization of information 
an be 
hara
terized as the informationbeing divided into di�erent units. These units of information 
an be organized inan information stru
ture, whi
h is more or less formally stru
tured as mentionedin Se
tion 2.7. Independently of information stru
tures these are the unit-of-workidenti�ed and used by individuals for the organized of information.Elements Elements Groups Groupstitled ordered titled orderedFiles Yes Yes ? ?2) maybePiles ? No No ?1) noTable 2.1: Identi�
ation of units of work in desk organization as found by Mal-one [Mal83℄1) Piles are typi
ally not expli
itly titled, but di�erent piles may have overalltopi
s, 2) Groups of �les may have a title depending on system



2.8. INFORMATION ORGANIZATION 41The units of organization may represent di�erent granularity of the infor-mation. In the study by Malone [Mal83℄ the units of organization in the oÆ
eenvironment was identi�ed as �les and piles. Table 2.1 shows these units of or-ganization with their di�erent 
hara
teristi
s. Files are 
hara
terized by havinginformation elements that have an expli
it title, and the information elements areorganized in a systemati
 order. Groups 
ontain a set of information elements,whi
h might or might not have a title and order. Piles are 
hara
terized byinformation elements, whi
h typi
ally do not have an expli
it order. However, insome 
ases piles might have an impli
it reverse temporal order. Information ele-ments might or might not have titles. Piles are typi
ally not divided into groups,as a pile itself simply represents one group with not expli
it order. Individualsmight have several piles, but typi
ally not expli
itly titled.Files and dire
tories where the organization units used by subje
ts in thestudy of organization of ele
troni
 �les by Barreau and Nardi [BN95℄. However,these were units made available to the users by the �le systems used for organizingtheir personal information. Similarly both �les and dire
tories are 
hara
terizedby expli
it titles and a systemati
 order. Whereas piles as su
h were not dire
tlysupported by the systems used in the study. Instead Barreau and Nardi observedhow subje
ts used di�erent 
oping strategies to keep information in "piles" inthe system used.2.8.2 Classi�
ation of InformationThe me
hanism for a more formal organization of information in
ludes 
reatinga 
lassi�
ation s
heme, 
lassifying the information using the s
heme and �nallythe pro
ess of retrieving the information based on the 
lassi�
ation s
heme. Theinformation is personal and also the information stru
tures and 
lassi�
ation ofthe information is thus personal in the sense that the individual 
reates it. Thismeans that the approa
h and strategies are 
hosen by the individual in order to
lassify the personal information used as part of everyday a
tivities.Kwasnik [Kwa89℄ studied 
lassi�
ation of information in the oÆ
e environ-ment. It was found in the study, that the 
lassi�
ation 
hosen by subje
ts wereperson- and situation-
entered, rather than being obje
t oriented. That meansthat information obje
ts were primarily des
ribed in terms of their use and the
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ontext and relations in whi
h the information is used, rather than an isolateddes
ription of the information itself.Several di�erent dimensions along whi
h information was 
lassi�ed were iden-ti�ed in the study. Examples of dimensions of 
lassi�
ations in
lude: lo
ation(spatial property), form (semanti
 property), time (temporal property), and use(semanti
 property). Kwasnik reports that use was the most frequently used
lassi�
ation for information in the study. Other situation-oriented attributesin
lude sour
e, 
ir
umstan
e, and a

ess. Do
ument spe
i�
 attributes in
ludeauthor, topi
, and form. Another example of information 
lassi�
ation dimen-sions is purpose, urgen
y, and importan
e. For reminders dimensions su
h asurgen
y and importan
e are relevant, see Se
tion 2.4.The �ndings by Kwasnik illustrate di�erent dimensions of 
lassi�
ation thatmay be used by individuals. This involves 
ategorization of the information bymeans of the attributes used to des
ribe it. This means that the individual hasto 
reate a stru
ture by whi
h the information is organized. However, using ahierar
hy to keep information requires human to do something, whi
h have beenfound uneasy for humans to do well. It has been reported in several studies ofpersonal information management that 
lassi�
ation of information in terms ofan elaborate hierar
hi
al information stru
ture is problemati
.In the study by Cole [Col82℄ it was observed that developing elaborate �lings
hemes was a problem for subje
ts. It was observed that often humans simplyabandon 
omplex �ling s
hemes at some point. Cole reported that there "is ageneral la
k of motivation towards upkeep of elaborate �ling systems { in fa
t,the less time spent �ling the better". In some 
ases subje
ts reported to haveused elaborate �ling systems initially. These in
lude 
olor-
oding of informationand extensive hierar
hi
al 
lassi�
ation with many sub
ategories. However, atsome point the subje
ts reported to have simply given up on su
h an elaborate�ling system for di�erent reasons. "This results in �ling systems with all mannerof idiosyn
ra
ies" [Col82℄.In the studies by Malone [Mal83℄ 
lassifying information was also identi�edas diÆ
ult and 
ausing the subje
ts diÆ
ulties during everyday organization ofthe oÆ
e desk. Some of the issues in
lude the "
ognitive diÆ
ulty of 
reatingappropriate 
ategories and de
iding how to 
lassify information in a way that willbe easily retrievable" [Mal83℄. Also the "me
hani
al diÆ
ulty of 
reating labeled



2.8. INFORMATION ORGANIZATION 43�le folders, binders and so forth, espe
ially if multiple levels of 
lassi�
ationare desired" [Mal83℄ is reported as everyday 
lassi�
ation problems. For someinformation a hierar
hi
al information stru
ture may simply be seen as beingtoo rigid and diÆ
ult for �ling of the information. In some 
ases a hierar
hymay not be the natural way for individuals to organize parts of their personalinformation.As a 
onsequen
e the subje
ts in the study did not ne
essarily 
ategorizeinformation but rather they used untitled piles of do
uments arranged by physi
allo
ation. It was found in the study that a

essing information on the basis ofthe spatial lo
ation instead of a logi
al 
lassi�
ation s
heme was important. Theorganization into untitled piles served impli
itly as a temporal organization aswell. The further down the pile the further ba
k in time the information waslo
ated. For instan
e the temporal aspe
t were used when subje
ts were askedto �nd spe
i�
 information among the piles in the oÆ
e. The subje
ts try tore
olle
t when they used the information using the impli
it temporal order.Barreau and Nardi [BN95℄ also observed that subje
ts refrained from keepingelaborate �ling systems. It seemed that subje
ts wanted to spend as little time�ling as possible. The 
reation of an eÆ
ient ar
hiving s
heme was reportedas being very diÆ
ult, and subje
ts reported that it was not worth the e�ort,sin
e it required too mu
h time and e�ort 
ompared to the value of the a
tualinformation. "Every user in the study indi
ated that their attempts to establishelaborate �ling s
hemes for ar
hived information failed be
ause they proved torequire more time and e�ort than the information was worth" [BN95℄.The diÆ
ulties of 
lassifying information in itself also lead subje
ts to defer
lassi�
ation and ar
hiving of the information. Instead information is left on thedesk and in various piles in the oÆ
e, as mentioned in Se
tion 2.3.2.2.8.3 Storage-Retrieval DilemmaAs mentioned above organizing information is fundamentally about informationstorage and retrieval. This means storing the information in an informationstru
ture so that it 
an be easily and eÆ
iently retrieved and re-used later.Although this seems trivial studies of personal information management haveshown that storing and retrieving information is problemati
 as mentioned in
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tion.As mentioned above, in some studies subje
ts report that they are relu
tantto keep extensive �ling s
hemes. That is elaborate hierarhi
al stru
tures withmany levels and sub
ategories of 
ategorization. People who have used su
hs
hemes report that they skip them after a while. It is per
eived as not beingworth the e�ort to keep su
h extensive s
hemes [Col82℄.
Retrieval

Storage
easy

easy

difficult

difficult

Figure 2.2: The retrieval diÆ
ulty as a fun
tion of the storage diÆ
ultyThe shape of the 
urve is arbitrarily 
hosen and serves only the purpose ofillustrating the relationship between storing and retrieving information asper
eived by subje
ts in studies of personal information managementFigure 2.2 illustrates the per
eived relation between storing and retrievinginformation in personal information management as reported from studies ofpersonal information management. For instan
e humans take little storage ef-fort if they leave information in unstru
tured or semi-stru
tured piles. But somee�ort might be needed when retrieving information from piles, due to their semi-stru
tured nature. Retrieval in terms of manually sear
hing through piles mightbe quite diÆ
ult and time-
onsuming. On the other hand systemati
ally orga-nizing information by means of an elaborate information hierar
hy might require



2.8. INFORMATION ORGANIZATION 45some e�ort and 
an be per
eived as diÆ
ult and time-
onsuming. But then itmight enable easy and eÆ
ient retrieval of information from the informationstru
ture.The dilemma is that the more diÆ
ult it is to store the information the eas-ier it will be to retrieve it again. On the other hand if little e�ort is spentstoring information it may be diÆ
ult to retrieve the information later. Studieshave indi
ated that humans want to spend as little time as possible �ling in-formation [Col82℄. Thus the per
eived optimum seems to be to spend as littlee�ort as possible �ling information, but at the same time be able to retrieve theinformation eÆ
iently.The piling strategy seems to be a rea
tion to this per
eived pattern of in-formation storing and retrieval. Humans develop individual strategies, whi
hseems to enable them to rea
h a per
eived optimum between the time and e�ortspent storing and retrieving information. It might turn out not to be an a
tualoptimum, but that is diÆ
ult to predi
t, sin
e it may be un
ertain whether apie
e of information is going to be used later at all. In that 
ase it does not seemworth the e�ort to spend time storing the information item for easy retrievalat some point later in time. The time seems to be wasted if the informationitem is never used again. On the other hand if the information should be usedlater, subje
ts have to 
ope with spending more time and e�ort retrieving theinformation, sin
e little time and e�ort was spend storing it [Lan88℄.



46 CHAPTER 2. PERSONAL INFORMATION MANAGEMENT2.9 Information Organization DiÆ
ultiesAs seen in the previous subse
tions it been observed in several studies of personalinformation management, that information organization and 
lassi�
ation is dif-�
ult. Se
tion 2.8 dis
ussed the problems of 
lassi�
ation of information as su
h.However, there are a number of other reasons why humans per
eive informationorganization as a diÆ
ult and sometimes time-
onsuming task. Some of thesereasons in
lude:� Di�erent 
lasses of information is handled di�erently and needs di�erentinformation organization� The understanding of the domain to whi
h the information belongs has animpa
t on the ease of information organization� Information use and situations of use 
hanges over time, whi
h might 
auseinformation stru
tures to evolve over time� Multiple information stru
tures may be relevant for the informationThe following subse
tions dis
uss the di�erent aspe
ts of information organi-zation diÆ
ulties.2.9.1 DiÆ
ulties with Di�erent Classes of InformationBarreau and Nardi [BN95℄ have some interesting re
e
tions about resear
h donein the �eld of information management. Often this type of resear
h has as-sumed that people have a signi�
ant need for ar
hived information, and variouste
hniques for supporting ar
hived information has been resear
hed. Without adoubt some jobs require people to keep large quantities of ar
hived information,but some jobs do not. In their studies that was true for the managers, ad-ministrative assistants, and graphi
s artists that were among the test subje
ts.However, the studies of personal information management show that people keeponly little ar
hived information, while the quantity of ephemeral and working in-formation is where the primary support is needed. Tools that support ephemeralinformation have re
eived less attention in resear
h and design. Espe
ially the



2.9. INFORMATION ORGANIZATION DIFFICULTIES 47quantity of ephemeral information was reported to be a problem in the studydone by Barreau. New do
uments and �les are 
reated on the 
y for temporaryuse, but ends up 
luttering the user workspa
e. As su
h this type of informationtends to have a longer life span than ephemeral information, but without being
onsidered working information.2.9.2 Domain UnderstandingAnother issue that has impli
ations for the su

ess of organization of informa-tion is the level of knowledge and understanding of the domain to whi
h theinformation belongs. If there is a fairly good domain understanding �ling of in-formation 
an be of little diÆ
ulty for humans. For instan
e an expert within agiven domain has a good understanding of the various topi
s within that domain.This in
ludes an understanding of the stru
tures and relations among informa-tion on the topi
s. Therefore the expert might already have a mental stru
tureof the domain, whi
h 
an be mapped onto an information stru
ture 
reated inan information system. This makes the pro
ess of performing organization ofinformation within a given domain easier for a domain expert 
ompared to anovi
e.A novi
e of a given domain has to develop some level of understanding ofthe domain initially. Organizing information before the topi
 is well known isdiÆ
ult. Until some level of understanding has been developed it might be fairlydiÆ
ult to perform any organization of information within the domain. Thestru
tures and relations among the information are not well understood by thenovi
e. Primarily it is diÆ
ult to organize information that is not well under-stood, but diÆ
ulties 
an also be 
aused by the potential use of the informationbeing un
lear initially.At least the initial organization of information might lead to informationstru
tures that have to be 
hanged later as the understanding of the informationdevelops. Premature organization or 
ategorization of information may 
ausetroubles. When the topi
s are not well known it is diÆ
ult to 
reate a suitableinformation stru
ture and organize the information within that. This meansthat initially information may be organized in an unsuitable way, and prematureorganization of the information may potentially lead to extra e�ort in terms of



48 CHAPTER 2. PERSONAL INFORMATION MANAGEMENTsubstantial reorganization of the information.In
rementally the knowledge and understanding of the domain will developand therefore the 
apabilities to perform an eÆ
ient organization of the infor-mation. As the topi
 be
omes better known over time the information stru
tureis likely to evolve as the understanding and knowledge of the topi
 expands.This means that there might be a need for less formally stru
tured way of or-ganizing the information initially [Mal83℄. Otherwise it may lead to substantialreorganizations of the information later, and thus a lot of extra organizatione�ort.2.9.3 Evolvable Information Stru
turesPersonal information is used over time and as part of di�erent daily a
tivities.Therefore 
ontext in whi
h the information is used might 
hange over the lifetimeof the information. At some point the information may no longer have anyrelevan
e to the a
tivities 
arried out. This means that the use of the informationmay 
hange over time. Therefore the stru
ture of the information might alsoevolve over time. This poses a set of 
hallenges for the 
reation of informationstru
tures and 
lassi�
ation of the information.The reasons for information stru
tures to 
hange over time in
lude:� As mentioned above the domain knowledge have an in
uen
e of the easyof whi
h information may be �led. It might be be
ause the domain knowl-edge and understanding develops over time, as a topi
 is better understood.Over time humans be
omes more knowledgeable of the information in ques-tion. The understanding of the domain expands and the understanding ofthe relations among the information be
omes better. This may 
ause thehuman to develop an understanding of the information that has impli
a-tions for the way the information is organized and stru
tured.� It might be be
ause the information use 
hanges over time. The infor-mation may be used in di�erent 
ontexts and situations of use than wasoriginally intended. This means that the stru
tures and �ling of the infor-mation may evolve over time as the information gains relevan
e in thosedi�erent situations of use.
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e of the information may also 
hange over time, meaning thatsome of the �led information is more frequently used than other informa-tion. This may have an impa
t on information stru
ture as well. Informa-tion that is frequently used may 
hange organization so that it is easier toa

ess, whereas information that is never used might be dis
arded.The fa
t that information stru
tures are not ne
essarily stati
 over time posesadditional 
hallenges for systems to support and fa
ilitate personal informationmanagement. There are multiple indi
ations the relevan
e for evolvable infor-mation stru
tures for the reasons mentioned above.2.9.4 Multiple Stru
turesOne possible impli
ation is that multiple ways of organizing the same informationmay be relevant [Boa01℄, as mentioned above. This might be relevant as the
ontext in whi
h the information is used 
hanges over time. The informationmay be used as part of di�erent tasks, why it might naturally belong in multiple
ategories.Malone [Mal83℄ also mentions multiple 
lassi�
ations as important for han-dling information in his study. "Simply allowing the same do
ument to be eas-ily put in several 
ategories is one way 
omputers 
an simplify 
lassi�
ation".Lansdale [Lan88℄ also provides arguments for providing multiple keywords in in-formation organization in order to allow multiple 
ategorizations of information.This also addresses the fundamental problem of 
ategorization of information.By allowing multiple 
ategorization humans avoid having to de
ide under whi
hof two or more 
ategories to �le information.Another possibility is to defer 
lassi�
ation to later. When initially usinga pie
e of information it 
an be diÆ
ult to 
lassify the information. Thereforesystems 
ould support some way of deferring the 
lassi�
ation of the informa-tion until 
lassi�
ation of the information is possible. In the oÆ
e environmentpiles has been identi�ed as a way to refrain from initial 
lassi�
ation of infor-mation [Mal83℄. However, the dilemma is that the piling strategy may be
ome
ounter-e�e
tive espe
ially for large quantities of piled information [Lan88℄. Assu
h the piling strategy 
an be seen as not ne
essarily representing a human need,
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ompensate for the diÆ
ulties of organizing informationin terms of formally 
lassifying it.2.10 SummaryThis 
hapter has presented the basi
s of personal information management. Thisin
luded a des
ription of the various aspe
ts of personal information manage-ment, whi
h 
ontribute to its 
omplexity.From a number of studies of personal information management in di�erent do-mains and using both paper-based and intera
tive systems a set of issues relevantfor personal information management has been identi�ed. Similar prin
iples forhuman personal information management have been found whether the informa-tion is kept in a paper-based system or in an intera
tive system [Mal83℄ [BN95℄.There is a diversity of information types and a
tivities involved in the pro-
esses of personal information management. Individuals manage personal infor-mation using their own personal style using individual strategies for storing andretrieving information. This in
ludes unstru
tured, semi-stru
tured, and for-mally stru
tured organization of information. The information and informationstru
tures are not stati
, but the information stru
tures and the use of informa-tion may evolve over time. Some people refrain from elaborate �ling strategies,as the e�ort to keep an elaborate �ling strategy does not seem to be worth the ef-fort. Reminding is a very important aspe
t of personal information management.Personal information management has di�erent levels of intera
tion, in
ludingephemeral, working, and ar
hived information. These di�erent types of informa-tion are typi
ally organized in di�erent ways and have di�erent frequen
ies ofuse.



2.10. SUMMARY 51The personal information management issues 
an be summarized as follows:� Diversity of information and information types� Diversity of a
tivities� Information is related a
ross a
tivities� Highly individual style and personal information management behavior.This in
ludes and di�erent levels of use, and di�erent strategies in handlingthe information. For instan
e �ling and piling strategies� Information stru
tures and organization varies{ Stru
turing of information varies from unstru
tured information, loo-sely or semi-stru
tured information, and formally stru
tured informa-tion{ Classifying information and 
reating a �ling s
heme is a diÆ
ult task.It has been observed in studies that often people give up on elaborate�ling s
hemes{ Storage and retrieval of information is per
eived as a dilemma. Peoplewant to spend as little time storing and retrieving information, andwant both to be eÆ
ient{ Information stru
tures and information use are not stati
, but evolvesover time� Reminding is an important aspe
t of personal information management,that is, the ability of being reminded of tasks to do in the future, withoutintentionally sear
hing for that information



52 CHAPTER 2. PERSONAL INFORMATION MANAGEMENT� Di�erent levels of intera
tion with personal information has been identi-�ed [Col82℄ [Mal83℄ [BN95℄. This means information is typi
ally handledand stru
tured in di�erent ways:{ Ephemeral information { is "a
tion information". This means that itis 
hara
terized by a short lifetime and it is used in the near future.{ Working information { is that is part of ongoing a
tivities, su
h as on-going work a
tivities. It is frequently used information that is lo
atedin the immediate physi
al or virtual environment.{ Ar
hived information { is information that is not part of ongoinga
tivities and has been �led away for possible future referen
e anduse. It enables going ba
k and retrieving information for instan
efrom prior a
tivities. It is the least frequently used information.� Frequen
y of use of the various 
lasses of information varies widelyThe issues mentioned above map out the 
omplexity of personal informationmanagement. These issues must be taken into 
onsideration when designingsystems, whi
h aim to support and fa
ilitate personal information management.Handling and Use Frequen
y LifetimeorganizationEphemeral Unstru
tured Immediately On
e or ShortSemi-stru
tured few times (near future)Working Semi-stru
tured A
tive tasks Frequent MediumStru
tured (days to weeks)Ar
hived Stru
tured Later use Infrequent Long(not a
tive) (months+)Table 2.2: Overview of di�erent information 
lasses and a 
hara
terization oftheir propertiesTable 2.2 provides an overview of the di�erent information 
lasses and therelations to observed di�eren
es in the way personal information is handled,



2.10. SUMMARY 53organized, and used. Also there is a di�eren
e in frequen
y of use and thelifetime of the information. The indi
ations of lifetime are provided as examples.As the personal information types, stru
tures, and use varies widely, sup-porting and fa
ilitating personal information management is not ne
essarily doneeÆ
iently by a single organization style. For instan
e hierar
hi
al stru
tured sys-tems will support ar
hived formally stru
tured information, but does not supportunstru
tured or semi-stru
tured information well.The following 
hapter dis
usses human aspe
ts of personal information man-agement. This in
ludes 
ognitive aspe
ts, su
h as memory, re
ognition and re
all.These issues are also relevant to 
onsider in personal information managementsystems.





Chapter 3Human IssuesThis 
hapter dis
usses human issues, that is, human 
ognitive 
apabilities. Thefo
us is on issues relevant to personal information management. That is memory,dimensions of memory, re
olle
tion, re
all, and re
ognition. The intention is toemphasize 
ognitive issues, whi
h are relevant to 
onsider in terms of supportingpersonal information management in intera
tive systems. This means an em-phasis on human issues in relation to tools, whi
h support personal informationmanagement.Although humans may improve their skills by learning and pra
ti
e, somefundamental limits of human 
ognitive 
apabilities exist. Su
h fundamental 
og-nitive 
apabilities in
lude short-term and long-term memory and re
olle
tionskills. Thus tools designed to fa
ilitate personal information management musttake su
h human 
apabilities and 
ognitive issues into 
onsideration.3.1 MemoryIn terms of personal information management human memory is the most im-portant 
ognitive 
apability. Memory is relevant at di�erent levels and bothshort-term and long-term memory is relevant to 
onsider.Short-term memory serves as a way of temporary keeping information. Ithas very limited 
apa
ity and short life time [Mil56℄. Due to the short life time55



56 CHAPTER 3. HUMAN ISSUEStasks dependant of information held in short-term memory must have limitedduration. Chunking information may in
rease the short-term memory a little,e.g. remembering a phone number is possible, but a similar big number may bediÆ
ult.On the other hand long-term memory holds information for long periods oftime and has mu
h higher 
apa
ity. Long-term memory manifests itself in termsof human 
apability of re
alling and re
ognizing information. However, retrievalfrom human memory is not addressed by lo
ation as is physi
al �ling systems.Rather information is addressed by meaning, that is, the information stored is
ontent-addressable or asso
iative [Lan88℄, whi
h means that information maybe re
alled based on di�erent elements of the information or asso
iations. Forinstan
e humans remember only the substantial parts of events and not thedetails. In general human memory supports the re
olle
tion of the the meaningnot the exa
t details. Also using mnemoni
s has good utilization of memory
apabilities. The re
ognition 
apabilities indi
ate that human memory storemore information about events than we are able to immediately re
all [Lan88℄.This means that humans may not be able to re
all an entire do
ument frommemory, but remember the topi
 of the do
ument, when it was written, andmaybe some spe
i�
 information available in the do
ument. This memory 
har-a
teristi
 is an essential reason for the usage of various tools to fa
ilitate thepro
esses of keeping and managing personal information. The limitations of hu-man memory 
ause the need for an external representation and repository in oneform or another of even small amounts of personal information, whi
h 
an beused on the basis of human memory.In personal information management the human ability to re
all informationfrommemory is therefore highly relevant. Estimates of human long-term memoryinformation 
apa
ity have been done [Lan86a℄. However, in terms of personalinformation management the 
apa
ity as su
h is not the primary issue, but ratherthe ability and the way in whi
h re
all and re
ognition of information takespla
e. This has impli
ations for fa
ilitating the pro
esses of personal informationmanagement.



3.1. MEMORY 573.1.1 Known Information and Re
allAs mentioned in Se
tion 2.5.2 the purpose of keeping information may be toavoid remembering and repeating a sequen
e of steps required to obtain theinformation again. Su
h a sequen
e of steps might be long and tedious. Thereforeit might be diÆ
ult to keep the sequen
e in memory and re
all it a

urately forthe purpose of later retrieval of the information. Human memory makes su
h astrategy for keeping information ineÆ
ient and unreliable. Instead an approa
his the storage of information in some external representation from whi
h theinformation 
an be retrieved later.As mentioned in the previous 
hapter personal information is informationthat is handled and kept by an individual with the purpose of enabling su
hfuture use of the information. As the information has been handled by theindividual and �led by means of individual strategies, it means that the abilityto use it later rely 
onsiderable on the ability to remember about the informationand the strategy used to �le it. Thereby re
alling the original sequen
e of steps toretrieve the information is avoided. This 
hara
terization of personal informationallows personal information to be 
onsidered known information.The information has some kind of external representation, and the informa-tion may be organized by means of an information s
heme. However, indepen-dently of the external representation and the s
heme used for possible organi-zation of the information the re
all of information depends on human memory.The individual may have at least partial memory of the information and may beable to re
olle
t something from memory about the information. As mentionedabove the human memory of the information is 
hara
terized by being asso
ia-tive. This means that retrieval of information from an external representationrely on the ability to re
all elements of the information or the meaning of theinformation. Also the 
ontext of the information is important for re
all. The
ontext in
ludes the information asso
iations that exist when the information isstored or used [Lan88℄. Naturally knowledge about the personal strategy usedfor storing the information in an external representation is essential too.



58 CHAPTER 3. HUMAN ISSUES3.1.2 Mental RepresentationThe approa
h used for �ling the personal information therefore assume that theindividual 
an remember something about the information and may be able tore
olle
t something from memory about the information in order to retrieve anduse the information. This re
olle
tion 
an in
lude di�erent dimensions of memoryabout information regardless of the approa
h used to organize the information.Even if the information was not organized as su
h using a parti
ular strategy.For instan
e the individual may partly remember the 
ontent of the information,or the time the information was used or re
eived, the person from who theinformation originated, or a 
ategory under whi
h the information was �led.This means that many di�erent strategies may be used to keep informationand information may have many di�erent formats and di�erent medias (paperdo
uments, ele
troni
 do
uments). However, independently of these parametersthe personal information kept by an individual has a representation in the mem-ory of the individual. This means that humans form a mental map of the personalinformation in the external representation and the stru
ture of that information,see Figure 3.1. This in
ludes the relations between the information as per
eivedby the human. It also in
ludes a representation of the strategy used to store andretrieve information in the external representation, e.g. repository [Col82℄.
external

representation
of information

human mental
representation
of informationFigure 3.1: External representation of personal information and human mentalrepresentation of that known informationIn order to keep attention on the task at hand an external representation



3.2. DIMENSIONS OF MEMORY 59or repository must require as little storage and retrieval e�ort as possible. Asmentioned in Se
tion 2.8.3 this is known as the storage retrieval dilemma. Aspointed out by Cole [Col82℄ information must be available at a level so that itallows the development of "a 
ognitive model adequate for subsequent intera
-tions". The model forms the basis on whi
h storing, �nding, and retrieval ofinformation may take pla
e.The pro
esses of �nding and retrieving information are based on 
ontextand asso
iations of information available in the mental representation of thepersonal information. This means that retrieval is based on di�erent types of
ues asso
iated with the information.3.2 Dimensions of MemoryAs su
h humans remember about their information along many di�erent dimen-sions. Su
h dimensions of memory in
lude:� Spatial { where is it lo
ated, whi
h pla
e?� Temporal { when was it used or stored?� Identi�
ation su
h as a name or a number { what was it 
alled?� Classi�
ation { asso
iated 
ategory { how was it �led or 
ategorized?� Content { what does it 
ontain? What is it about?These di�erent dimensions of memory may be used in re
olle
ting the infor-mation [Lan86b℄ [Lan88℄. The spatial lo
ation of an information item is onedimension of the human memory. For instan
e an individual may re
all that aninformation item was left on the upper-left side of a table, in a parti
ular pile,or on a shelf in the oÆ
e. He may remember when the information item was lastused, whi
h represents a temporal dimension of memory about the informationitem. Additionally he may partially re
olle
t the 
ontent of the information itemor the size of the information item by some measure. For instan
e that is was ado
ument about a parti
ular topi
 and that it 
ontained about ten pages.



60 CHAPTER 3. HUMAN ISSUESDi�erent dimensions of memory is relevant and additionally both re
all andre
ognition may be used in the pro
ess of �nding and retrieving information,as mentioned in the previous se
tions. This means that information manage-ment be
omes a 
omplex pro
ess that in
ludes a 
ombination of te
hniques andmemory for storing, �nding, and retrieval of information.3.2.1 SpatialAs mentioned above one dimension of memory is spatial memory, whi
h meansthat human spatial memory 
apabilities 
an be utilized to store and retrieveinformation. Those 
ognitive 
apabilities are highly developed and strong ashumans navigate a physi
al spatial environment.In the study by Cole [Col82℄ it was observed how spatial memory was im-portant as a way to 
ompensate for the diÆ
ulties of 
ategori
al organizationof information. Categorization of information may impose a diÆ
ult and time-
onsuming task upon humans. As a 
onsequen
e leaving information in a spatialstru
ture is per
eive as easier and the mental spatial representation of the in-formation enables humans to retrieve the information by using spatial memory
ues. It is per
eived that little e�ort is needed to store the information, as infor-mation is simply left in a spe
i�
 lo
ation. Preferen
e for spatial organizationhas also been observed in the apparent preferen
e for piling of information bysome subje
ts [Mal83℄.Little e�ort might be needed to retrieve the information later, as it 
an beretrieved at the spe
i�
 lo
ation by means of the spatial memory 
ues. Sear
hingthe spatial information stru
ture is similar to that of navigating the physi
alenvironment. This in
ludes the use of landmarks, su
h as, dire
tional 
ues,paths, borders, and topologi
al relations. A spatial organization of informationin
ludes relations among the information as a navigational 
ue. Su
h spatialorganization allow for a representation of the relationships among informationentities as per
eived by humans. The relations between information entitiesmay be mapped to a spatial organization of those information entities in termsof proximity. This means that humans 
an map their personal understanding,per
eption and use of the information onto a spatial layout, whi
h support theper
eived relations among the personal information. Related information is in



3.2. DIMENSIONS OF MEMORY 61the same pile or the same area.Both re
all and re
ognition is relevant in the pro
ess of �nding and retrievinginformation by means of spatial memory. Re
all may be ne
essary in order toinitiate retrieval of information. However, a spatial arrangement of informationstrongly supports the human re
ognition of information. This in
ludes re
ogni-tion of positions and landmarks, and s
anning of an area, in order to re
ognizeinformation.A potential problem is the s
alability of information entities, whi
h 
an beorganized eÆ
iently this way [FFG96b℄. As the amount of entities in
rease itmay be
ome diÆ
ult to remember exa
t spatial lo
ations, and the retrieval taskmay instead be
ome a time-
onsuming manual sear
h task. Several informationentities may have to be visited and sear
hed in order to lo
ate the spe
i�
 entityneeded. In the study by Malone [Mal83℄ it was observed that some subje
tsorganized their information in many piles, and therefore had to go through pilesand sear
h for information to �nd it. So although human spatial 
apabilitiesare strong the organization of information by means of spatial organization mayhave some limitations in terms of s
alability.A positive side e�e
t of organizing information by means of a spatial arrange-ment is that the information may also serve the important reminding fun
tion.Information 
an be kept within sight in the spatial organization. The informa-tion itself will remind of tasks to 
arry out. Often humans a
hieve reminding bymeans of a spatial arrangement of information by leaving information or obje
tsin lo
ations that are either in sight or frequently visited (see Se
tion 2.4).In ea
h dimension there is also relations to other information entities. Interms of spatial relations this is the relative position of information entities, interms of temporal relations these are expressed as "before" or "after", and interms of semanti
 relations the relations are how the information entities relateto ea
h other in spe
i�
 semanti
 terms.3.2.2 TemporalAnother dimension of human memory is episodi
 memory. It is the memory ofevents in serial form and temporal understanding is a very fundamental 
ognitive
apability. With this type of memory humans are able to re
onstru
t information



62 CHAPTER 3. HUMAN ISSUESabout events on the basis of when it o

urred in time. Thus humans may utilizeepisodi
 memory of events in order to re
all information in terms of when it was
reated, found, or used. In this way temporal information in terms of episodi
memory may support the retrieval of information.Human understanding of temporal 
on
epts is 
losely related to spatial mem-ory and 
on
epts mentioned above. Temporal properties 
an be understoodin terms of the spatial properties and 
apabilities. Humans use �gurative ormetaphori
al way of expressing temporal information and relationships. Forinstan
e metaphors are used to refer to temporal 
on
epts. That is, spatial 
on-
epts are used when referring to temporal aspe
ts. For instan
e you have thewhole day before you, or Danish time is ahead of British time, and it was leftbehind. Therefore the strong spatial 
apabilities 
an to an extent be mapped totemporal aspe
ts. Cues relevant for spatial navigation are also relevant to thatof temporal navigation.The relations among temporal information or events 
an be expressed interms of spatial relations. For instan
e they 
an be expressed as before andafter, simply meaning that one event happened before or after another event.This indi
ates how spatial navigation 
an be utilized when navigation temporalbases information.This 
ognitive 
apability is also powerful, but it relies on the human episodi
memory, that is, the ability to re
all events and information asso
iated to theevents. If no or little information 
an be re
alled about when an event tookpla
e this approa
h fall short. An aspe
t is the temporal a

ura
y or level ofdetail of whi
h information may be re
alled, that is, at whi
h temporal level theinformation is re
alled. For instan
e the year, month, week, day, or hour anevent took pla
e. Thus the eÆ
ien
y of temporal organization of informationmay depend on whether the re
ognition aspe
t 
an be utilized also. For instan
es
anning for information based on the temporal level of the information that thehuman is able to re
all.The spatial 
apabilities mentioned above allowed good utilization of re
all andespe
ially re
ognition. However, temporal 
apabilities may have less utilizationof re
ognition due to less navigational 
ues 
ompared to spatial memory.Also a potential problem is the s
alability of information entities, whi
h 
anbe organized eÆ
iently by means of temporal information. In
reased amount of



3.2. DIMENSIONS OF MEMORY 63temporal based information may lead to diÆ
ulties re
alling information at thelevel of temporal pre
ision needed. As with spatial organization retrieval maylead to a time-
onsuming manual sear
h task.3.2.3 Semanti
Finally human memory in
ludes semanti
 memory. This type of memory in
ludesfa
ts, 
on
epts and skills, whi
h have been a
quired based on experien
e. As su
hinformation has been derived from experien
e it 
an be used independently ofevents (episodi
 memory).Humans may asso
iate semanti
 information to information in memory. Forinstan
e 
reate a semanti
 identi�
ation, name or des
ription of information.This may be naming of information entities, 
reating of identi�
ation number,
olor-
oding, and other semanti
 
oding of the information.Stri
tly speaking spatial and temporal dimensions 
an be 
onsidered seman-ti
 information as well, as they des
ribe "where" the information is or "when"information related to an event took pla
e. However, the spatial and temporaldimension are very fundamental dimensions of information as they map to fun-damental 
ognitive 
apabilities and understanding. The semanti
 informationmentioned above provides an abstra
t or logi
al des
ription of the information,rather than the "where" and "when" of the information.Information stru
tures and s
hemes in whi
h information is grouping or 
at-egorization is also 
hara
terized as semanti
 information. As dis
ussed in theprevious 
hapter there are many possible ways of doing su
h 
lassi�
ation andmany di�erent dimensions on whi
h su
h 
lassi�
ation may be based. In a 
asestudy Kwasnik [Kwa89℄ of how people 
lassify information in an oÆ
e environ-ment it was found that the use of do
uments was the dominant property onwhi
h 
lassi�
ation was based. This indi
ates that situation and 
ontext havean important e�e
t on how information is 
lassi�ed rather than the informationitself.



64 CHAPTER 3. HUMAN ISSUES3.2.4 Partial MemoryBased on the above mentioned dimensions of memory retrieval of informationfrom long-term memory may take pla
e. This means that humans may be ableto retrieve information based on di�erent elements and stru
tures of that infor-mation. Additionally the retrieval of information may be based on either re
allor re
ognition or a 
ombination of both.For instan
e memory of a parti
ular do
ument 
ould manifest itself in termsof memory of:� Where it was left (spatial)� When it was 
reated (temporal)� When it was last used (temporal)� The topi
 of the do
ument (semanti
)� A 
ategory under whi
h it was �led (semanti
)� Parts of the 
ontent of the do
ument (semanti
)However, studies of personal information management have indi
ated thathumans may only have partial memory of their personal information. This meansthat although a parti
ular information entity 
an be asso
iated to many di�erentmemory dimensions humans may only be able to partially re
all these [Col82℄.Lansdale [Lan86b℄ did exploratory experiments with re
alling 
apabilitiesbased on asso
iations of i
ons, 
olours, and lo
ations of a do
ument versus ver-bal names of 
ategory, 
olour, and name adje
tives. It was found that subje
tsperformed equally. The degree of semanti
 link between the attributes asso
i-ated and the adverts were important. It was found that i
on shapes and 
ategorywords gave the best re
all. Colour and 
olour names and adje
tives and lo
ationswere less e�e
tive in his experiments.An important result obtained from the experiment was that these dimensionsare not 
orrelated. This means that the re
all of di�erent dimensions of 
odingturned out to be independent. The likelihood of re
alling a dimension of 
oding



3.3. STORAGE-RETRIEVAL TRADE-OFFS 65was independent of another dimension of 
oding already re
alled. For examplethe likelihood of re
alling 
olour was independent of whether the subje
t hadalready re
alled a shape or lo
ation [Lan86b℄. In the example above this wouldimply i.e. that re
alling when the do
ument was last used is independent ofthe ability to re
all under whi
h 
ategory it was �led. As su
h human memoryof personal information 
an be 
hara
terized as being partial and the di�erentdimensions of memory of the information is independent.3.3 Storage-Retrieval Trade-o�sAs humans may only be able to partially re
all information it has impli
ationsfor the a
tual pra
ti
es 
hosen to keep and �le information as dis
ussed in theprevious 
hapter. However, the 
ognitive issues may provide additional under-standing of su
h di�erent pra
ti
es of personal information management observedin studies of these.One aspe
t is the relu
tan
e to �le information away. For instan
e it hasbeen observed how 
lassi�
ation of information is avoided. It is diÆ
ult to de
idehow to a
tually �le or 
ategorize the information. Additionally there is a riskthat the information will be irretrievable later. A 
oping strategy is to put theinformation in a physi
al or virtual pla
e. This enables the utilization of spatialmemory 
apabilities when retrieving the information. In physi
al spa
e alsosemanti
 properties may be used as well, su
h as what did the information looklike, e.g. the size or 
olour of a do
ument. This also allows the utilization of thestrong re
ognition 
apabilities. This may further fa
ilitate the retrieval pro
ess.Additionally the storage of information in a spatial arrangement may be easierthan storage by means of a 
lassi�
ation s
heme in terms of the 
ognitive burden.If the information is stored into piles this often lead to an impli
it temporal orderof those piles, as re
ent information is on the top of the pile. This enables thetemporal dimension of memory to be used in retrieval of information. Theseaspe
ts 
an explain the preferen
es for su
h spatial and temporal arrangementobserved in studies of information management behaviour [Lan88℄.By using su
h information management strategy humans do not have to relyon their ability to re
all an abstra
t or logi
al stru
ture or 
lassi�
ation s
hemefrom memory. However, a potential problem of the approa
h is that it may not
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alable to a large quantity of information, as the retrieval pro
edure maybe
ome ineÆ
ient. For instan
e mu
h s
anning to �nd the information neededis time-
onsuming and diÆ
ult. But for a small quantity of information theapproa
h has been observed to be useful.Classi�
ation of information is also problemati
 in terms of 
ognitive issues.A 
lassi�
ation s
heme has to be 
reated and maintained, whi
h in itself is adiÆ
ult (and time 
onsuming) task [Lan88℄. This means that humans have toremember and be able to re
all the 
lassi�
ation s
heme used. The storageof information itself takes away the fo
us and attention from the a
tual taskat hand. Although that is a general problem of information management it isextensive in storage by means of 
lassi�
ation.As mentioned in Se
tion 2.9.2 limited knowledge of a topi
 makes it a diÆ
ulttask to 
reate a s
heme that will be useful over time. As the knowledge of thetopi
 expands over time a diÆ
ult reorganization of the information may beneeded. Or there might be other reasons for altering a 
lassi�
ation s
heme overtime, su
h as the 
ontext of use of the information or other external in
uen
e.Even if a topi
 is well known 
lassi�
ation is still diÆ
ult for other reasons. It 
anbe diÆ
ult to remember and re
all labels (properties) assigned to the informationfor instan
e assigned names or identi�
ation of the information. Barreau andNardi reported that subje
ts in their studies were unable to remember �lenamesof �les 
reated earlier the same day [BN95℄.Additionally information is not easily organized into neat 
ategorization stru
-tures. Information often falls into overlapping 
ategories with no obvious separa-tion. Malone [Mal83℄ argues that the problem of overlapping 
ategories is what
auses little motivation to do 
lassi�
ation, as it may lead to problems retrievingthe information. He argues that this is the primary motivation for organizinginformation into piles in the oÆ
e environment. Thereby there is no need to
onsider di�erent 
ategories.The problem of 
lassi�
ation is in
reased by ambiguities in language. Am-biguities 
an be 
onsidered a 
ognitive problem, as they are partly due to thestru
ture of language, as language 
ontains ambiguities. This implies that 
at-egory names (labels) 
an be ambiguous. Thus both storage and retrieval ofinformation may be diÆ
ult, for instan
e if retrieval by 
ategories di�erent fromthe ones used when �ling information. Language ambiguities therefore lead to
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ognitive burden, as fairly a

urate memory of the meaning of
ategories 
hosen must be remembered for the entire 
lassi�
ation s
heme. Op-timally the 
lassi�
ation would need to be unambiguous to obtain the highestlevel of eÆ
ien
y. Finally the 
ontext of the information has an in
uen
e on theway it is 
ategorized. The use of information in one 
ontext may lead to one
lassi�
ation, whereas another 
ontext of use may lead to an entirely di�erent
lassi�
ation [Kwa89℄. The ability to retrieve the information therefore dependson the ability to establish a similar 
ontext and interpretation of the informa-tion for retrieval. As su
h it depends on the ability to re
all both 
ontext andinterpretation of the informationStorage and retrieval of information is therefore a trade-o� among di�erent
ognitive aspe
ts and between di�erent diÆ
ulties of managing information.3.4 Retrieval by Re
all and Re
ognitionRetrieval is based on the ability to re
all information frommemory along di�erentdimensions. As dis
ussed the memory of information is partial, but even withsome memory of information this may not be suÆ
ient for retrieval to su

eedin all situations. Additional 
ues may be needed in order to support the human
ognitive 
apabilities and enable retrieval of information.3.4.1 Interplay Between Re
all and Re
ognitionAs dis
ussed above di�erent strategies may be used for �ling and �nding infor-mation: lo
ation-based (spatial or temporal) and logi
al (semanti
). In the �rstthe user tries �nding the information by re
alling its lo
ation. The user then nav-igates to that lo
ation for the information. In the study of use of �le/do
umentmanagement by Barreau and Nardi it is reported that subje
ts "often view �lesin the target lo
ation by date, by name, or by some other 
hara
teristi
 in orderto identify the �le from the list they are s
anning" [BN95℄. This means that thepro
ess of retrieving the information needed is a two-phase pro
ess where theinitial step is re
alling from memory about the information. This may �nd moreinformation than the parti
ular information needed. Thus the se
ond step is togo through the information to �nd the parti
ular information needed.



68 CHAPTER 3. HUMAN ISSUESIn the example above the initial step is to re
all and navigate to the lo
ationin whi
h the information 
an be found. The se
ond step is to re
ognize the infor-mation among the information available in that lo
ation. In the example sortingthe available information by di�erent attributes serves that purpose. Su
h re-trieval of information utilizes 
ombinations of re
all and re
ognition. Initiallyre
all is used. Whereas re
ognition is used in order to �nd the parti
ular infor-mation entity from a list. However, the se
ond step may also in
lude furtherre
all. In the example re
all of approximate date, name, or other 
hara
teristi
may help the pro
ess of re
ognition from the list.Semanti
 
oding of information may not be the one best suitable. As men-tioned earlier it was also found in the study [BN95℄ that often subje
ts were notable to re
all �le names even for �les 
reated the same day. Re
ognizing a �lename from a list was preferred instead. This is in a

ordan
e with the �ndingthat re
ognizing requires less 
ognitive e�ort than re
all [EK95℄.Thus re
all and re
ognition are both aspe
ts of the human memory stru
ture.Re
alling is a
tive in the sense that it requires sear
hing for information andretrieving it from memory. Contrary re
ognition is passive in the sense that apie
e of information is 
ompared to information stored in memory. Re
ognitionis less demanding from a 
ognitive point of view, and is more powerful thanre
all [EK95℄. For instan
e when humans try to re
all a set of names frommemory they might not be able to re
all the whole set, whereas if they areprovided with a list of the names, they will re
ognize a larger set of names.This indi
ates that naming of information entities is not always an eÆ
ient wayof organizing and storing information. Some entities may not have a naturalname, and 
oming up with one is arti�
ial and thus easily forgotten, as foundin the studies by Barreau and Nardi [BN95℄. Although personal information is
onsidered known information there may be situations where humans may notbe able to re
all suÆ
ient information, whi
h enable a
tual retrieval of a spe
i�
information entity. In that 
ase a pie
e of information 
an be said to be forgotten.However, the term is unsuitable, as providing additional information 
ues maya
tually enable humans to remember the information later. Thus additionalmeans may be needed to enable retrieval.



3.5. CLASSES OF INFORMATION 693.4.2 RemindingIn the previous 
hapter it was dis
ussed that reminding is an important aspe
tof personal information management [Col82℄ [Mal83℄. In the dis
ussions aboveretrieval has been dis
ussed as an a
tive pro
ess initiated by humans. Reminding
an be seen as an information retrieval pro
ess as well. In that 
ase it is a passivepro
ess, whi
h is not initiated by humans.The observations of re
all and re
ognition as memory aspe
ts are importantfor the reminding aspe
t of personal information management. In order to be re-minded of information humans naturally rely on re
ognition rather than re
all,as re
ognition is the passive pro
ess and re
all is the a
tive pro
ess. For in-stan
e reminding allows avoiding a
tively remembering information, as the goodre
ognition 
apabilities 
an help serve reminding.As mentioned in the previous 
hapter studies of personal information man-agement has indi
ated some preferen
e for spatial organization of informationin order to support reminding. As dis
ussed above spatial organization stronglyutilizes the re
ognition aspe
ts of memory. That is, when navigating to a par-ti
ular spatial lo
ation it enables related information to be re
ognized and used.This also serves the reminding fun
tion of personal information management,in that humans are reminded of information when re
ognizing information in aparti
ular 
ontext or situation of use.3.5 Classes of InformationFinally the di�erent 
lasses of personal information, ephemeral, working, andar
hived information dis
ussed in Se
tion 2.7 are revisited and dis
ussed brie
yfrom a 
ognitive point of view. The di�erent 
lasses of personal information alsoimply di�erent levels of intera
tion, that is, di�erent handling and use of theinformation. This means information in di�erent situations of use, and over dif-ferent time-spans, whi
h means it has impli
ations for the utilization of di�erentaspe
ts of human memory.



70 CHAPTER 3. HUMAN ISSUES3.5.1 Ephemeral InformationAs dis
ussed in Se
tion 2.7.1 ephemeral information is information that is mainlyused on a short-term basis and it is also referred to as a
tion information. There-fore it may involve little memory as su
h, as the information is typi
ally in sightand typi
ally used immediately. Therefore retrieval of ephemeral information re-lies more on re
ognition that on re
all. This is also supported by the observationthat it is typi
ally not stored away, but rather handled in an ad ho
 manner.However, dealing with and organizing ephemeral information 
an be problem-ati
 if it is not supported well by the tools used to support personal informationmanagement. Therefore observations have shown that it is often done in a veryad ho
 manner [BN95℄. Therefore the limitation of short-term memory [Mil56℄is relevant 
ognitive issue.3.5.2 Working InformationWorking information is used frequently 
ompared to the other 
lasses of per-sonal information (see Se
tion 2.7.2). This information is typi
ally relevant toongoing tasks, and usually organized in a more stru
tured way than ephemeralinformation. This implies that retrieval of su
h information rely more on re
allthan ephemeral information. However, spatial organization of the informationmay be used and thus both re
all and re
ognition are important aspe
ts. Ad-ditionally the management and use of this information typi
ally rely on bothshort-term memory and some degree on long-term memory. As the informationis frequently used it is easier to re
all the storage lo
ations of information, anda possible 
lassi�
ation of the information.3.5.3 Ar
hived InformationAt some point working information turns into ar
hived information (see Se
-tion 2.7.3) if it is de
ided to keep the information for possible future long-termuse. However, as the information is infrequently used more systemati
 organi-zation of the information is typi
ally used. Observations by Cole [Col82℄ andMalone [Mal83℄ have shown that typi
ally some kind of 
lassi�
ation systems isused to ar
hive the information rather than spatial or temporal strategies for



3.6. SUMMARY 71�ling. Therefore this 
lass of information relies on long-term memory and the
reation of s
hemes, whi
h enables the possible later retrieval of the ar
hivedinformation. As dis
ussed in the previous se
tions this 
auses a 
ognitive burdenon humans as the 
reation and maintenan
e of a 
lassi�
ation s
heme is diÆ
ult.3.6 SummaryThe most important issues in personal information management dis
ussed in thisse
tion 
an be summarized as follows:� Humans have partial memory about their personal information (along sev-eral dimensions), whi
h means that supporting systems should make itpossible for humans to utilize this partial memory� Organizing information is diÆ
ult { 
oming up with a good 
lassi�
ations
heme is diÆ
ult. Ar
hiving information (using the s
heme) is time 
on-suming and diÆ
ult.� It might be ambiguous how or where the information �ts into the 
lassi�-
ation s
heme.� Information and information stru
tures 
hanges over time.� The 
ontext in whi
h information is used 
hange over time.In the following se
tions we dis
uss how di�erent models and 
omputer-basedapproa
hes to support personal information management support these issues.This means how di�erent approa
hes support the 
ognitive aspe
ts involved inpersonal information management.





Chapter 4SystemsAs seen in the previous 
hapters personal information management is a 
omplexarea as it involves information at many levels and kept and used under di�erent
ir
umstan
es. There is a diversity of personal information used in relationto di�erent a
tivities. The level of stru
turing of the information varies andinformation is intera
ted with in di�erent ways. Also the frequen
y of use varieswidely.When 
onsiderable information quantities are dealt with as part of dailya
tivities some kind of external system must be used to support and fa
ilitate themanagement of personal information. This is due to human 
ognitive 
apabilitiessu
h as memory 
apabilities as dis
ussed in the previous 
hapter. The issues andaspe
ts involved in personal information management have impli
ations for theway in whi
h personal information management 
an be supported by both paper-based and intera
tive systems. Supporting and fa
ilitating the pro
esses involvedin personal information management are therefore not trivial.The quantities of personal information and the human 
ognitive limitations(e.g. memory) are reasons that tools supporting personal information manage-ment are needed. The more time spent �ling and managing information, the lesstime is spent performing the a
tual tasks at hand. A 
hallenge for personal infor-mation management systems is therefore to fa
ilitate the pro
esses involved in away so that the time spent �ling and managing information as su
h is minimized.73



74 CHAPTER 4. SYSTEMSDi�erent approa
hes and systems to support and fa
ilitate personal informa-tion management have been tried out both in the resear
h and 
ommer
ial spa
eover the last de
ades. This 
hapter dis
usses these di�erent general approa
hesand systems from the perspe
tives of personal information management and 
og-nitive issues, whi
h have been dis
ussed in the previous 
hapters. Advantagesand disadvantages in terms of supporting the issues involved are dis
ussed.4.1 Expressing IntentSystems that aims to support and fa
ilitate personal information managementneeds to address a number of issues in
luding human 
ognitive issues. Supportingsystems basi
ally provide an external representation of the personal information.At the same time the human has an internal representation of the personalinformation in the sense that he is able to re
all the information along di�erentdimensions. This may in
lude re
all of parts of the information, when it waslast used, the 
ontext in whi
h it was used, or other information asso
iated withan information item. That is, the internal representation in human memoryin
ludes relations to 
ontext and experien
es. These entities are ta
it knowledge,whi
h is inside the human memory only, and does not have an external symboli
representation.Therefore personal information management involves the interplay betweenthe human internal representation of the information and the external repre-sentation in some external system. An issue is the gap between how humansperform personal information management and how the system a
tually supportthe pro
esses involved in personal information management and how easy it isfor humans to map their personal information management intents to intera
-tion with the system. Thus an essential problem that systems need to addressis how humans 
an express their intent. On the basis of the task at hand andthe internal representation of information humans express intent. This intentmust be mapped onto the system and the external representation. The essentialissue is to bridge the gap between what humans know and 
an re
olle
t abouttheir personal information from memory and how they 
an map that knowledgeonto intera
tions with an intera
tive system, in order to retrieve, manage, anduse information in an external representation. Figure 4.1 illustrates pro
esses



4.1. EXPRESSING INTENT 75involved in personal information management, in
luding the interplay betweenthe human (internal representation of information) and the system (the externalrepresentation).

received

otherwise
found

search
fact

idea storage

retrieval

information discovery information entity system
external representation

human mental
internal representation

Figure 4.1: The pro
esses involved in personal information management and themental representation of known itemsThe pro
esses in
lude information dis
overy, information item, storage andretrieval of those items in an external representation, and the human mentalrepresentation of those know information items. The expression of intent is themapping between human and system.Systems that aim to support personal information management must there-fore utilize and support this interplay and human 
ognitive 
apabilities in orderto bridge this gap. The di�eren
es in the two representations mean that humansperform a mapping of expressing intentions from the task domain (sour
e) tothe a
tual intera
tions in a system domain (target). Humans typi
ally remem-ber far more about their personal information (along many dimensions) thanthey are able to use in retrieval pro
edures in intera
tive systems [Lan88℄. As



76 CHAPTER 4. SYSTEMSan example some approa
hes only allow humans one or few ways of expressinghow to retrieve information from an external representation. Similar storage ofinformation is only allowed along one or few dimensions in many approa
hes.Humans may be 
apable of expressing many features about the informationthat for instan
e intera
tive system 
annot use as input in order to retrievethe information. This implies a 
ognitive load on the human to 
onvert thatknowledge about the information into something that 
an be used as input inthe system. That means 
onverting the intent into an expression that the systemunderstands.Example: "I know about the proje
t that it has information about X, Y, andZ. But I don't remember when it was used or under whi
h 
ategory it was �lled.So now I need to sear
h the entire system for X, Y, and Z."Example: "I had the phone number for this person, but is it stored in ane-mail message, in a do
ument, in my address book, a bookmark to a webpagethat has it, or in my 
alendar?"The mapping is in
uen
ed by the 
onstraint of the possible ways of intera
tionwith the system. The further the gap is and the 
omplexity of the mapping themore it requires the user to take attention from the task at hand to the a
tualspe
i�
 intera
tions of the system. One issue is the spe
i�
 way in whi
h theexternal representation is used. Another issue is that intera
tive systems mayhave spe
i�
 terminology, su
h as, 
ommands, �les, appli
ations, 
ursor, et
.The user is familiar with a sour
e domain, and the terminology used in thatsour
e domain.The aim of systems supporting and fa
ilitating personal information manage-ment is therefore to bridge the gap and redu
e the 
omplexity of the mapping ofintent in the task domain to the operations on the tools, thus leading to a moreeÆ
ient and usable personal information management system.4.2 Supporting Personal Information ManagementPersonal information management has been studied for the last 
ouple of de
ades.Initial studies of su
h as those by Malone [Mal83℄ and Cole [Col82℄ involved ob-servations of oÆ
e work at a desk and paper-based systems for the support of
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troni
 information, su
h as, management of emails andbookmarks. Therefore the information environment has 
hanged 
onsiderableover the last de
ades, as more information has be
ome available through 
om-puter networks.However, the fundamental issues involved in personal information manage-ment are essentially the same whether the information is managed in a paper-based system or in an intera
tive system. Therefore it is important that bothtypes of systems address the issues involved in personal information managementand human 
ognitive 
apabilities dis
ussed in the previous 
hapters in order toprovide usable support.In the intera
tive systems domain the types of approa
hes to personal infor-mation management 
an be divided into two groups:� The �rst in
ludes systems that are 
hara
terized by an approa
h thatis similar to a physi
al personal information tool or systems based on ametaphori
al approa
h� The se
ond in
ludes systems that are not based on a physi
al tool, approa
hor dire
tly on a metaphorIn the �rst group belong a group of personal information management spe-
i�
 software and the traditional desktop system approa
h [JRV+89℄. In these
ond group belong approa
hes su
h as Lifestreams [FFG96b℄, Pla
eless Do
u-ments [DELS99℄, Haysta
k proje
t [AKA99℄ and Lotus Agenda [KKB+90℄. To-gether these approa
hes represent a fairly wide spe
trum of di�erent approa
hesto personal information management and together they highlight important is-sues involved in designing su
h intera
tive systems.
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i�
 SoftwareTraditional types of personal information would be kept in a paper-based formin terms of information in address books, 
alendars, to-do lists, and diaries.In a similar way software appli
ations have been 
reated to support personalinformation management. Initial intera
tive systems have tried to mimi
 thetraditional approa
hes and tools. Some of these systems have been designed to
losely resemble physi
al paper-based systems, su
h as paper organizers.Su
h systems 
an be 
hara
terized as tailor-made systems, as they serve thepurpose of supporting very spe
i�
 personal information management tasks andfun
tions. They map fun
tions from the traditional paper-domain dire
tly tofun
tions in the intera
tive systems domain. To the extent possible the sameset of fun
tions are available in both domains. Additionally the fun
tionality isdivided into the same areas and sets of fun
tions with 
lear boundaries amongfun
tionality. For instan
e separate areas that deal with addresses, 
alendar,and to-do items.An example of this approa
h is 
omputer desktop appli
ation software de-signed to be very similar to traditional paper-based systems. For instan
e desk-top software systems, su
h as Lotus Organizer (see Figure 4.2) and others 
loselymapped the fun
tionally of paper-based tools into the software approa
h. Es-pe
ially visual features where in
luded in order to 
losely resemble the visualappearan
e of a paper-based 
alendar and organizer.Examples of fun
tional features and visual similarities in
lude:� Clear division of fun
tional areas (address, 
alendar, to-do items)� Visual appearan
e { book with spiral binding and paper pages� Pages looking similar to paper-systems (units of information)� Alphabeti
 index pages� Index pages similar to paper-based systems (with di�erent 
olors)� Trash
an to dis
ard information
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Figure 4.2: S
reen shot of the Lotus Organizer software appli
ationSome of these visual features are of 
ourse unne
essary parts of the userinterfa
e from a stri
tly fun
tional point of view. The book and spiral bindingdoes not serve any fun
tional purpose, only a visual purpose to unders
ore thepaper metaphor used in the system.A potential bene�t of su
h a metaphori
al approa
h is that it allows thetransfer of knowledge from a sour
e domain (the paper-based systems) to atarget domain the software system. Thus the purpose of this strategy is toallow the users of systems to be able to qui
kly learn to use the system anduser interfa
e. If users are used to a paper-based organizer system they shouldbe able to easily re
ognize the 
orresponding elements in the software systemand use those elements. The software system has fun
tionally that is similarto that of a paper-based system. It might have additional fun
tions su
h asba
kup and sear
h me
hanisms and the ability to show 
alendar information indi�erent month{, week{, and day-views. However, 
i
king through the pagesof the paper-based system might be faster than sear
hing or shifting pages in
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i�
 areas and �elds. The user must navigate to those �elds and inputinformation, whereas the paper organizer allows the user to write a qui
k noteor annotation anywhere on any page.The approa
h 
learly has both bene�ts and disadvantages. However, in a
omparison of the paper-based and software based systems issues whi
h in
uen
esituations of use must be taken into a

ount:� Physi
al fa
tors (size and weight)� Intera
tion (pen vs. keyboard)� Situation of use (stationary vs. mobile tool, pla
es of use, standing, sitting,et 
etera)The software approa
h might have the drawba
k of not being portable like thepaper-based organizer. Therefore the user is limited to a stationary situation ofuse typi
ally behind a desk using a 
omputer desktop system. Espe
ially the issueof portability potentially yields two di�erent situations of whi
h are unsuitablefor dire
t 
omparison. The paper-based solution 
learly has advantages in mobilesituations of use and easy writing notes and annotations anywhere. Whereas theele
troni
 solution may have bene�ts in an organization 
ontext where employeesneed to view the 
alendar of 
olleagues and simultaneously perform booking ofmeetings in a number of 
alendars. It is noted that re
ently mobile intera
tivepersonal information management solutions have be
ome available whi
h makesthe 
omparison of the approa
hes more 
omplex.Nevertheless it is relevant to 
onsider the fun
tionality of the approa
hes inthe two di�erent domains. The main bene�ts and disadvantages 
an be sum-marized as follows. The approa
h dis
ussed here 
learly has the metaphori
albene�t of allowing transfer of knowledge from the paper domain to the intera
-tive domain. This potentially allows those familiar with paper-based organizerseasier learning of the software-based organizer. However, the metaphori
al ap-proa
h is also the disadvantage of the approa
h. By 
losely simulating physi
alartifa
ts su
h solutions does not ne
essarily take advantage of the possibilitiesin the intera
tive systems domain. The paper metaphor may introdu
e a set of
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onstraints on the intera
tive system that are unne
essary and prevents utiliza-tion of the bene�ts of the domain. Su
h limitations 
ould in
lude the navigation,visualization, and use of information in the system. For instan
e there 
ould bemore eÆ
ient ways to navigate the information than turning virtual pages, andother ways of visualizing the information than through units of paper. There-fore su
h an approa
h to the 
onstru
tion of personal information managementsystems may be imposed by a set of arti�
ial 
onstraints and not fully utilize thepotential of the intera
tive system domain beyond a few features as mentionedabove.In general these traditional PIM software appli
ations does not ne
essarilyutilize the full potential of a 
omputer-based system. Instead of simulating thephysi
al paper-based systems used to support personal information managementother approa
hes might provide better support for the a
tivities and pro
essesinvolved.4.2.2 The Filing Cabinet Metaphor and File SystemsMany di�erent user interfa
es for 
omputer systems exist. However, a hierar
hi-
al �le system is the typi
al underlying storage me
hanism in many 
omputeroperating systems. Su
h storage system is based on the physi
al �ling 
abinetmetaphor with drawers, folders, and papers.This approa
h transfers the (manual) management pro
esses that take pla
eusing a physi
al �ling 
abinet to a 
omputer based one. Thus it does not ne
-essarily utilize the possibilities in a 
omputer-based system. Classi�
ation ofinformation and �nding a pla
e (typi
ally only one) to put an information en-tity is required. This is diÆ
ult from a 
ognitive point of view as dis
ussed inChapter 3. Also it has been identi�ed in studies of personal information man-agement that "mu
h of the organization on people's desktops 
onsists of untitledpiles, bit that most 
omputer systems require any new do
ument or group tobe titled" [Mal83℄. As has been dis
ussed studies of personal information man-agement have shown that information handling and use in
ludes a variety ofinformation types and levels of intera
tion. The frequen
y of use also varies andthe information stru
tures and use may 
hange over time.As su
h there are a number of reasons why hierar
hi
al �le systems may
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iently. This explains why
oping strategies have been observed in these studies as well.4.2.3 Desktop Approa
hFor the past de
ades the desktop paradigm has been the most widespread meta-phor for 
omputer user interfa
es, that is, the user interfa
e to personal 
omput-ing operating systems. The desktop paradigm 
an be 
onsidered an approa
hto personal information management. However, when dis
ussing the desktopapproa
h in terms of personal information management support, it has to beobserved that the primary goal of the desktop model (when it was introdu
ed)was not to support personal information management as su
h, but rather that itshould be easy to learn to use the system [JRV+89℄. That was one of the ideasbehind the metaphor, that is, a way to ease learning to use the user interfa
e.Knowledge from a sour
e domain 
an be used to in the target domain, that is,the user will have a better 
han
e to guess or understand how the user interfa
eworks. That pro
ess should be faster be
ause of the knowledge from the sour
edomain. The user of the system would be familiar with 
on
epts from the of-�
e domain and be able to transfer the knowledge about those into the targetdomain.This explains the metaphori
al approa
h, whi
h tried to take elements fromthe traditional oÆ
e environment thus enabling faster, and easier learning of thenew 
omputer-based tools. These elements in
luded the �ling 
abinet, paperdo
uments (�les), folders, and a trash
an. An additional set of metaphors isfound in the windows, i
ons, menus, and pointers (WIMP) interfa
e elements. Ametaphori
al approa
h might fa
ilitate learning, but a potential problem is thatthe metaphor eventually breaks.The paradigm was also introdu
ed in order to fa
ilitate oÆ
e automation,as it tried to map existing work pra
ti
es, su
h as do
ument handling and the�ling 
abinet in a hierar
hi
al �le system in the ele
troni
 domain. A goal wasto fa
ilitate the pro
ess of 
reating paper do
uments, why software appli
ationstypi
ally are do
ument 
entered, and enable the 
reation, handling of paperdo
uments, and printing. Typi
al examples are so-
alled produ
tivity softwaresu
h as spreadsheet and word pro
essing appli
ations.
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h. The desktop paradigm does not ne
essary s
ale well tothe situations of today, where 
omputers are networked, the information quan-tities are higher, and the available fun
tionality in terms of available 
ommandsare orders of magnitudes higher.In the beginning the desktop model was applied with only a few appli
ationprograms: word pro
essing, spreadsheets, and presentation software. Ea
h ofthe appli
ations had limited fun
tionality as they had a relatively small num-ber of 
ommands 
ompared to similar appli
ations today. However, ea
h newrelease of the appli
ation software typi
ally introdu
es additional fun
tionalityand thus many new 
ommands. Thereby making it more diÆ
ult to learn anduse [Ras00℄ [Nor98℄.In addition the �le system held only relatively few �les, so the hierar
hi
al�le system did not present a major problem in terms of usability initially. As thenumber of �les in the �le system is low and the number of available 
ommandsin the appli
ation menus is low then the model is usable. The reason is thatthe user 
an easily "s
an" menu item or information needed, sin
e there is a lownumber and it �ts on the s
reen.As, appli
ations have in
reased in fun
tionality by adding additional featuresand thus the number of available 
ommands in ea
h appli
ation has in
reased.Therefore appli
ation menus were 
hanged into hierar
hi
al menus in order to�t the in
reasing amount of 
ommands and options into the available spa
e onthe display.Although the desktop paradigm was not 
reated to enable personal infor-mation management as su
h, it is a
tually used to serve personal informationmanagement purposes. Studies by Nardi and Barreau [BN95℄ have shown the dif-ferent 
lasses of personal information use are found in the use of desktop systemstoo. Also users use strategies in whi
h desktop systems 
an serve the remindingfun
tion, su
h as, leaving i
ons in spe
ial pla
es on the desktop [BN95℄. Anotherad ho
 method is to leave e-mails in the inbox to serve the reminding fun
tion.As e-mail was originally intended to support asyn
hronous messaging only, this
learly indi
ates an example of unintended use [WS96℄. Although the system wasnot designed to enable these personal information management features users ofthe system have developed 
oping strategies that enable them to use the system
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heme is the most widespreadand 
ommon user interfa
e for 
omputer systems and handheld devi
es su
h aspersonal digital assistants. As this approa
h mimi
s the physi
al desktop andoÆ
e, it requires the user to do �ling and management of information manu-ally. Filing is done similar to the way this would be done using a physi
al �ling
abinet. The approa
h was designed when 
omputer hardware and storage waslimited, and therefore only had few software appli
ations and �le systems heldlimited quantities of information.Current systems have be
ome mu
h more powerful. The number of appli
a-tions and the amount of storage has in
reased drasti
ally. Thus desktop 
om-puters must handling of orders of magnitude higher quantities of information.Although desktop operating systems have 
hanged over the last de
ades, the userinterfa
es are still built upon the same underlying model. Additionally the un-derlying me
hanism for storing information into the system is still based on the�ling 
abinet metaphor, that is, a hierar
hi
al �le system with �les and folders.This approa
h does not appear to s
ale well with in
reasing quantities ofinformation and types of information. Additionally the approa
h is not tai-lored for the support of personal information management as su
h. File systemsmay provide some level of support for ar
hived information, but ephemeral andworking information has less support [BN95℄. Similar the support for looselystru
tured information is not built into the model, why users have to develop
oping strategies. Also to enable support of reminding users have to use thesystem in alternative ways. Finally a stri
t hierar
hi
al information stru
tureis limited in the way storage and retrieval may take pla
e, and thus does notenable taking full advantage of the di�erent dimensions of memory involved inre
all from human memory.4.2.4 Alternative Approa
hes Resear
hedOver the years other approa
hes to the support of personal information man-agement have been resear
hed. These alternative approa
hes have explored howto utilize advantages in the ele
troni
 domain. This has in
luded resear
h of in-formation retrieval and di�erent ways of organizing, visualizing, and intera
ting
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h that has re
eived mu
h attention is information retrieval.However, the main 
on
ern of this bran
h of resear
h has not been on retrievalof known personal information from information systems. Rather it has assumedthat the information is already in the system { in a database and mostly notentered or stored by the user of the system. In that 
ase the user typi
ally hasto learn a 
lassi�
ation s
heme, or sear
h keywords to retrieve the information.Entry and handling of information espe
ially of ephemeral information, thatis, a
tive non-ar
hived information has gotten less attention in HCI resear
h[BN95℄. However, a resear
h area that has gotten some attention is informationvisualization, for instan
e approa
hes that enable visualization of large informa-tion quantities for easier information retrieval and exploration [Shn96℄.These general resear
h areas mentioned above have some relevan
e to per-sonal information management, however resear
h that address the parti
ularproblems of personal information management have also been 
arried out overthe last de
ades.Espe
ially di�erent approa
hes to personal information management havebeen resear
hed over the last de
ades. This in
lude resear
h that have proposednovel user interfa
es that aim to improve intera
tion and provide better supportfor the spe
i�
 
hara
teristi
s and issues involved in personal information man-agement. Thus fa
ilitating the pro
ess of information organization, managingin
reasing quantities of information and varying information types. Addition-ally supporting the in
reasing amounts of ephemeral and working informationthat information workers deal with on a daily basis.These approa
hes to personal information management in
lude:� Temporal-based systems� Spatial-based systems� Attribute-based systemsSystems that support personal information management in general typi
allysupport multiple information types in a 
ombined system, for instan
e a 
om-
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alendar, address book, to-do, and notes system, as dis
ussed in Se
-tion 4.2.1. Other systems support only a spe
i�
 domain of personal informationmanagement. An e-mail system that supports the management of e-mails and
olle
tions of e-mails is an example.The approa
hes dis
ussed below address the problems of personal informa-tion management and therefore typi
ally take into a

ount the relations amongdi�erent types of information, and that information is related a
ross a
tivities.Therefore these approa
hes typi
ally address the management of an entire do-main of personal information, in
luding information of di�erent type rather thanaddressing the management of a single information type only.The overall purpose of these systems is to support and fa
ilitate the pro
essesof information management. Having the user to fo
us less on the informationmanagement as su
h, and more on the information use, and the a
tual task athand.4.2.5 TemporalOne area that has been resear
hed is to utilize di�erent dimensions of memory.That is to allow the users to organize information in di�erent information stru
-tures, and not ne
essarily enfor
e a hierar
hi
al information organization andexpli
it naming of information entities.One example is the temporally based approa
hes to personal informationmanagement. Examples of su
h approa
hed that have been resear
hed are:� Lifesteams { address the problem of having to name obje
ts, 
ategorizethem, and store them into a hierar
hi
al stru
ture [FFG96b℄.� Time-ma
hine 
omputing from Sony resear
h [Rek99℄ { the starting pointis the traditional desktop metaphor. The extension is to allow the user tomove ba
kwards in time and retrieve information from the desktop in anearlier 
ontext� Pile metaphor { an approa
h from Apple whi
h support unstru
tured andsemi-stru
tured information in terms of piles [MSW92℄. These piles are
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itly temporally organized infor-mation (but not ne
essarily stri
tly so).An alternative to the desktop model is the Lifestreams model [FFG96b℄ thataddresses the problems introdu
ed by hierar
hi
al �le systems. The Lifestreamsmodel was originally a resear
h proje
t from Yale University, and later 
ommer-
ialized by S
opeware (previously Mirrorworlds). Lifestreams is des
ribed as anetwork a

essible data ar
hive for time-ordered information { a time orderedstream of do
uments. A suitable metaphor for des
ribing the system is an "ele
-troni
 diary" metaphor, meaning that the overall organization prin
iple is thetemporal dimension.The unit of work in Lifestreams is do
uments. Do
ument formats in
ludethose found in a regular 
omputer desktop environment, su
h as, word pro
essingdo
uments, spreadsheets, reports. However, it also in
ludes information su
h asmemos, 
alendar entries, e-mails, et 
etera.The goal of the system is to de
rease or eliminate the time spend managinginformation, thus enabling the user to keep attention to the task instead of theinformation management as su
h. Using a temporal organization of user do
-uments in the user interfa
e the user is no longer required to expli
itly name�les or organize �les into a hierar
hi
al stru
ture. Instead all �les are organizedinto a linear stream by temporal attributes, su
h as, the time when the �le was
reated or used. This means when a new do
ument is 
reated it is not ne
essaryto provide a �lename or put it in a spe
i�
 lo
ation, as is the 
ase in the desktopmodel. Do
uments are automati
ally ar
hived by the temporal property. Thussome level of ephemeral and working is available as su
h information is in the"present" front of the stream and highly visible to the user, while older informa-tion is automati
ally pushed into the past further from the user's view [FFG96b℄.Retrieval of do
uments in the system is done based on temporal attributes.The design rationale is that do
uments are easier to �nd if retrieved in the same(temporal) 
ontext they were 
reated in. The argument is that in retrieval froma do
ument hierar
hy it might be ambiguous where the do
ument is lo
ated, asdis
ussed in Se
tion 3.3. In addition the 
ontext in whi
h the do
ument is usedmight 
hange over time. These are among the reasons for the time-based notionin Lifestreams.
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ussed in Se
tion 2.4 an important aspe
t of personal information man-agement is reminding [Mal83℄ [BN95℄. In Lifestreams it is argued that remindingis an integrated part of the model, as reminders are simply put on the streamin the future, and will automati
ally appear "on top" of the stream, that is,in the front of the 
urrent stream. This makes it visible to the user. Theseso-
alled "future do
uments" 
an also serve as pla
eholders for meeting s
hed-ules [FFG96b℄. This approa
h is suitable for information or a reminder where atemporal property is naturally asso
iated, but seems less suitable for informationor reminders where no logi
al temporal property 
an be asso
iated.Time-based user interfa
es were suggested as a design possibility from the�ndings in the study by Malone [Mal83℄ mentioned earlier. It was suggestedthat the temporal parameter is used for information 
lassi�
ation. Either basedon the time the information was 
reated or by the time it was last used. "One
an imagine a system where users sear
h for a do
ument by kind of simulatedtime-lapse photography of the history of their desktop. They 
ould 'rewind' and'fast forward' the desktop to lo
ate the last time the desired do
ument was onthe desk" [Mal83℄. The Lifestreams approa
h resembles the proposal by Malone.However, a system that is even 
loser is a time-
entri
 workspa
e found in"Time-ma
hine 
omputing" from Sony resear
h [Rek99℄. The potential of �ndinginformation from an earlier temporal 
ontext is resear
hed. The starting pointof the information environment is the desktop user interfa
e. Then the systemallows the user to move ba
kward in time (similar to Lifestreams) to get a viewof the desktop information environment in an earlier state and 
ontext. The ideais to support retrieval by establishing an earlier 
ontext in whi
h the informationwas used.Finally the "pile metaphor" proje
t from Apple 
omputer is also relevantfrom a temporal approa
h perspe
tive. This user interfa
e model is also basedon a diary metaphor [MSW92℄. As dis
ussed in Se
tion 2.6.2 piles may have animpli
it temporal order. Therefore this approa
h 
an be 
onsidered time-basedas well.Lifestreams and Time-ma
hine 
omputing seem to have a strong emphasison supporting retrieval of ar
hived information. As the time-ma
hine 
omput-ing approa
h is strongly based on the traditional desktop approa
h it seems itwould have some limitations in support for ephemeral and working information.
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h appears to haveonly some level of support for ephemeral and working information. The Lifestre-ams approa
h has advantages over the traditional storage in hierar
hi
al basedsystems as it removes the requirement for expli
it naming of information andexpli
it organization of information in a hierar
hy. Also it allows informationof di�erent types relating to the same a
tivity to be stored together in streams.A potential drawba
k of the solution is that the fo
us is on temporal based re-trieval, thus utilizing only the temporal dimension of retrieval. This requiresthe user of the system to be able to re
all along one dimension, that is, wheninformation was used. It is noted that some sear
h fa
ilities are available inimplementations of the Lifestreams approa
h, thus enabling alternative ways ofretrieving information from the system via generated substreams.The pile metaphor appears aimed as an addition to existing systems, therebyenhan
ing the support of unstru
tured and semi-stru
tured information in exist-ing systems su
h as desktop systems. As Lifestreams it avoids for
ing users toexpli
itly name information entities, but rather keep them in a semi-stru
turedsequen
e { the pile. Thus the pile metaphor may enhan
e the level of supportof unstru
tured and semi-stru
ture information in existing systems. These areimportant properties of personal information management.4.2.6 SpatialAnother dimension of human memory that 
an be utilized is spatial memory.In this approa
h information is stored in a spatial way in a two{ or three-dimensional virtual environment. Retrieval of the information is based on thehuman 
apabilities to re
all spatially where information is lo
ated.Examples of systems that use this approa
h in
ludes Zoomable interfa
ePAD++ [BH94℄ and Data Mountain [RCL+98℄. Both represent systems thatenable users to organize do
uments in a spatial virtual environment. PAD++provides a zoomable surfa
e onto whi
h do
uments 
an be pla
ed. The user 
anpan the zoomable areas and zoom in and out on the surfa
e in order to viewdo
uments in larger detail. One appli
ation of the PAD++ zoomable interfa
ete
hnique is for personal information management. In that 
ase the personal



90 CHAPTER 4. SYSTEMSinformation is managed by pla
ing it onto the two-dimensional surfa
e. Rela-tions of information items is a
hieved by spatial proximity, for instan
e storingrelated information items in a 
hosen area on the two-dimensional surfa
e. DataMountain is a three-dimensional do
ument management system. It enables orga-nization of bookmarks (webpage do
uments) in a spatial environment, but thesystem is general in the sense that it allow the organization of other types ofdo
uments as well.An advantage to these approa
hes is that it enables a 
exible way of storinginformation in di�erent levels of stru
ture. It does not enfor
e a hierar
hi
alinformation organization and expli
it naming of information entities as infor-mation is simply organized spatially. However, the approa
h does enable the
reation of logi
al groups of related information in terms of spatial proximity.If a hierar
hi
al stru
ture is needed it is possible to map this to a spatial in-formation stru
ture for instan
e in the PAD++ approa
h. The surfa
e 
an bedivided into any number of areas where information is lo
ated together. Levelsin the hierar
hi
al stru
ture 
an be a
hieved by zooming in on a parti
ular areathat again 
an be divided into any number of sub-areas. Thus the stru
ture ofinformation in the PAD++ approa
h 
an be said to have an impli
it hierar
hi
alstru
ture. At the same time the approa
h allow less stru
tured information aswell. As su
h the approa
h supports information that have varying degrees ofstru
ture, as information 
an be stru
tured, semi-stru
tured, and unstru
tured.As the approa
h enables less stru
tured information is may also be more suitablefor ephemeral and working information.As a �nal example of the spatial approa
h the desktop approa
h dis
ussedpreviously 
an be mentioned. This also involves a spatial approa
h in the sensethat it utilizes some elements of spatial organization. For instan
e pla
ing do
-uments or i
ons on the desktop itself represents a two-dimensional spatial en-vironment. As have been seen in studies this is typi
ally used to enable re-minding. Thus the spatial approa
h is advantageous in terms of reminding asstudies have pointed out the preferen
e pla
ing information spatially in order tobe reminded [Mal83℄ [Col82℄ [BN95℄.Utilizing human spatial memory 
apabilities seems to be an attra
tive ap-proa
h, as those 
apabilities may support information management well, andalso resemble how information is managed in the physi
al environment. Also



4.2. SUPPORTING PERSONAL INFORMATION MANAGEMENT 91human spatial memory 
apabilities and visual per
eption are strong (see Se
-tion 3.2.1).One pra
ti
al problem that spatial based systems have had to deal with isthat implementations need powerful 
omputers to render a spatial environment.With less powerful ma
hines this 
an potentially 
ause long response times whennavigating the spatial environment, whi
h then be
omes a 
umbersome and slowpro
ess. Thereby navigating and using the information appears ineÆ
ient. As
omputers be
ome more powerful this spe
i�
 issue will be less of a problem andthe spatial navigation may support reasonable response times.With zooming interfa
es all information �ts onto one display area, but withlittle detail at the top level. In order to get the details of the information theuser has to zoom in to bring spe
i�
 information into fo
us and detailed view.Thus information is shown with di�erent levels of details depending on the depthof view. The pro
ess of navigating a virtual spatial environment involves movingaround the spatial stru
ture by panning and zooming, whi
h may 
ause thepro
esses of information storage and retrieval to take longer 
ompared to otherapproa
hes. Another issue is that it may lead the user to the feeling of gettinglost in the information environment. Implementations of zooming interfa
estypi
ally in
lude a feature that allows the user to return to a home position orknown starting point.It is questionable if utilizing only spatial 
apabilities may provide support forthe full range of information and issues involved in personal information man-agement. Additionally the s
alability of the approa
h in terms of informationquantity is an issue. For large quantities of information other means of infor-mation organization and sear
h fa
ilities may prove to be more eÆ
ient. Ane�e
tive sear
h me
hanism may be more eÆ
ient than navigating the spatialenvironment in the ways des
ribed above. Further studies of use of su
h systemsfor personal information management would be required in order to establish theusability over long time use and for 
onsiderably quantities of information.However, that does not mean that the spatial approa
h is ineÆ
ient for allsituations involved in -personal information management. Espe
ially in termsof supporting reminding in personal information management tools spatial or-ganization of information seems to be highly relevant. Also in
luding some levelof spatial organization of information may enhan
e support of ephemeral and
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lassi�
ation of su
h systems is animportant issue (see Se
tion 3.4.1), and the spatial approa
h is one way to a
hievethis.4.2.7 Attribute-Oriented Approa
hA 
ritique of the approa
hes dis
ussed above is that they are limited in the wayin whi
h they allow storage and retrieval of information. The approa
hes onlyutilize few dimensions of human memory. If the user of a system is only 
apableof re
alling information partially it may be diÆ
ult to perform retrieval in thesystem. For instan
e if the user only re
alls when information was used retrievalis diÆ
ult if the information is stored in a spatial-oriented system. This maylead the user to a time-
onsuming manual sear
h of the virtual environment inorder to retrieve the information needed. Sear
h fa
ilities 
ould be available ina
tual system implementations. Sin
e the user has to sear
h for the informationby other means it 
ould be an indi
ation that the approa
h is not working or thatthe approa
h is not suitable for the type of information stored in the system.Another problem is that information 
an only reside in one pla
e. For in-stan
e a do
ument 
an only be pla
ed in one parti
ular lo
ation in the spatialenvironment. However, the information may belong naturally in more than one
ontext, and thus be organized in multiple ways as part of di�erent groups ofrelated information. Finally enfor
ing a hierar
hi
al information organizationmay not be suitable for all types of personal information. This approa
h is alsolimited to information in one lo
ation and thus one way of �nding and retrievingthe information. In �le systems �les typi
ally have a set of standard attributessu
h as the type of information, the size of the information (e.g. �le size), thedate of the 
reation of the information, the date of the last modi�
ation of theinformation, name of the person who 
reated the information, et 
etera. Theseare properties that 
an be used in the retrieval pro
ess on
e a group in whi
hthe information resides (see Se
tion 3.4.1).The issues mentioned above have been addressed in another bran
h of ap-proa
hes to personal information management and do
ument management { theso-
alled attribute-oriented or asso
iative systems. In these systems informationis organized by asso
iating des
riptive attributes to the information entities.
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 �le system [GJSJ91℄, whi
h is an extension of atraditional hierar
hi
al �le system. In this approa
h attributes are automati
allyextra
ting from the 
ontent of the �les in the system. The attributes are indexedand enable the user to establish queries on the �le system, and thereby retrieving�les from the semanti
 �le system by means of the keywords asso
iated with the�les. Thereby a number of virtual dire
tories 
an be established, that is, a more
exible way of retrieving information from the system 
ompared to traditional�le systems. This means that the information may be retrieved in multiple ways,as the same information may be available in multiple virtual dire
tories.The semanti
 �le system represents an example of general �le managementand is not spe
i�
ally meant to support personal information management andthe spe
i�
s of su
h systems. There are other similar approa
hes that are tar-geted towards supporting personal information management. These approa
hesin
lude:� Lotus Agenda { Personal information management software from Lotus[KKB+90℄� Pla
eless do
uments { Resear
h proje
t from Xerox [DELS99℄, [DEL+00℄� Haysta
k { Resear
h proje
t from MIT [HKQ02℄� Lifestreams { 
an also be 
ategorized as an attribute-oriented approa
h[FFG96b℄Although these systems generally provide support of personal informationmanagement they are di�erent approa
hes that ea
h emphasize di�erent sets ofaspe
ts of personal information management. Nevertheless they share some sim-ilarities in terms of the underlying storage me
hanism and means of retrievingof information. Common among the approa
hes is that they use some kind ofattribute-oriented s
heme. This generally means some way of asso
iating mul-tiple des
riptive attributes to information entities kept in the systems. Thistypi
ally enables a more 
exible way of organizing and retrieving information
ompared to traditional hierar
hi
al-based approa
hes. For instan
e informa-tion may be organized in multiple ways based on the attributes asso
iated withthe information entities. This enables information to appear in multiple 
ontexts
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h therefore potentially provides a better support for retrievalof information, as multiple dimensions re
alled from human memory about theinformation 
an be used in order to perform information retrieval from the sys-tem.Lotus Agenda [KKB+90℄ is an example of personal information managementspe
i�
 software. Although this software is DOS-based with a simple text-baseduser interfa
e the approa
h in this software is somewhat di�erent from the typ-i
al examples of personal information management spe
i�
 software mentionedin Se
tion 4.2.1. The aim of this approa
h is to a larger extent to address someof the spe
i�
 issues involved in personal information management. The systemhandles simple traditional personal information su
h as 
alendar items, to-doitems, memos, addresses, tasks, 
alls, et 
etera. However, it is di�erent as it usesan attribute-oriented s
heme referred to as an item/
ategory database. Wheretraditional systems have separate system-de�ned areas and views of ea
h type ofinformation su
h as addresses and 
alendar information, Agenda have no �xedboundaries or areas based on information types. This means that related in-formation of di�erent types 
an be organized together in so-
alled views, whi
h
an be 
reated and tailor-made by the user of the system. Thus Agenda 
anbe 
hara
terized as having a mu
h higher degree of 
exibility in terms of stru
-turing, organizing, and using the information kept. This also means support ofless stru
tured information, as the information entities does not have to be ex-pli
itly named or organized into a spe
i�
 stru
ture. Additionally the approa
hallows the information stru
tures and 
ontexts in whi
h information is used toevolve over time. Finally Agenda appears to have a higher level of support forephemeral information, as it allows easy and qui
k writing of information su
has a phone number or short pie
e of text into the system.Pla
eless Do
uments from Xerox Xerox [DELS99℄, [DEL+00℄ addresses someof the problems in hierar
hi
al-based systems. Spe
i�
ally it addresses the prob-lem of having to pla
e information into one spe
i�
 pla
e in a hierar
hi
al in-formation stru
ture (or other information stru
ture), and the requirement toafterwards retrieve it by navigating to that one spe
i�
 lo
ation in the stru
ture.This in
ludes the issue that lo
ation of information may be ambiguous as infor-mation may belong in multiple lo
ations. The aim of the approa
h has lead tothe name pla
eless do
uments, indi
ating an approa
h where information is notstored into one spe
i�
 lo
ation.
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h taken is also attribute-oriented and based on the observationthat information stored in hierar
hi
al stru
tures already has a number of de-s
riptive attributes asso
iated. The do
ument overview.pdf stored into a treestru
ture 
arries some information already./work/proje
ts/nexus/paper/overview.pdfEa
h level in the stru
ture 
ontains information about the parti
ular do
u-ment. That it is work-related, belongs to a proje
t, the name of the proje
t isnexus, that it is a paper, and that the type of do
ument is PDF. Additionallyea
h �le typi
ally have some system spe
i�
 properties as well. The Pla
elessDo
uments approa
h allows multiple attributes to be asso
iated with do
umentsin existing �le systems and me
hanisms for grouping do
uments in the systembased on these attributes.The Haysta
k proje
t is also an approa
h that aims at providing a platformfor personal information management. The fo
us is mainly the in
reasing quan-tities of ele
troni
 information that is dealt with on a daily basis, su
h as, emails,bookmarks, and ele
troni
 do
uments. The approa
h is also using an attribute-oriented s
heme based on the Resour
e Des
ription Language (RDF) [MM03℄.Similar to the previous systems the approa
h allows multi organizations of in-formation.Lifestreams (dis
ussed in Se
tion 4.2.5) 
an also be 
ategorized as using anattribute-oriented approa
h. The system allows users to sear
h by means ofkeywords and substreams of mat
hing information entities are 
reated based onsu
h sear
h queries. Thus the basi
 mode of operation in the system is streamsof do
uments.In the dis
ussion of the various attribute-oriented approa
hes dis
ussed abovesome advantages of this approa
h over traditional approa
hes in terms of sup-porting personal information management spe
i�
 issues have been pointed out.Although these approa
hes have di�eren
es the major aspe
ts and gains of theattribute-oriented approa
h are 
ommon. This means that the approa
hes ad-dress a set of 
ommon problem typi
ally identi�ed in traditional systems, su
h as,the desktop approa
h, hierar
hi
al-oriented systems, and personal information
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i�
 software.The essential di�eren
e 
ompared to traditional systems is that assigning ofany number of attributes typi
ally allows multiple ways in whi
h the informa-tion 
an be retrieved and used. Thereby information that 
an be re
alled fromhuman memory 
an be used in multiple ways in order to fa
ilitate the retrievalpro
ess in the systems. Multiple ways of organizing the information also fa-
ilitates information stru
tures evolving over time. In traditional approa
hessu
h as hierar
hi
al organized information it 
an be a 
omprehensive task toreorganize the information and information stru
tures. In the attribute-orientedapproa
h information may reside in multiple stru
tures and thus new informa-tion stru
tures 
an be 
reated over time. Therefore the information may also beused in di�erent 
ontexts depending on parti
ular task or proje
t.In �eld studies of the use of traditional �le systems it has been reported [BN95℄that users found that it was diÆ
ult to remember �le names, even the names of�les 
reated the same day, e.g. ephemeral �les. In some situations it is diÆ
ultfor users to 
ome up with a useful name for an information entity. There mightnot exist an obvious name for an information entity due to the nature of theparti
ular information (see also Se
tion 3.3 and 3.4.1). Attribute-oriented sys-tems typi
ally do not enfor
e any expli
it naming of information entities. Insteaddi�erent types of attributes are asso
iated with the information. This leads to ahigher degree of 
exibility and no need to expli
itly name an information entitywhen no obvious name is available.4.2.8 Asso
iative Approa
hHypermedia-based systems are shortly mentioned due to their widespread usetoday. The underlying data model of hypermedia systems expresses the inter-do
ument relationships as the basis for the information stru
ture. As su
h itis a relevant model to 
onsider for personal information management as well.Also implementations of hypermedia-based (e.g. web-based) personal informa-tion management systems exist.One the one side it may be fairly easy to learn and use the underlying navi-gation model of hypermedia-based systems, as it is fairly simple. However, userinterfa
es built on top of the model are not ne
essarily simple.
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lude web-based portal systems (e.g. Yahoo!). The portals typi
ally allow the user tomanage e-mails, address book, 
alendar, notes, to-dos, and a set of additionalservi
es. These may in
lude instant messaging, bookmarks, photos, news ser-vi
es, weather information, and more. Typi
ally the implementations of thesesystems are similar to those mentioned in Se
tion 4.2.1 where there may be littleintegration between the various information types. It may also be diÆ
ult toorganize related information of di�erent types together as the di�erent types ofinformation are a

essed and handled in a 
ompartmentalized way.An obvious advantage of this approa
h in terms of 
omputer-based personalinformation management is its availability and a

essibility. The informationis available through any ma
hine with a web browser and a 
onne
tion to theInternet. However, from a stri
t user interfa
e and intera
tion perspe
tive, theseapproa
hes are 
onstrained by the usability of the web and browsers as su
h,meaning sub-standard user interfa
es and intera
tion 
ompared to traditionalgraphi
al user interfa
es.The main point in terms of personal information management is the presen-tation of interlinked information. Stru
ture and organization of the informationis by a graph of interrelated information. But most hypermedia systems stillonly have one 
anoni
al view of the information entities [Nie95℄. As have beendis
ussed multiple views of information are relevant for personal information.Also di�erent information entities may be related and linked using the asso
ia-tive approa
h. Only some initial attempts have been made to develop personalinformation management systems based on su
h an asso
iative approa
h.4.2.9 Personal Digital AssistantsThe desktop and web paradigms represent the domination appli
ation user inter-fa
es of today for the stationary situation of use, su
h as, a desktop (or laptop)PC with a user sitting behind a display, using the keyboard and mouse as theinput. However, in the last de
ade Personal Digital Assistants (PDA's) havebe
ome popular and widespread also. A dire
t 
omparison is not appropriate,sin
e PDA's are handheld devi
es that often �t in a shirt po
ket and is meantfor a mobile situation of use.
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ally built around thenotion of personal information management. An example is the Palm-baseduser interfa
e, whi
h is tailor-made for personal information management [Ber00℄
ompared to modern desktop implementations. PDA's typi
ally support taskssu
h as keeping 
alendar information, address information, reminders, notes andmemos. Some PDA's support additional personal information management re-lated information, su
h as, e-mail and instant messages, expenses, et 
etera.These type of systems are typi
ally similar to those mentioned in Se
tion 4.2.1,however mobile information applian
es, su
h as, mobile phones and PDA's havelimited fun
tionality 
ompared to desktop systems, due to lower 
omputingpower, and limited input and output 
apabilities. Input is provided trough apen or a small-sized keyboard, and output through a display with smaller sizeand resolution. The situation of use is di�erent, as the user typi
ally holdingthe devi
e with one hand and operating it with the other (pen or keyboard).Generally these systems are targeted for a mobile situation of use, whi
h is of
ourse highly relevant aspe
t of personal information management too.4.3 Dis
ussionIn the previous se
tions a wide range of di�erent approa
hes to the supportof personal information management by means of an intera
tive systems havebeen dis
ussed. The approa
hes are somewhat di�erent and ea
h emphasize andaddress its own set of personal information management problems.The following se
tions point out some of the essential issues in personal infor-mation management and dis
uss to whi
h extent the di�erent approa
hes addressthese issues.4.3.1 Stru
ture Part of the Interfa
e or Part of the InformationThe organization of information is obviously one of the most essential issuesin personal information management, that is, how the user may stru
ture hispersonal information by means of a personal information management system.As dis
ussed in Se
tion 2.7 di�erent levels of organizational stru
ture is essential
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lasses of personal information typi
ally dealt with is stru
turedin di�erent ways. For instan
e the level of stru
ture applied to informationdepends of the use of the information.Both unstru
tured, semi-stru
tured, and formally stru
tured information 
anbe found in the way humans deal with and organize their personal information.Typi
al systems only in
lude an information organization s
heme that is basedon the hierar
hi
al stru
tured information. An example is email software appli
a-tions that allow the user to perform an organization of emails into a hierar
hi
alstru
ture only. This approa
h is suitable for formally stru
tured information,but is less suitable for less stru
tured information. Other approa
hes supportless stru
tured information, for instan
e the pile metaphor from apple [MSW92℄and some attribute-oriented approa
hes as well (as mentioned in Se
tion 4.2.7).One issue is the problem of varying levels of stru
ture. As mentioned theapproa
hes might allow more or less 
exible ways of organizing information atvarious levels of stru
ture. Some systems determine the stru
ture of informationas it is built into the system (the user interfa
e). The email software mentionedabove is an example of this approa
h. Other systems enable the user to de
idethe a
tual stru
ture of the information rather than the system.In traditional re
ord-oriented databases, su
h as relational databases, sys-tems developers are the ones that 
reate and 
hange the stru
ture of the database(rather than end-users). On
e de�ned a re
ord-oriented database has a stati
stru
ture into whi
h the user has to organize his information. A developer ratherthan an end-user of the system does 
hanges of the information stru
ture as su
h.As has been dis
ussed previously personal information management is 
hara
-terized by information that is sometimes poorly stru
tured and in an ad ho
manner [Mal83℄ [KKB+90℄. As su
h the 
ontext and stru
ture of personal infor-mation is likely to evolve and therefore 
hange over time. Many of the traditionalsystems mentioned in Se
tion 4.2 are in
exible in this way as the end-users arerestri
ted by the stru
ture available in the system. Some systems require that asystems developer is 
apable of adapting the database to 
urrent needs. Othersystems allow end-user to adapt the stru
ture of the information over time asthe 
ontext of the information and the stru
ture need to 
hange [KKB+90℄.The general issue is whether the information stru
ture is part of the userinterfa
e of a parti
ular system or the information stru
ture is a part of the
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ontent).Another example of the �rst type is hierar
hi
al-based organization, whi
h issomewhat in
exible as the stru
ture is enfor
ed by the user interfa
e of systemsbased on this approa
h. For instan
e �le systems where the stru
ture is aninherent part of the user interfa
e rather than the information itself. The usertypi
ally has no other option than to organize the information (e.g. �les) into thehierar
hi
al stru
ture provided by the user interfa
e. Even if the information tobe organized is not of a hierar
hi
al nature it still has to �t into that parti
ularinformation stru
ture. Thus the stru
ture is part of the user interfa
e and less
exibility is left to the user in terms of information organization.In the latter approa
h the information stru
ture is part of the informationitself. This means that the stru
ture of the information is determined by the userby whatever means is available in a parti
ular system. This means a higher levelof 
exibility is provided for the user to organize the information. In this 
ase thestru
ture be
omes part of the information itself rather than being predeterminedby a parti
ular system.Table 4.1 provides an overview of the approa
hes previously dis
ussed andindi
ations of the information organization approa
h used in the parti
ular sys-tems.4.3.2 Ephemeral, Working, and Ar
hived InformationAnother essential personal information management issue di�erent levels of in-tera
tion with personal information. This issue is related to the issue of variouslevels of stru
turing of the information dis
ussed in the previous se
tion.As dis
ussed in Se
tion 2.7 three 
lasses of information or levels of intera
tionhas been identi�ed in studies of personal information management. This hasbeen identi�ed in both physi
al oÆ
e environments and in the use of intera
tivesystems for personal information management. However, the level of support forthese di�erent types of information varies widely in existing personal informationmanagement approa
hes.The support of ar
hived information has re
eived a lot of attention in bothresear
h and existing systems, su
h as information retrieval and database systems
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ture Stru
turepart of 
ontent part of the interfa
eLifestreams Entities have Time-based stru
tureasso
iated attributesHaysta
k Colle
tions formed by propertiesasso
iated with obje
tsPla
eless Colle
tions formed by attributesDo
uments asso
iated with do
umentsLotus Items have 
ategory attributesAgenda and user-de�ned viewsPAD++ Organization is de
ided bythe user (in the spatial layout)Desktop Hierar
hi
al�le stru
turePalm OS Prede�ned
alendar and listsTable 4.1: Information stru
ture in �ve di�erent approa
hes that support per-sonal information management1) Information stru
ture is part of 
ontent, or 2) information stru
ture is partof the user interfa
e of the systemfor long-term storage (ar
hiving) of information. All approa
hes dis
ussed aboveprovide support for ar
hiving information and aim to fa
ilitate the pro
ess ofar
hiving information for later retrieval. The me
hanisms to a
hieve this aim aredi�erent in terms of hierar
hi
al-based system, temporal ordered information, orspatial arranged information. For instan
e desktop-based systems with the �ling
abinet metaphor also primarily provide support for ar
hived information, andless support of the other levels of intera
tion.Working information is 
hara
terized as a
tive information that is being usedas part of ongoing a
tivities, and therefore the information must be easily a
-
essible in the immediate information environment. This level of intera
tion hassome level of support in personal information management systems. For instan
e
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h provides multiple open windows that provide multiple si-multaneous views of a
tive information. This enables multiple 
on
urrent a

esspoints to working information, and an analogy to a physi
al desk with multi-ple personal do
uments used as part of an ongoing a
tivity. Another way thesupport is a
hieved is pla
ing a
tive information on the desktop. The desktopenvironment allows spatial layout of the a
tive information thereby providinga

ess through the immediately available environment. In the study by Barreauand Nardi [BN95℄ subje
ts reported that this 
lass of information was supportedsuÆ
iently in the desktop-based system used in the studies.Supporting ephemeral information has re
eived little attention in human 
om-puter intera
tion resear
h and in the design of personal information managementsystems a

ording to Nardi and Barreau [BN95℄. Among the di�erent levels ofintera
tion the primary la
k of support seems to be in the area of ephemeral in-formation. Espe
ially handling large quantities of ephemeral information is stillan issue that needs further resear
h. Ephemeral information is 
hara
terized asbeing unstru
tured, or semi-stru
tured and used in an ad ho
 manner. Currentsystems (e.g. �le systems) demand that information entities are provided with aname and stored into a hierar
hi
al stru
ture. This is not suitable for ephemeralinformation due to its 
hara
teristi
s. It must be easy and fast to get a pie
e ofephemeral information into a system, if it needs to be handled in the system. Ifa system requires multiple steps to 
reate a do
ument, provide a name, beforethe information 
an get into the system it would seem too troublesome to handlethis type of information.The support of the di�erent levels of intera
tion varies among the di�erentapproa
hes di�erent sets of personal information management problems are ad-dressed by the approa
hes. However, only limited studies have been 
arried outto in order to get an understanding of how the various levels of intera
tion aresupported in the di�erent approa
hes. Barreau and Nardi [BN95℄ have done someinitial observations in studies of �le organization using desktop-based systems.The level of support for the di�erent levels of intera
tion is quite di�erent in thegeneral approa
hes. This is due to the emphasis on di�erent aspe
ts of personalinformation management. Espe
ially ar
hived information has re
eived atten-tion. However, further resear
h is needed in order to establish an understandingof a
tual level of support in the di�erent approa
hes to personal informationmanagement.
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t of Approa
h on User StrategiesThe approa
hes to the support of personal information management 
onsideredin this 
hapter are di�erent and also address di�erent sets of problems. Theapproa
hes support di�erent aspe
ts of personal information management, whi
halso means that at some point there 
ould be impli
ations of the a
tual approa
hor system on the information organization and management strategies 
hosen bythe users. The question is to whi
h extend the system as su
h has impli
ationson the personal information management strategies.Fertig et al. [FFG96a℄ have argued that the tools available1 
ould stronglyin
uen
e and 
onstrain the �ling and organization strategies 
hosen by the sub-je
ts. They argue that some of the �ndings of Barreau and Nardi [BN95℄ areartifa
ts of the desktop and �le metaphor (hierar
hi
al �ling s
heme). However,similar �ndings to those of Barreau and Nardi have been reported from otherstudies of information organization [Mal83℄ [Col82℄ [Lan88℄.Nevertheless, the argument is relevant, as it seems to be a reasonable guessthat there would be in
uen
e from the supporting system on strategies 
hosen,espe
ially in terms of the 
onstraints of the system. Additionally the la
k ofsome features in an intera
tive system might in
uen
e the users to 
hoose non-optimal �ling strategies. For instan
e the relu
tan
e to use sear
h features mightbe 
aused by their ineÆ
ien
ies [BN95℄. Users might develop di�erent �ling pref-eren
es if the system implemented eÆ
ient indexing s
hemes, thereby drasti
allyredu
ing the sear
h response time. It is often faster to lo
ate a �le (do
ument)using modern web sear
h engines than �nding a �le using the standard sear
hme
hanism on modern desktop systems in terms of system response time.Fertig et al. [FFG96a℄ also question the preferen
e for and value of lo
ation-based sear
h in terms of the periods of time it is used. The way the infor-mation is used might 
hange over time. Therefore Fertig et al. suggests usingthe temporal dimension as the key to information ar
hival in their Lifestre-ams model. However, as have been dis
ussed information retrieval is not one-dimensional, but based on asso
iations with information of similar type, topi
,time or pla
e [FFG96a℄. It has been pointed out in several studies, that lo
ationis important for the reminding fun
tion, however, Fertig et al. suggests that the1Fertig et al. dis
uss �ling using desktop systems and hierar
hi
al �ling systems



104 CHAPTER 4. SYSTEMSobservations in the study by Barreau and Nardi might be a 
oping strategy sin
ethe systems studied did not o�er any better alternatives. It is 
onsidered an adho
 user 
onvention, whi
h has a number of potential problems. For instan
ethere is no guarantee that the user will a
tually be reminded and that it onlys
ales to a limited number of reminders, due to limited s
reen spa
e on typi
alsystems. Nevertheless, there are indi
ations from multiple studies that usersdo in fa
t use lo
ation as a reminding tool, in one way or another. This hasbeen identi�ed in both physi
al environments [Col82℄ [Mal83℄ and intera
tiveenvironments [BN95℄.A 
on
lusion from the study by Barreau and Nardi [BN95℄ was that subje
tswere relu
tant to ar
hive information. It is pointed out by Fertig et al. [FFG96a℄that this might be a 
onsequen
e of the systems used by the subje
ts in thestudy. The systems for
e users to 
ome up with a �ling s
heme, and organizeinformation (�les) into a hierar
hi
al stru
ture. As dis
ussed previously, this isa time 
onsuming and diÆ
ult task. The e�ort to 
reate the s
heme may ex
eedthe gain.Additionally the 
ontext in whi
h the information is used 
hanges over time.This might explain the relu
tan
e of the subje
ts to ar
hive their information.Barreau and Nardi [BN95℄ reported how subje
ts explain how they have de-veloped elaborate �ling s
hemes, but abandon using them sin
e it required toomu
h work to maintain and use them. It seems that an ar
hiving s
heme mayonly be suitable for a limited 
olle
tion of personal information; it does not s
alebeyond a 
ertain quantity of information or beyond a 
ertain time span. Eitherthe �ling s
heme need to evolve as the quantity of information in
reases, or this
ould happen over time as personal information needs 
hanges.4.3.4 Summary of Approa
hesThe number of issues involved in personal information management makes itquite 
omplex. The di�erent approa
hes have di�erent levels of support for thevarious issues involved. The previous 
hapters have provided an attempt to sum-marize the essential issues involved in personal information management and thehuman 
ognitive issues involved. In this 
hapter the issues have been dis
ussed interms of di�erent system approa
hes to personal information management. Ea
h
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h typi
ally emphasizes its own set of features in terms of supporting andfa
ilitating personal information management.In the desktop environment ea
h appli
ation allows the user to 
reate andedit a �le, but with no notion of the 
ontext in whi
h the �le is used. The�les are organization into a hierar
hi
al �le system, and the user must 
reatea 
lassi�
ation s
heme, and naming of �les. Additionally, the user 
an use thedesktop as a spatial pla
eholder for i
ons that are referen
es to �les in the �lesystem. Thus the model 
an be regarded as being a hybrid hierar
hi
al, spatial,and semanti
 (naming/identifying) information stru
ture. Reminding is typi
allysupported by means of leaving information in spe
i�
 lo
ations, su
h as thedesktop or in the email inbox [ABC98℄.The Lifestreams approa
h addresses the problems of naming and organizing,as all do
uments are automati
ally temporally organized with the bene�t of noneed to expli
it name or organize do
uments. The emphasis is on temporallystru
tured information, and as a 
onsequen
e relies on the ability to retrieveinformation by establishing an earlier 
ontext by means of re
alling the temporal
ontext of the information.Spatial approa
hes, su
h as zoomable interfa
es utilize the human spatialmemory 
apabilities and a spatial oriented way of organizing information. Theseapproa
hes also address the problems of expli
it naming of information entities.However, a potential problem is that information may only reside in one physi
allo
ation, when it may belong to multiple 
ontexts and groups of information.Simply 
opying the information to multiple lo
ations introdu
es other problems,su
h as keeping all 
opies up to date.Spe
ialized tailor-made user interfa
e for personal information managementfor handheld devi
es su
h as Palm devi
es. The information stru
ture is basedon one-dimensional (one level) 
ategories, as ea
h information entity 
an beasso
iated with exa
tly one 
ategory.The addition of piling 
apabilities into existing systems, adds the 
apabilitiesof semi-stru
tured information whi
h otherwise has little support in hierar
hi
alinformation ar
hiving systems. This approa
h also avoids expli
it naming ofinformation entities.



106 CHAPTER 4. SYSTEMSAttribute-oriented approa
hes su
h as the ones found in Lotus Agenda, Pla
e-less do
uments, and Haysta
k, emphasize the di�erent levels of stru
ture of per-sonal information. It allows unstru
tured, semi-stru
tured, and formally stru
-tured information. The information stru
ture is based on a one-to-many rela-tionship between information entities and asso
iated attributes. Su
h approa
hesallow the stru
ture to 
hange over time, and multiple organizations of the sameinformation.Table 4.3, 4.2 and 4.4 provide an overview of issues involved and indi
ate thesupport provided in the di�erent general approa
hes to the support of personalinformation management that has been identi�ed in the resear
h of the area.4.4 SummaryGiven the human 
apabilities, su
h as memory 
apabilities, the 
hallenge is to
onstru
t systems so that they support the spe
i�
s of personal informationmanagement. Based on what 
an be re
alled from memory intent is expressed.This 
an be to organize, retrieve or otherwise use information kept in an externalrepresentation. The problem is to express this intent based on re
all of personalinformation, and easily map it to a
tions that are useful in order to organize,retrieve or use information in the external representation.As dis
ussed in the previous 
hapter the humans are 
apable of re
allinginformation along many di�erent dimensions. However, as seen in this 
haptermany 
urrent approa
hes to personal information management only allow a �xedand limited way of a

essing and organizing information. This for
es a transfor-mation of what the human is 
apable of re
alling about the information into aspe
i�
 format or request in the system that holds the external representationof the personal information.Often humans are 
apable of expressing a lot more about their (personal)information than 
an be mapped dire
tly onto an external representation of thatinformation in a system that aims to support and fa
ilitate personal informationmanagement. A 
hallenge is this gap between expressed intent by the humanand whi
h 
ues 
an be used to organizing, retrieve and use information in anexternal representation of that information.



4.4. SUMMARY 107In addition the issues involved in personal information management are quite
omplex, as it involves di�erent 
lasses of information, with di�erent levels of in-tera
tion, organized in di�erent ways, and where information use and informationstru
tures are likely to 
hange over time. This means that personal informationmanagement systems need to support a diversity of a
tivities and diversity inways the information is handled. The di�erent approa
hes to the support ofpersonal information management dis
ussed ea
h emphasize di�erent aspe
ts ofpersonal information management and therefore also provide di�erent levels ofsupport of the issues involved.Some problems identi�ed in 
urrent systems 
an be as
ribed to the fa
t thatthe information environment of present day is somewhat di�erent from the infor-mation environment these systems and approa
hes were designed to deal with.The dis
ussion of personal information management support in Se
tion 4.2.1brie
y mentioned the issue that personal information environments are 
hangingas more ele
troni
 information is used as part of daily a
tivities. This in
ludesinformation types su
h as e-mails, bookmarks, and ele
troni
 do
uments.Originally the desktop metaphor of the Xerox Star [JRV+89℄ and Apple Ma
-intosh was meant to do oÆ
e automation and provide an easy understandable andqui
kly learned user interfa
e. It is based on a do
ument-oriented informationapproa
h mapping existing oÆ
es pra
ti
es to the desktop system supportingtasks and appli
ations su
h as word pro
essing. The hardware of that time wasonly 
apable of storing a smaller quantity of do
uments on lo
al hard drives. Fewappli
ations available ea
h with few 
ommands made the available informationand fun
tionality manageable. Today systems based on the desktop metaphorare used to support personal information management [BN95℄ although thatwas not the primary aim. The user interfa
e therefore supports handling do
-uments that 
an be printed, rather than fo
us on the spe
i�
 issues involvedin personal information management. Su
h systems designed as �ling 
abinetsand for printed do
uments does not address issues su
h as piling information, orephemeral notes, or tagging and dog-ear information.
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hanges that have o

urred in
lude:� The number of di�erent appli
ations has in
reased� The fun
tionality in terms of the number of 
ommands in ea
h new appli-
ation version has in
reased� The types of di�erent information has in
reased (e.g. multimedia 
ontent)� The quantity of information handled has in
reased� Conne
tion to networked resour
es has 
ontributed drasti
ally to the in-
reased quantity of information available� Communi
ation through intera
tive systems (e.g. email and instant mes-saging)� The number of di�erent information applian
es used to support informa-tion management has in
reased yielding a more 
omplex environment ofdevi
es and information repositoriesThese 
hanges have lead to an in
reasing volume and variety of the ephemeraland working information that the user must potentially manage.The approa
hes dis
ussed in this 
hapter provide di�erent levels of supportof the aspe
ts and a
tivities involved in personal information management. It isa 
onsiderable 
hallenge for systems to support this diversity of aspe
ts and a
-tivities involved in personal information management. In several studies withinthe �eld of personal information management there is an agreement on a 
allfor better tools for the support of personal information management. Espe
iallyfor the support of the in
reasing volumes and variety of ephemeral and work-ing information have been pointed out [BN95℄ [FFG96a℄ as this has re
eivedless resear
h attention. Moreover as the 
omplexity of the information envi-ronment, available information, and types of information in
reases the need fora fundamental understanding of the pro
esses involved in personal informationmanagement in
reases. This understanding 
ould potentially provide the basisneeded in order to provide su
h tools.



Approa
h Metaphor Informa{ Organization Naming of Informationtion of informa{ information a

ess andentity tion entities entities entryLife{ Diary Do
u{ Temporal No { Externalstreams or ments streams attributes appli{pile 
an be 
ationsasso
iatedHaysta
k None Obje
ts Views { No { Integratedproperties properties in viewsasso
iated asso
iatedPla
eless None Do
u{ Colle
tions No { ExternalDo
u{ ments attributes attributes appli{ments asso
iated asso
iated 
ationsLotus None Items List in No { IntegratedAgenda user{ attributes in viewsde�ned 
an beviews asso
iatedPAD++ "Spatial" Do
u{ Spatial No Externalments appli{
ationsDesktop Desktop Files Hierar
hi
al Files and ExternalDo
u{ �le system folders appli{ments have names 
ationsPalm OS None Entries Appli
ation No { one Through(text) spe
i�
 
ategory "appli{(lists) 
an be 
ations"asso
iatedTable 4.2: An overview of properties in di�erent intera
tive systems that supportpersonal information management1) The metaphor the system (user interfa
e) is based on, 2) The informationunit of work, 3) The organizational prin
iple for information entities,4) Naming of the information entities, if any, and 5) How information a

essand entry is provided
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h Spatial Temporal Information Findinginformation information 
lassi�
ation informationorganization organization by 
ontentLifestreams By the Files ordered Asso
iated Sear
h featuretemporal by time in attributes over entire setdimension "streams" of do
umentsHaysta
k Spatial layout Views ordered Asso
iated Sear
hof information by time properties fa
ilitiesviewsPla
eless Yes No Asso
iated Spatial andDo
uments attributes in 
olle
tionsLotus No Entries Items 
an Sear
h featureAgenda ordered by have a
ross entiretime (view) multiple
ategories(1) set of entitiesPAD++ Yes No { only if Levels in Sear
h spatialtemporally spatial layoutordered by organizationthe userDesktop I
ons on the Sort Files in Sear
h folders,desktop folders by folders �le system,time hierar
hy or drivesPalm OS No Impli
it in Entries are Sear
h feature
alendar assigned a
ross entireonly only one set of entities
ategory(2)Table 4.3: Information entity properties in �ve di�erent approa
hes to the sup-port of personal information management(1) The 
ategories in Agenda are organized in a hierar
hy. An item asso
iatedwith a 
ategory is also automati
ally asso
iated with the parent 
ategory.(2) The 
ategories in the Palm OS are appli
ation spe
i�
. This means that the
alendar has one set of 
ategories and the address book has a di�erent set.Thus the user has to maintain multiple parallel 
ategory sets.
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Proje
t Spa{ Tem{ Attri{ Hier{ Graph Unstru
{tial poral butes ar
hy Graph turedLifestreams (+) + + { { (+)Haysta
k + (+) + ? ? ?Pla
eless do
uments + { + (+) (+) (+)Lotus Agenda { (+) + { { (+)PAD++ + { { (+) { +"Pile" metaphor (+) (+) { { { +Desktop systems + { { + (+) (+)File System { (+) { + (+) {Palm OS { { (+) { { {Table 4.4: Types of information organization supported by di�erent approa
hes+ supported, (+) partly supported, { unsupported,and ? indi
ates that is it un
lear to what extent it is supported





Chapter 5Uni�
ationThis 
hapter extends the dis
ussion of support of personal information manage-ment to in
lude user interfa
e and intera
tion spe
i�
 issues. This dis
ussionin
ludes user interfa
e and intera
tion oriented problems that have been identi-�ed in studies of personal information management and that have impli
ationsfor the support of personal information management.The previous 
hapter dis
ussed how the di�erent existing personal informa-tion management systems provide di�erent levels of support for the issues in-volved in personal information management as su
h. From a user interfa
e andintera
tion perspe
tive it is dis
ussed how it has been observed that humans
ome up with di�erent 
oping strategies in order to 
arry out their a
tivities andmanage their personal information. This in
ludes interesting observations of un-intended use of the systems in order to obtain the needed support of personalinformation management related a
tivities.Prior resear
h of personal information management in
ludes studies of infor-mation organization pra
ti
es in di�erent domains and resear
h of di�erent exist-ing and novel systems that aim to address di�erent issues in personal informationmanagement. Often these studies fo
us on some kind of improvement for a singlespe
i�
 information type. For instan
e there have been studies of enhan
ementsfor email management [BDHS03℄ or bookmark management [RCL+98℄.Although personal information involves many di�erent types of information113



114 CHAPTER 5. UNIFICATIONand a
tivities few studies have taken a general integrated approa
h to personalinformation management. Although some types of information might be han-dled in an isolated way di�erent types of personal information is often handledtogether by humans. However, as dis
ussed in the previous 
hapter not all per-sonal information management systems enable su
h 
ombination, aggregation,or inter
onne
tion of disparate but related information entities. Su
h personalinformation in
ludes mail/messaging (asyn
hronous and syn
hronous 
ommu-ni
ation), to-do items (priority of tasks), 
alendar information (temporal-basedinformation), addresses, do
uments, et 
etera. Rather some systems have a 
om-partmentalized way of supporting these di�erent types of information. Ea
h ofthese has di�erent modes of operation, whi
h makes it diÆ
ult to 
ombine andorganize related information. Moreover it means that users have to learn anduse multiple modes of operations depending on the information at hand, eventhough the way the information is management is identi
al (e.g. in a hierar
hi
alstru
ture).A simple example of in
onsistent a

ess to related or similar information insystem is in the way 
urrent systems enable a

ess to information that is kept ina lo
al system versus the way in whi
h information is a

essed when it is lo
atedremotely on a server. For instan
e 
urrent systems provide a desktop and �lesystem for a

essing lo
al information, while for instan
e the webbrowser is usedto a

ess remote information. Therefore the user experien
e is two di�erentmodels to support information from di�erent lo
ations, even though essentiallythe same information is retrieved. As su
h two di�erent metaphors are living sideby side to do essentially the same [Der01℄. For example Raskin has suggested auni�ed user interfa
e to lo
al as well as remote information (available through anetwork) [Ras00℄.Finally, as mentioned in the previous 
hapter, 
urrent systems are used fora 
onsiderably larger variation of fun
tionality, appli
ations, servi
es and infor-mation. The kind of information that is handled with 
omputers are no longerlimited to text do
uments, but now in
lude spreadsheets, images, e-mails, notes,
alendar entries, bookmarks, sound, video, and other appli
ation spe
i�
 infor-mation. In addition network delivered 
ontent drasti
ally in
reases the quantityof information that needs to be managed by humans. However, the same under-lying model is still used as the basis for information management { even if thenumbers mentioned above have in
reased drasti
ally.



5.1. USAGE OF EXISTING SYSTEMS 1155.1 Usage of Existing SystemsStudies of personal information management have identi�ed problems in 
urrentsystems and that existing personal information management systems do notaddress the 
omplexity, variety of information, and a
tivities in personal envi-ronments. Additionally some interesting examples of unintended use of systemsand strategies used to 
ope with limited support of individual style or pra
ti
eshave been observed.5.1.1 Use of Email SystemsThere have been some interesting �ndings in studies of the use of email. Onesu
h �nding is that some users prefer to use their email system as a 
entralrepository and manage a large subset of their personal information through theemail system. In these 
ases the email system has be
ome the main tool forpersonal information management. This means that they use the appli
ation formore than just sending, re
eiving, and organizing e-mails. For instan
e they alsouse it for keeping reminders, task management [Ma
88℄, do
ument management,and ar
hiving [WS96℄. Some also use the email system to keep bookmarks towebpages and other material [JBD01℄.These �ndings have lead to resear
h that have tried di�erent improvementsof email systems in order to enhan
e the support of these various types of infor-mation and a
tivities. A re
ent example is the Taskmaster approa
h [BDHS03℄.The 
ombination of the di�erent types of information and a
tivities in the sametool is an indi
ation that messaging, task management, to-do items, and otherinformation is used together as part of the daily a
tivities, and therefore nat-urally put together in the same 
ontext. This indi
ates a need to keep relatedinformation "in one pla
e" and having "a 
entral point of a

ess", that is, thepossibility of interrelating and organization of personal information a
ross in-formation types in the same information stru
tures. Therefore it also seemsinsuÆ
ient to improve a

ess and support for only one 
ontent type when per-sonal information management involves a variety of di�erent information typesthat are used together and a
ross di�erent daily a
tivities.



116 CHAPTER 5. UNIFICATION5.1.2 Keeping BookmarksAnother interesting �nding is from observations of keeping bookmarks to web-pages [ABC98℄. Typi
al webbrowsers have a built in feature that allow users tokeep bookmarks to a webpage for later retrieval. Typi
ally the URL, the titleof the webpage, and the date of retrieval are stored with the bookmark, andthis information item is typi
ally kept in a hierar
hi
al information stru
ture inthe webbrowser. This feature has been spe
i�
ally designed to support users inkeep tra
k of webpages. Due to the hierar
hi
al stru
ture a problem is that asthe number of bookmarks in
reases beyond a 
ertain level it be
omes diÆ
ultto manage the bookmarks and less eÆ
ient to �nd bookmarks among the oth-ers. Empiri
al studies have shown that users do not generally use the bookmarkfeatures in webbrowsers at all [JBD01℄. The primary reason being that the book-mark system does not �t into the tasks that are being 
arried out. This meansthat the bookmark feature does not store bookmarks in the 
ontext in whi
hthey are used. As an example a bookmark does not serve as a reminder if putinto the bookmark system as the users will have to expli
itly visit the bookmarksystem to obtain su
h reminders.Parti
ipants in studies of the use of bookmarks [JBD01℄ used a wide varietyof di�erent strategies in order to keep su
h information, and make use of it withother information and as part of other a
tivities. For instan
e ad ho
 methodswere used to 
ope with the la
k of the reminding feature. I situations wherereminding was needed parti
ipants would instead e-mail a bookmark to them-selves or leave an i
on on the desktop to serve as a reminder. Many additionalstrategies have been identi�ed in empiri
al studies of bookmark management.Examples of strategies in
lude:� Storing bookmarks in do
uments� Printing pages� E-mailing bookmarks to them selves� Storing bookmarks as short
uts in �le stru
ture� Storing bookmarks as short
uts on desktop



5.1. USAGE OF EXISTING SYSTEMS 117� Storing bookmark in personal website� Using bookmark feature in web browser� Typing in the referen
e dire
tlyThe examples of non-use of a feature that have been designed spe
i�
ally toserve the purpose of keeping tra
k of webpages indi
ates that it 
learly does notful�ll this needs of the parti
ipants. The information is used in a 
ontext andthe bookmarks systems in the studies did not allow the parti
ipants to managebookmarks in the 
ontext in whi
h they were used. This explains the varietyof 
oping strategies observed that allowed them to manage and use bookmarksin the 
ontext of use. In the example where parti
ipants send bookmarks tothemselves in an email enable them to have 
ontextual information with thebookmark, and then the bookmark (in the shape of an email) serves a remindingfun
tion.Other studies indi
ate that the same set of problems exists whether usersorganize do
uments, emails or bookmarks into a hierar
hi
al stru
ture [WS96℄[JBD01℄.5.1.3 Multiple Parallel Stru
turesA somewhat related �nding is the result of studies 
arried out by Boardman[Boa01℄. A number of subje
ts were interviewed about their information �lingpra
ti
es, and in parti
ular their development of information hierar
hies. It wasobserved that some parti
ipants used similar 
ategorization s
hemes and hadsimilar information stru
tures in multiple distin
t appli
ations. As an examplethey would have same hierar
hi
al information stru
ture in the �le system and e-mail folders. This means that the di�erent information hierar
hies in the personalinformation spa
e had similar stru
tures in terms of 
ategory overlap, for instan
ein management of email and do
uments. The 
ategories were overlapping as
ategory labels were based on proje
ts and roles. It suggests that one s
hememay be used a
ross the entire set of information types.In order to keep su
h multiple stru
tures the problem is that users mustperform many equivalent tasks in di�erent appli
ations multiple times in order



118 CHAPTER 5. UNIFICATIONto manually keep the multiple stru
tures 
onsistent and up-to-date a
ross thedi�erent appli
ations. This is needed in order to organize the di�erent types ofinformation used into the same (parallel) stru
tures. Besides managing parallelstru
tures and keeping them up-to-date, ea
h appli
ation may have in
onsistent
ommands that operate on the information hierar
hy. The suggestion in thestudy is that this manual maintenan
e of multiple parallel information stru
tureshould somehow be automated in the system.Boardman [Boa01℄ developed a solution where the information stru
turesare automati
ally updated by the system a
ross di�erent appli
ations. Meaningthe system makes sure that the system uses the same information stru
ture indi�erent appli
ations. For instan
e the hierar
hi
al information stru
ture is thesame for organizing emails, bookmarks, and �les in the �le system. Althoughthis approa
h address the problem of manually updating and keeping a similarinformation stru
ture a
ross appli
ation domains, it still does not address theissue that information is kept in di�erent 
ompartmentalized areas in the system.As su
h the system does not allow the user to store information of di�erent typesinto the same information stru
ture, as emails are kept in one part of the systemand bookmarks in another. The approa
h only allows the hierar
hi
al stru
tureas su
h to be kept the same a
ross these di�erent parts of the system.5.2 ModalityExisting systems often have multiple modalities and modes of operations, whi
hlead to 
onfusion and that users have to learn multiple sets of 
ommands tomanage information a
ross di�erent 
ompartments of the system. Even thoughthe underlying type of information management is the same a
ross di�erentappli
ations in desktop-based system still di�erent 
ommands sets have to beused.5.2.1 Di�erent ContextsAs su
h the problems of performing personal information management and re-trieval show up in a number of di�erent 
ontexts. To a large extent the problems
an be 
onsidered to be equivalent, as the same problems of information man-



5.2. MODALITY 119agement and retrieval are found in di�erent 
ontexts in the tasks performed byusers of 
urrent systems. Even though the information entity types are di�erentthe same set of problem apply in information management in di�erent situations.Some typi
al examples from the desktop environment in
lude:� Managing �les (do
uments) in a hierar
hi
al �le system� Managing e-mails in an e-mail program (with hierar
hi
al folder stru
ture)� Managing bookmarks to webpages in webbrowsers (in hierar
hi
al stru
-ture)These systems are 
ommon in that they typi
ally allow management of appli-
ation spe
i�
 information only and therefore not managing and relating di�erenttypes of information. This is in spite of the fa
t that ea
h system uses the sameunderlying approa
h for information organization { a hierar
hi
al informationstru
ture. The previous 
hapters have already dis
ussed the potential problemssu
h as the 
ognitive burden put on the user to re
olle
t where the informationis lo
ated in the stru
ture. The additional problem is the 
ompartmentalizedway of supporting these di�erent types of information.Even though these information entities are of di�erent type the problem of
ategorization or pla
ement in a hierar
hi
al stru
ture are the same [WS96℄[JBD01℄. It has to be done in in
onsistent ways even though the user per-forms similar tasks. This is 
aused by the hierar
hies being managed in multipledistin
t appli
ations. Ea
h appli
ation has its own way of implementing the hi-erar
hy and 
ommands to use it. This means in
onsisten
y in the user interfa
eenvironment, thus making it diÆ
ult to learn and remember to use. Non-uni�ed
ommands and in
onsisten
y leads to additional 
ognitive burden for the user,due to the extra e�ort learning a di�erent way of navigation and using parts ofsystem based on the information types.5.2.2 Overlapping Fun
tionalityModern implementations of the WIMP model typi
ally make available more thana handful of overlapping fun
tionality in the appli
ations domains. For instan
e
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ally available in di�erent parts of the system. E.g. there areeditors in word pro
essor, e-mail appli
ation, spreadsheet, presentation program,notes, et 
etera. This requires the user to edit and manage personal text informa-tion in di�erent in
onsistent ways depending on the appli
ation used. Thereforedi�erent modes of operation exist in the user interfa
e, that is, di�erent waysto do 
on
eptually the same thing (in this 
ase editing text). An advantageis that there may be needs for tailoring fun
tionality and available 
ommandsfor spe
i�
 situation of use. However, the disadvantage is that the user has tolearn and remember multiple ways to basi
ally do the same thing a
ross di�erentappli
ations.There is only limited uni�
ation of 
ommands in desktop systems. Designerstry to a
hieve it by having design guidelines. If followed the purpose is to leadto greater level of 
onsisten
y in the user experien
e { even when using a setof di�erent appli
ations from di�erent appli
ation vendors. Assigning the sameshort 
uts { assigning menu items to the same lo
ation, and generally aim forsimilar menu stru
tures. In
onsisten
ies are inevitable in pra
ti
e with di�erentvendors of software appli
ations.Figure 5.1 shows a Venn diagram illustrating the overlap of 
ommands intypi
al desktop appli
ations, su
h as, (a) word-pro
essing, (b) spreadsheet, and(
) graphi
s presentation. Spe
i�
ally the 
ommands dealing with the manage-ment of information entities are 
ommon among the di�erent appli
ations. Theinformation dealt with by the appli
ation is organized in a 
ommon informationstru
ture. As mentioned in the previous se
tion there are di�erent 
ompartmentshandling the di�erent information types using di�erent sets of 
ommands.
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Application A
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Figure 5.1: Illustration of overlapping fun
tionality in typi
al desktop appli
a-tions5.2.3 Modes and Consisten
yThe operations that apply on a hierar
hi
al information stru
ture are essentiallythe same a
ross di�erent information types. Su
h 
ommon operations in
lude:� Create or delete an information item� Create or delete a node� Move information item or node (subtree)� Expand or 
ollapse part of the stru
ture



122 CHAPTER 5. UNIFICATIONDi�erent systems typi
ally use di�erent 
ommands with di�erent names inorder to perform these fundamental operations on the hierar
hy. This means thatthe user has to learn and use di�erent sets of 
ommands that fundamentally dothe same. For instan
e one set of 
ommands in the email system, another formanaging do
uments, and yet another to manage bookmarks.Creating, deleting, moving, rearranging information entities are 
on
eptuallythe same operations, independent of the appli
ations used. It is the same setof basi
 
ommands available in the di�erent appli
ations or modes. Lo
ation of
ommands in menu, and keyboard short
uts for those 
ommands is what 
anmake the user interfa
e 
onsistent. Su
h 
onsisten
y is not a guarantee. It isonly the 
ase if designers of the systems have followed a set of user interfa
eguidelines.In
onsisten
ies may lead to 
onfusion and mistakes. As the user interfa
e mayalso be in di�erent modes the user need to be aware of whi
h mode is the 
urrentmode of operation. Otherwise this may 
ause mistakes and unintentional 
hangesof information. The di�erent modes in the user interfa
e may 
ause diÆ
ultiesfor the user during use. Also the user will need additional e�ort to learn thedi�erent modes of operation as multiple sets of 
ommands are used.One potential advantage of the 
ompartmentalized approa
h where fun
tion-ality are separated is that it makes it easy to visually distinguish di�erent "ap-pli
ations" and information types, sin
e the presentation of information may bedi�erent due to the di�erent modes or appli
ations. There is a 
lear mapping ofinformation types to appli
ations, whi
h means that it is 
lear to the user thatemails are found in one 
ompartment and do
uments in another 
ompartmentof the system.As mentioned above the disadvantages of the approa
h is that it makes itdiÆ
ult to learn and use several di�erent modes of operation. Users need to beaware of the mode, whi
h means less attention to the a
tual task being 
arriedout. Additionally the separation and multiple modes of operations may lead to
onfusion and possible mistakes.Related information 
annot be 
ombined in the 
ontext of use. From apersonal information management perspe
tive the 
ompartmentalized approa
hmight be hindering natural ways of 
ombining and aggregating related informa-tion entities. Also in di�erent 
ontexts of use information may need di�erent



5.2. MODALITY 123levels of formality in organization. Thus information entities may naturally ap-pear as part of di�erent organizations depending on the situation of use. Forinstan
e an email may serve as a reminder, or may be part of a
tive ongoingtasks, or may be ar
hived for later retrieval.5.2.4 Granularity of Information UnitsIn Se
tion 2.8.1 it was mentioned that the unit of work identi�ed in the studyby Malone of paper-based personal information management in an oÆ
e envi-ronment [Mal83℄ were �les and piles. Both help 
olle
ting groups of elementsinto larger units. Files are expli
itly titled and arranged by some 
riteria. Pilesare not arranged in a systemati
 way, why their spatial lo
ation is importantfor �nding. This approa
h has been partly mapped to desktop-based systems,whi
h have �les and folders.These abstra
tions represent levels of information granularity that are usedin the systems. Thus the information units are the unit of work in the system.The level of granularity of information units has impli
ations for the 
exibilityof management and use of the information in a system.Desktop-based systems have 
ourse-grained information granularity in theshape of �les that represent appli
ation spe
i�
 information units, e.g. do
u-ments. Thus ea
h information unit 
ontains a spe
i�
 type of information thatis represented in a spe
i�
 way. It may 
ontain a 
omplex information stru
turethat 
an only be managed and organized in an appli
ation spe
i�
 way wherethe appli
ation has a prede�ned stru
ture for the information. This means thatthe stru
ture is de�ned by the system in advan
e rather than being de�ned ororganized by the user of the information (see Se
tion 4.3.1 information part ofthe stru
ture or part of the interfa
e).This 
ourse-grained pro
essing of information (�les) in desktop-based systemshave impli
ations for the way in whi
h information is organized in su
h systems.The underlying model is information pro
essing of a �le that serves as input, anappli
ation doing pro
essing of that �le, whi
h �nally generate output of a �le.This means information is retrieved from a �le stru
ture, pro
essed, and thenstored into the stru
ture. Thus the basi
 metaphor, that is, the simulation ofpro
essing of do
uments in an oÆ
e. This approa
h has limited support of per-



124 CHAPTER 5. UNIFICATIONsonal information management in terms of the variety of ephemeral and workinginformation where unstru
tured and semi-stru
tured organization is preferred.The expli
it appli
ation 
ommands for loading and saving of �les from and intothe �le system may be in
onvenient for this type of information. For instan
eRaskin [Ras00℄ argues that no user interfa
es should ask the user to expli
itlyperform a "save" 
ommand. The system should automati
ally persist the userswork so that he does not have to think about it. Modern designs as for instan
ein the Palm Operating System [Ber00℄ has altogether abandoned expli
it usera
tions for saving information, thus proving by example that it is not needed inmodern user interfa
e designs.

Figure 5.2: Illustration of systems with 
oarse and �ne information granularityIn the �rst information elements are parts of larger stru
tures (e.g. spe
i�
system-de�ned stru
tures). The other system has �ne information granularitywhere di�erent �ne granularity information entities 
an be organized inarbitrary information stru
turesAdditionally intera
tion based on su
h 
ourse-grained granularity of informa-tion units may lead to information and fun
tionality being 
ompartmentalized asdes
ribed in the previous subse
tion. The problems in
lude di�erent informationunits in the system having di�erent behavior and need to be used in di�erentways due to di�erent and perhaps in
onsistent modes of operation. In terms ofpersonal information this problem is illustrated in spe
i�
 personal informationmanagement systems where di�erent information types are organized and used
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ompartments of the system. This imposes a set of limitations tothe way in whi
h information 
an be organized and used. Additionally there arelimitations to the 
exibility in terms of information stru
tures. Figure 5.2 illus-trates the di�eren
es in the approa
hes. It also illustrates the di�eren
e betweeninformation stru
ture being part of the user interfa
e versus being part of theinformation, as dis
ussed in Se
tion 4.3.1.5.3 Spe
i�
 versus Generi
 ToolsThe issue of granularity of information is related to the issue whether generi
or spe
i�
 tools provide the best support for user a
tivities, su
h as personalinformation management related a
tivities.5.3.1 Flexibility in Information Entry and UseMany personal information management software appli
ations typi
ally in
ludepersonal information management fun
tionality su
h as, 
alendar, 
onta
ts, to-do, notes, messages, et 
etera. These di�erent fun
tional aspe
ts are sometimesintegrated in terms of linking related information. However, information anduser interfa
e is often 
ompartmentalized, as ea
h information type is handled ina di�erent way as dis
ussed above. Also when 
reating an information item, theuser has to de
ide in advan
e of "whi
h type" the information is. An informationitem may start out as a brief note, but may turn into a to-do item, an e-mail, andso on. Therefore it may also be used in di�erent 
ontexts, and the informationitem may be part of multiple information stru
tures.In the physi
al world you 
ould take a blank pie
e of paper, and you do nothave de
ide a priori what you are going to write on in or use it for. It maybe for writing a brief note for a shopping list or to do list. It is 
exible as it
an 
ontain anything and 
ombinations of personal information that is neededto support a user task. Additionally it is easy to write annotations anywhereon the papers, for instan
e in a 
alendar system. Entering information into anintera
tive system, means that perhaps �elds of data have been de
ided in a�xed format, and the type of data in the �elds are de
ided too. This providesless 
exibility 
ompared to a paper-based system.
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lude:� An e-mail re
eived 
ould 
ontain 
omments to a proje
t proposal, why itis not only an e-mail, but also has relevan
e as notes to a proje
t.� An e-mail re
eived may in
lude the s
heduling of a meeting. Thus theinformation may be turned into a 
alendar item in
luding the meetingagenda, and the persons parti
ipating in the meeting.� An e-mail re
eived may in
lude information about a work task to be 
arriedout. Thus the information may be turned into a reminder of a task to do.In all the examples above the information originate from an e-mail re
eived(
ommuni
ation), and exemplify how su
h information may turn into other typesof personal information, whi
h are related to di�erent a
tivities. The observa-tions from paper-based support of personal information management and theseexamples indi
ate that di�erent fun
tionality and ways of organizing the infor-mation is important in order to provide the 
exibility needed in order to supportthe variety of information and pro
esses involved in personal information man-agement.5.3.2 Example: Unix PipeliningAn example of a system that provides a high level of 
exibility in terms of
ombining fun
tionality and allowing the user to manipulate information in 
ex-ible ways is 
ommand shells of UNIX-based operating systems. Spe
i�
ally thes
ripting and so-
alled "pipelining" 
apabilities provide this 
exibility. Pipelin-ing enables the user to "pipe" information streams between di�erent programsin order to obtain a goal. Input from a �le 
an be piped as input to a program.The output from that program 
an be piped as input to yet another program orwritten to a �le. A simple illustrative example is shown below:
at input | sort | uniq > outputIt uses the �le input as the input, piping it to the sort 
ommand thatalphabeti
ally sorts all lines from the input. Then the sorted data is sent to
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ommand that removes dupli
ate lines and �nally the result of thatpro
ess is written to a �le 
alled output. In this trivial example three di�erenttools (
ommands) are 
ombined to a
hieve the goal. Ea
h tool 
an be used in
ombination with any other tools available in the system. If the user needs toperform this spe
i�
 
ombination of 
ommands often they 
an be written intoa s
ript. That makes a user-de�ned 
ommand available in the system that 
anbe used like any other 
ommand available. If repetitive tasks are needed they
an also be written into a s
ript. However, as mentioned above this kind of userinterfa
e requires that the user is willing to invest the 
onsiderable time neededto learn the 
ommands available in order for the user interfa
e to be
ome eÆ
ientto the user and for the user to a
hieve this level of 
exibility in the user interfa
e.Ea
h 
ommand typi
ally has many parameters, whi
h are not easy to remember,if not used often. UNIX operating systems typi
ally 
ontain a fairly large setof su
h low granularity tools that 
an do spe
i�
 transformations of the input.A reason why this model is very useful is that the data type is typi
ally textonly. A sequen
e of text lines is the standard data format used. Even thoughthe model as su
h is simple it is powerful, but not targeted for the average user.Even though the UNIX 
ommand and pipeline paradigm is very e�e
tive ishas re
eived 
ritique be
ause of the 
rypti
 
ommand names, and syntax, whi
his very hard to learn and use [Nor81℄. However, for the narrow domain of users,su
h as programmers and developers, it is widely popular for the eÆ
ien
y. Itis in
luded as an illustrative example of the di�eren
es between a spe
i�
 and ageneri
 approa
h to information handling and use.Another advantage of this approa
h is that it enables easy repeatable tasks,whereas for instan
e the desktop approa
h is insuÆ
ient in handling repetitivetasks. Approa
hes that address this issue and add the 
apability to desktopsystems has been resear
hed [Cyp91℄ and [Lie98℄. In their approa
hes agentsmonitor the system and tries to automati
ally dete
t intera
tion patterns.5.3.3 Studies of User Preferen
esNardi and Johnson [NJ94℄ [JN96℄ have 
arried out ethnographi
 studies of userpreferen
e for task-spe
i�
 versus generi
 appli
ations. The resear
h was basedon interviews with people who used di�erent software tools to prepare presen-



128 CHAPTER 5. UNIFICATIONtation slides. It was studies how well the di�erent tools supported the variousaspe
ts of the task of 
reating presentation slides. This issue of task-spe
i�
or generi
 appli
ations for the support of user tasks is relevant in 
ontext ofpersonal information management as well. As mentioned above some personalinformation management systems are spe
i�
 tools that support a spe
i�
 subsetof personal information (
alendar, to-do items, addresses). Others are generi
systems that enable management of personal information (for instan
e spatialoriented systems). However, only few studies of user preferen
es for spe
i�
 orgeneri
 support of a
tivities exist.One of the 
on
lusions of the study by Nardi and Johnson is that it is ex-tremely diÆ
ult to develop software that supports all aspe
ts of tasks well [JN96℄.They suggest, "an alternative to task-spe
i�
 programs is a modular 
olle
tionof independent interoperable servi
es supporting small subtasks" [NJ94℄. A setof small interoperable tools instead of task-spe
i�
 appli
ations 
ould be advan-tageous for the support of user tasks. The suggestion is that with small servi
esthe user 
an �nd and 
ombine the on
e that �t the task at hand. The highly in-dividual strategies that have been observed in personal information managementstudies would also support this 
on
lusion. Finding a task-spe
i�
 appli
ationthat dire
tly maps to individual work pra
ti
es is not likely. It must also betaken into a

ount that many fa
tors determine the preferen
e for one type ofsystem over the other. Su
h fa
tors in
lude usability, user skills, frequen
y ofuse, available time, teamwork, and 
ompany poli
y. Therefore the �ndings inthe study by Nardi and Johnson naturally depend su
h situations of use. If auser 
arries out a task infrequently this may in
uen
e the preferen
e for the typeof tool that supports the task.In addition to this 
on
lusion we note that an important aspe
t not addressedby Nardi and Johnson is the ability to support 
hanges in tasks over time, whi
his highly relevant to the support of personal information management. In that
ase the task-spe
i�
 appli
ations has to be 
hanged. This depends on the 
us-tomization possible in the spe
i�
 appli
ations, whi
h often is not possible. Somesoftware appli
ations allow the user to tailor the appli
ation to some degree, forinstan
e in terms of an appli
ation s
ripting language or by installing appli
a-tion plug-ins. Su
h fa
ilities are often non-trivial and thus targeted at advan
edusers rather than the average user of the system. Nevertheless these observa-tions support further the 
on
lusion of the study that a modular 
olle
tion of
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ould be advantageous in the support of task dynami
s and
hange over time.5.3.4 De
omposing Available Fun
tionalityMaking available a 
olle
tion of �ne granularity interoperable tools 
an be 
onsid-ered a de
omposition of the available fun
tionality in existing systems. Su
h a de-
omposed user interfa
e providing �ne granularity servi
es a
ross a system has re-
eived some resear
hed attention, for instan
e CyberDesk [DAW98a℄ [DAW98a℄,Views [Pem92℄, Humane interfa
es [Ras00℄ and Servi
es [App01℄ approa
hes.In these approa
hes modular servi
e fun
tionality is made available a
ross anentire system. Pemberton [Pem92℄ des
ribes the "Views" proje
t that addressedthe problem of "barrier" introdu
ed by appli
ations, and a pilot prototype ofthe "Views" approa
h was implemented in the proje
t. Another approa
h wasresear
hed in the CyberDesk proje
t [DAW98a℄ [DAW98a℄, and other resear
hby [NMW98℄, and [PK97℄. The approa
h is to bridge appli
ations by makingavailable 
ommands a
ross the appli
ations in the system. An information entityof a 
ertain type (e.g. text) inside one appli
ation 
ould potentially be handledby a number of other appli
ations in the system. The te
hnique is that appli-
ations announ
e their 
apabilities { the information types 
an operate on { tothe rest of the system. The announ
ed fun
tionality is therefore made availablein appli
ations and the user 
an apply the fun
tionality in a suitable 
ontext.In a sense the underlying idea is similar to the Unix 
ommands and pipeliningfeature dis
ussed in Se
tion 5.3.2. The Apple Ma
 OS X also has a so-
alledservi
es ar
hite
ture [App01℄ that allow appli
ations to announ
e their fun
tion-ality as servi
es { the input that they are 
apable of handling { to the rest of thesystem. These servi
es are made available through a spe
i�
 "Servi
es" menuin all appli
ations that support the servi
es ar
hite
ture. The user 
an add hisown servi
es through the use of s
ripting language.A simple example of su
h fun
tionality is the user marking a pie
e of textin an appli
ation. The pie
e of text in
ludes an address and a phone number.The user then invokes a 
ommand to add the address and phone number to hisaddress book, or lookup the address on a map.
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hes aim to glue appli
ations together, and in a sense simulatinga 
olle
tion of smaller granularity tools as dis
ussed in the previous se
tion. Ad-ditionally to address the problems that modes introdu
e in appli
ation-orienteduser interfa
es. Nevertheless, appli
ations are still the point of a

ess to informa-tion. Raskin [Ras00℄ has suggested a design of a generi
 system entirely withoutappli
ations as su
h. In his system the available fun
tionality is de
omposed,leading to a set of smaller granularity fun
tionality. The aim is a greater levelof 
onsisten
y, sin
e ea
h fun
tion or 
ommand is available on
e and applies ev-erywhere in the system and is operated the same way a
ross the entire system.The aim is also to ease learning and fa
ilitate habit formation, as the 
ommandsin the system 
an be applied for text everywhere in the system, and the way the
ommand is invoked is done in the same way everywhere in the system.Besides being bene�
ial from a stri
t usability point of view, su
h approa
h
ould provide additional support of personal information management in terms ofhigher level of 
exibility in the organization and use of personal information. Theinformation organization and use in the di�erent 
ontexts relevant to a
tivities.5.3.5 Noun-Verb versus Verb-Noun Type Intera
tionAnother issue that has impli
ations for personal information management is thetype of intera
tion in the user interfa
e. That is, whether the user interfa
es usesnoun-verb-based intera
tion or verb-noun-type intera
tion. In this 
ontext thenoun is an information item in the user interfa
e and the verb is as an a
tionthat 
an be applied to that obje
t. Systems may use one or both of these typesof intera
tion. For instan
e 
hanging the typefa
e for a paragraph in a do
ument
an be done both ways:� Verb-noun approa
h: Choose the 
hange font 
ommand (the verb) andthen apply it to the paragraph (the noun).� Noun-verb approa
h: Choose the paragraph (the noun) and then apply the
hange font 
ommand (the verb)In personal information management where di�erent types of information isused together and interrelated the verb-noun approa
h would seem inappropri-ate. This type of intera
tion introdu
es problems su
h as di�erent modes of
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e guidelines re
ommend noun-verb based inter-a
tion [Ras00℄. The approa
h requires the user to 
hoose a spe
i�
 fun
tion orappli
ation �rst and then use and manage information relating to that fun
tionor appli
ation. In personal information management the primary interest wouldappear to be the information as su
h (noun) and the organization and use ofthat information. The noun-verb approa
h would require the user to 
hoose theinformation �rst and available 
ommands to that information in order to use ororganize the information.Di�erent approa
hes dis
ussed are also di�erent in terms of the type of inter-a
tion. Lifestreams [FFG96b℄ and spatial-oriented systems like PAD++ [BH94℄use noun-verb based intera
tion. First the information is 
hosen from a streamor the spatial environment, and then 
ommands are applied to the informa-tion. Approa
hes su
h as spe
i�
 personal information management softwareare typi
ally verb-noun oriented as the spe
i�
 area (e.g. 
alendar or addresses)is a

essed and then the spe
i�
 information (noun) is lo
ated and used withinthat area (verb).5.4 SummaryIn the previous 
hapters the variety of aspe
ts in personal information manage-ment was dis
ussed (Chapter 2) in
luding 
ognitive issue (Chapter 3). That is,the 
ognitive 
apabilities that must be 
onsidered in order to provide support ofpersonal information management. Existing approa
hes to support and fa
ili-tate personal information management has been dis
ussed (Chapter 4) in
ludingthe levels of support for the various aspe
ts identi�ed. The dis
ussion has pro-vided 
ritique of existing approa
hes in terms of supporting di�erent aspe
ts ofpersonal information management. Some of these issues in
lude:� Flexibility in stru
turing and organization of information� Supporting unstru
tured, semi-stru
tured, and formally stru
tured infor-mation� Di�erent 
lasses of information or levels of intera
tion: ephemeral, working,and ar
hived information



132 CHAPTER 5. UNIFICATION� Reminding� Finding and retrieval of information� Views of the same information in suitable 
ontext� Flexibility in information types used togetherThis 
hapter has extended the dis
ussion of support of personal informa-tion management with fo
us on user interfa
e and intera
tion spe
i�
 issues.This means issues that have impli
ations for the support of personal informationmanagement. The dis
ussion has in
luded user interfa
e and intera
tion orientedproblems that have been identi�ed in studies of human 
omputer intera
tion andpersonal information management.The problems indi
ate that existing approa
hes are insuÆ
ient in supportingthe issues involved in personal information management in terms of informationorganized in task-spe
i�
 and 
ompartmentalized ways. It also indi
ates thatan approa
h where the organization of information and available fun
tionally isuni�ed a
ross the variety of information types is relevant to 
onsider as it mayprovide a higher level of support of personal information management.



Chapter 6ModelsPersonal information management is a 
omplex area. It involves di�erent typesof information used at di�erent levels of intera
tion for a number of di�erentpurposes. Also the individual strategies used in order to manage personal in-formation are highly varying. This means that many aspe
ts must be takeninto a

ount in systems, whi
h aims to provide suitable support of personal in-formation management. In the previous 
hapters it was dis
ussed how di�erentapproa
hes have been tried out in the last 
ouple of de
ades, both in the resear
hand 
ommer
ial spa
e.A 
hallenge for intera
tive personal information management systems is to�nd suitable models on whi
h su
h systems 
an be based. The models mustbe 
apable of 
apturing the aspe
ts of personal information, the ways in whi
husers intera
t with and manage their information, and the way in whi
h it isstored and organized and later retrieved. Thus an aim is to 
apture the set offundamental issues relevant to personal information management.This 
hapter dis
usses su
h models at three di�erent levels, that is, mod-els on whi
h personal information management systems may be based. Thisin
ludes the 
on
eptual model of personal information management, the inter-a
tion model, and the data model on whi
h a system is based.These dis
ussions lead to an attribute-oriented model based on �ndings instudies of personal information management and di�erent approa
hes to per-133



134 CHAPTER 6. MODELSsonal information management, whi
h aim to address the issues identi�ed in theprevious 
hapters. The purpose of the model is to serve as a foundation forintera
tion personal information management systems, whi
h provide supportfor the variety of and disparate information used in personal information man-agement. Finally the impli
ations of the model in terms of supporting personalinformation management are dis
ussed.6.1 Models at Di�erent LevelsProviding support for of personal information in intera
tive systems involvesissues at di�erent levels, in
luding:� Con
eptual model { the underlying understanding of issues involved inpersonal information management on whi
h a system is based� Intera
tive model { the way in whi
h users intera
t with and navigate theinformation available in a system� Data model { how the a
tual information is represented and stru
tured ina systemEa
h of these models has impli
ations for the level of support obtained inpersonal information management in intera
tive systems. Also there is an inter-relation of the models, meaning that for instan
e the data model have impli
a-tions for the intera
tive model used, and the 
on
eptual model have impli
ationsfor the data model used.6.1.1 Con
eptual ModelsFirst and foremost at the 
on
eptual level is an understanding of the underlying
omplex issues involved in personal information management are paramount.This in
ludes the variety of personal information and the variety of ways inwhi
h it is dealt with in order to support daily a
tivities. It must take intoa

ount the human memory and spe
i�
ally the way in whi
h humans re
allinformation. This also in
ludes the varying level of stru
ture of the information
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h personal information management isperformed. These issues have been dis
ussed in Chapter 2 and Chapter 3.Existing systems have addressed these issues in di�erent ways and emphasizeddi�erent aspe
ts of the 
omplex set of issues involved in personal informationmanagement, as dis
ussed in Chapter 4. Some approa
hes have primarily ad-dressed personal information management as a matter of ar
hiving information,and with less 
onsideration to the levels of information that in
ludes ephemeraland working information [BN95℄. Thus the 
omplexity of personal informationmanagement is addressed in di�erent ways in the existing systems. Typi
allythe systems under 
onsideration have only addressed a subset of the issues men-tioned.The systems under 
onsideration are built on di�erent 
on
eptual models ofpersonal information management. This means the understanding of the aspe
tspersonal information management on whi
h the model is based. When personalinformation management is understood as a matter of providing support forar
hived information the model falls short in terms of addressing the 
omplexityof issues involved.Some systems tend to fo
us on spe
i�
 tasks, whereas others try to providea generi
 framework for information management. The task-spe
i�
 approa
hesare appropriate where user tasks map easily to the tasks that are supportedin the system. However, the studies of personal information management haveshown that humans typi
ally 
reate 
oping strategies or adapt their tasks orstrategies to �t the available system, in order to deal with the la
k of supportof tasks they need to perform. For instan
e by using the systems in unintendedways [ABC98℄.As dis
ussed in Chapter 4 existing systems are based on di�erent 
on
ep-tual models. To mention a few examples desktop-based systems [JRV+89℄ arebased on a metaphori
al approa
h using do
uments, a �ling 
abinet, and appli-
ations. Lifestreams [FFG96b℄ uses a diary metaphor with time-based streamsof do
uments. Systems su
h as PAD++ [BH94℄ utilize a spatial metaphor forthe organization of do
uments, images, et 
etera. Ea
h of these approa
hes thushave a set of underlying assumptions about the issues involved in personal in-formation management whi
h is re
e
ted in the 
on
eptual model of the system.This has impli
ations for the level of support of personal information manage-



136 CHAPTER 6. MODELSment obtained in the systems. Again it should be kept in mind that some ofthese systems were not 
reated to support personal information management assu
h originally.6.1.2 Intera
tion ModelsAnother level that is relevant to 
onsider in terms of the support of personalinformation management is the intera
tion model. That is, the way in whi
husers may intera
t with and navigate the information in a system.Existing systems dis
ussed previously also have di�erent intera
tion models.Some proje
ts have tried out di�erent ways of visualizing information in orderto provide a better overview of the information 
ontained in a system. Somemodels fo
us on a spe
i�
 property of the information on whi
h the 
on
eptualmodel is based, for instan
e information organized on a temporal basis.The systems mentioned above provide examples of di�erent intera
tion mod-els. Desktop systems [JRV+89℄ provide a set of appli
ations and the desktop,whi
h provides ways to navigate and manage information. In Lifestreams theuser navigates streams of do
uments with a small set of operations [Fre97℄. Inspatial oriented systems su
h as PAD++ [BH94℄ the user navigates a virtualspa
e in order to manage and retrieve information. Ea
h of these intera
tionapproa
hes has advantages and disadvantages in terms of providing support forpersonal information management, as dis
ussed in Chapter 4.One issue is whether the approa
h is task-spe
i�
 or generi
 in terms of per-sonal information management support. As an example desktop-based systemshave appli
ations that are general su
h as word pro
essing, spreadsheets, anddrawing. These typi
ally do not map to the tasks that people perform, su
h as,writing a letter, a report, or a note, whi
h may involve other information andfun
tionality as well. Thus the tasks performed by humans are more 
omplexthan simply word pro
essing. The writing of a report may need the in
orpo-rating of information of many di�erent types and from other sour
es. Although
urrent software appli
ations are powerful in terms of available 
ommands theymay la
k the support of the information and fun
tionality needed for any giventask [Nor98℄.
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ially for personal information management this is a 
ru
ial issue. Ithas been argued that the variety of information involved in personal informationmanagement is used in di�erent ways a
ross information types and fun
tionalityand 
ombined in 
exible ways. Thus task-spe
i�
 
on
eptual models may seemless appropriate as the underlying model for personal information management.6.1.3 Data ModelsFinally the data model on whi
h a system is based is 
ru
ial for the support ofpersonal information management. The data model in
ludes the s
hemes andmethods by whi
h information is stored and organized. Also the data modelsin existing systems are quite di�erent and naturally have impli
ations for theway in whi
h systems based upon the model 
an provide support for personalinformation management.The data model must support a wide variety of information types, a
tivities,and organization methods. Based on the �ndings in studies of personal infor-mation management espe
ially support for unstru
tured and semi-stru
turedinformation is required to support organization and management of personal in-formation. Additionally 
exibility in the model is needed to support informationstru
tures that evolve over time.Traditional systems have a tenden
y to provide �xed information s
hemes.For instan
e spe
i�
 personal information management software appli
ations pro-vide spe
i�
 types of information, su
h as 
alendar items, 
onta
ts, and to-doitems ea
h with prede�ned and �xed information stru
tures. Users must �t theirinformation into these �xed and prede�ned s
hemes, whi
h leaves little 
exibility.Su
h approa
hes may also prevent evolvable information stru
tures.Database systems also provide stati
 stru
tures in the sense that 
hangesto underlying tables and data stru
tures is done by a developer of the systemrather than an end-user of the system. Thus 
hanges to underlying program
ode is needed in order to support new or 
hanging stru
tures and s
hemes,whi
h provides little 
exibility in terms of information organization. Stru
turesthat are stati
 do not provide support for the dynami
, 
hanging, and evolvinginformation (types) typi
ally relevant in personal information management. Ahigher level of 
exibility in the model is needed in order to provide better support
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hapters it was dis
ussed how hierar
hi
al information stru
-tures is a 
ommon way of supporting information management in intera
tivesystem. For instan
e it is 
ommon in desktop-based systems, as well as in email,bookmark, and do
ument organization systems. There is a tenden
y to requireinformation to be organized in a hierar
hi
al stru
ture whether the informationnaturally �t into a hierar
hi
al organization or not. Thereby humans have toadapt their pra
ti
es to the stru
tures enfor
ed by the systems. For instan
eephemeral and working information mentioned does not need su
h an informa-tion stru
ture. Hierar
hi
al information organization does not support theseaspe
ts of personal information management in a suitable way. This has beenobserved in studies where subje
ts tended to 
ome up with various strategiesin order to 
ope with the la
k of support of some aspe
ts of personal informa-tion management [BN95℄. Additionally su
h systems typi
ally only allow theinformation to be put in exa
tly one pla
e even though it may belong in severalpla
es in the information stru
ture.Hypermedia based systems have provided more 
exibility in terms of infor-mation organization. Su
h systems typi
ally provide a graph of inter
onne
tednodes with no root or information stru
ture provided a priori. Thus it providesa higher level of 
exibility in that any node in the system 
an referen
e any othernode. This also means that information stru
ture may evolve over time, as newinformation may be linked into the existing information, and existing nodes 
anbe 
hanged to referen
e new information and new stru
tures. However, multipleorganizations of the same information are not supported dire
tly { only in thesense that ea
h node 
an have multiple links. This means an information entitymay have referen
es to multiple information entities.6.1.4 Summary of IssuesIn order for intera
tive systems to support and fa
ilitate personal informationmanagement modeling at several levels are relevant to 
onsider, as illustrated inFigure 6.1. At the 
on
eptual level is the understanding of issues involved, atthe intera
tion level is the intera
tion and navigation of information and at thedata level is the representation and stru
ture of information.
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Figure 6.1: Di�erent levels of issues in support of personal information manage-ment, 
on
eptual level, intera
tion level, and data levelOne of the most prominent problems in existing systems is the data models onwhi
h these systems are built. As mentioned above the hierar
hi
al informationstru
ture is widespread as the basis for personal information management sys-tems su
h as email, bookmark, do
ument management, and general �le systems.Traditional systems tend to use su
h �xed data models having some kind of pre-de�ned information stru
ture (su
h as hierar
hi
al stru
ture). Su
h data modelapproa
hes are in
exible in terms of 
omplying the spe
i�
s needs in support ofpersonal information management. They may serve di�erent needs and enableother types of appli
ations, but they have short
omings in terms of supportingsome aspe
ts of personal information management in an eÆ
ient way. Personalinformation management system needs to support a high level of 
exibility interms of how the information in stru
tured in the system, as semi-stru
turedand unstru
tured information must be available as well. Some personal informa-tion is 
reated and used on an ad-ho
 basis, whi
h requires more 
exibility than



140 CHAPTER 6. MODELSexisting s
hemes may provide in an eÆ
ient way.Pre-de�ned information stru
tures and s
hemes 
an be observed in systemswith �xed appli
ations, whi
h maps to tasks domains. These systems often haveprede�ned data s
hemes, whi
h means that they only a

ept �xed data elements.The immediate impli
ation of su
h �xed system and model is that the user ofthe system has to adapt his personal work task or information need to that ofthe system or map it to the stru
tures supported by the system. More 
exibilityis needed due to 
hanges over time, the information usage, or the 
ontext of useevolving over time.The way in whi
h systems are designed and engineered today makes themuneasy to adapt to new or 
hanging demands. Changing requirements means
hanging the underlying stru
ture of the systems. This implies 
hanges to thes
hemes, whi
h is sometimes not possible at run-time. It means updating datas
hemes and 
ompiling program 
ode in order to 
hange a system to supportdi�erent information stru
tures and work tasks, whi
h is not easily done. Thisis espe
ially diÆ
ult if not impossible for the end-user of the system.Some of issues mentioned above 
an be summarized as follows:� Observing the 
omplexity of issues in personal information management.� Supporting unstru
tured and semi-stru
tured information and ephemeraland working information.� Hierar
hi
al organization of information leaves little 
exibility, is fairlystati
, and allows only one pla
e to put an information items.� Need to keep a s
heme, but the use and organization of information 
hangesover time.� Naming and identi�
ation of information items is not always easy to do,or even relevant to do.� Adapting systems to 
hanging requirements and new information typesand stru
tures is not easily done in 
urrent systems.
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h resear
hed in this proje
t involves an attribute-oriented modelon whi
h personal information management systems 
an be based. The model
onsists of four key elements:� Information entity { the basi
 unit holding information� Attribute { an information entity related to another information entity
ontaining information (metadata) about the information entity� View { a 
olle
tion of information entities, that is, a subset of the infor-mation entities 
ontained in the system� A
tion { fun
tionality whi
h may be applied to entities, attributes, andviews (or any 
ombinations of these)The external representation of the information in the model is the repository,whi
h is the entire 
olle
tion of information entities (and attributes, views, anda
tions).Besides the four key elements the model have a few additional elements:� Template { an information entity with a set of default attributes asso
iated� Referen
e { an attribute whi
h 
ontains a referen
e to another informationentity� Rule { a de�nition of an a
tion to perform based on a set of 
onditions6.2.1 EntitiesInformation entities are the lowest granularity information unit in the model. Aninformation entity holds a body 
ontaining the information it 
arries. A simpleinformation entity 
an for instan
e hold a text string as shown below.("This is an example information entity")
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ribed as a 
olle
tion of informationentities. That is, the external representation of the information {the repository{is the entire 
olle
tion of information entities. As attributes, views, and a
tionsare spe
ial-
ase entities they are also in
luded in the 
olle
tion of entities in therepository.The repository 
an also be des
ribed as a multi-set of entities, in that, two(or more) entities 
an be identi
al (semanti
ally equal). However, all entitiesmay have a unique referen
e, and be uniquely referen
ed in the 
olle
tion.As seen above an entity may represent a simple pie
e of text. Other examplesof simple information entities in
lude:� Call Mi
hael about meeting� Birthday party the 5th� Remember to buy milkThe point is that the entity is information at a �ne level granularity, and thatthey may or may not have an internal stru
ture as su
h. Individuals 
an use andmanage many su
h information entities on a daily basis depending on personalstrategy and style.Information entities are not ne
essarily personal or private, but may in
ludeinformation that is of personal interest. For instan
e an entity 
ould hold a refer-en
e to a do
ument available on the World Wide Web that 
ontains informationof personal interest.6.2.2 AttributesAn attribute is an information entity that des
ribes or provides informationabout another information entity. Ea
h information entity has a set of attributesasso
iated. Thus attributes represent meta-data, that is, data that des
ribesother data (information entities). However, the asso
iated set of attributes maybe empty.Attributes themselves 
an be des
ribed as name/value pairs. Thus an entity
an have any number of su
h name/value pairs asso
iated. In
luding the infor-
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ription means that attributes 
an also be des
ribe inthe form (entity, name/value).As an example an entity representing a 
onta
t person, may have a numberof attributes (name/value pairs) asso
iated des
ribing the 
onta
t { the person:("e-mail address" / "john�doe")("address" / "First Street 1st")("zip" / "12345")Any number of attributes 
an be asso
iated to entities, thus the approa
h
an be des
ribed as a set asso
iated with the entity. Elements 
an be added andremoved from the set as needed.The example provided above also illustrates that the attributes form state-ments about an information entity. In the example above there is an informationentity representing a 
onta
t, whi
h has an asso
iated attribute { the name/valuepair e-mail address, and the 
ontent of the e-mail address.6.2.3 View Colle
tionsInformation entities 
an organized into any number of groups { 
olle
tions. Su
ha 
olle
tion of information entities in the model 
an be organized in di�erent waysbased on the attributes asso
iated. Based on 
riteria of sele
tion the information
olle
tion 
an be organized into a sub-
olle
tion of entities, that is, a subset ofthe entire multi-set of entities.A 
olle
tion of information entities is simply a subset of the entire set ofinformation entities (in the repository). A 
olle
tion is also referred to as a view,as it may provide di�erent views of the information entities in the repository.view = {entity 1, entity 2, ... , entity n}As mentioned above the attributes asso
iated with information entities 
anbe added and removed from the set asso
iated with an information entity. There-fore it is the asso
iated attributes that 
onstitute the stru
tures of informationentities in the repository, in terms of any number of de�ned 
olle
tions.
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e a 
olle
tion or view that should represent "e-mail addresses"from the repository 
ould be de�ned by the 
riterion in
luding all entities thathave an "e-mail address" attribute asso
iated. Thereby the 
olle
tion will hold aset of information entities that all have an e-mail address, and thereby establisha view of email addresses from the repository.The sele
tion 
riterion may be based on any attribute (name and value) or
ombination of attributes (name and value). This means views 
an be establishedon the basis of information entities having several attributes asso
iated, also thatthe value of attributes must meet a 
ertain 
riteria. For instan
e a view of Danishe-mail addresses 
ould be de�ned so that it would only in
lude e-mail addresses(with values) ending with ".dk".This approa
h enables the 
reation of any number of views of the informationentities in a repository, and for the information entities to be in
luded in multipleviews.6.2.4 A
tionsThe information entities and attributes represent the information that is in therepository (the entire set of information entities). The 
olle
tions de�ne di�erentways to view the information entities and attributes in the repository. The nextelement is a
tions that represent fun
tionality that may be applied to informationentities, attributes, and 
olle
tions of information entities (or any 
ombinationsof these) in the repository.Core a
tions in
lude the 
reation and deletion of information entities andattributes, and the 
reating or altering of 
olle
tion 
riteria, in order to 
reateor modify views of information.Further a
tions 
an be de�ned to allow a spe
i�
 fun
tionality to apply to
ertain information entities, attributes, or 
olle
tions by some 
riterion. Theapproa
h des
ribed here does not enfor
e information to be of any parti
ulartype, however, information entities having a given set of attributes asso
iatedmay be interpreted as having a type.
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e an information entity representing an e-mail typi
ally 
ould havethe following attributes (name/value pair) asso
iated:(sender / ...)(date / ...)(to / ...)(

 / ...)(subje
t/ ...)(body / ...)A
tions that apply for e-mail information may be de�ned so that they applyto information entities having some or all of the above listed attributes asso
i-ated. Su
h an a
tion 
ould be to send an e-mail to the address or addressesprovided by attributes providing the to and 

 of the e-mail. The a
tion 
ouldautomati
ally asso
iate sender and date attributes to the set of attributes. Inaddition it would for instan
e add an attribute indi
ating that the e-mail has besent, so that the information entity would be in
luded in a 
olle
tion de�ningsent e-mails.Thus a
tions 
an be de�ned so that they apply to information entities, at-tributes, and views based on a relevant 
riterion. A
tions may in
lude fun
tion-ality, that is, some manipulation of information entities, attributes or 
olle
tionsof entities. As there are no types of information as su
h a
tions apply a
ross theentire set of information in the system as long as the de�ned 
riterion is met.6.2.5 TemplatesTemplates are information entities with a number of default attributes asso
i-ated. Thus a template may hold an entity with or without 
ontent with a setof asso
iated attributes. This element allows for the 
onstru
tion of frequentlyused information entities and stru
tures.For example an information entity holding a reminder (a to-do item) 
ouldhave a template with the following attributes:(urgen
y / ...)(priority / ...)
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i-ations to attributes urgen
y and priority. In the example spe
i�
 attributenames are asso
iated and the attribute values are left blank. After 
reation bymeans of a template it is possible to �ll the information entity and attributes inorder to make it represent the needed information.As seen in the example in the previous se
tion an information entity holdingan e-mail would also have a set of default attributes. Su
h an e-mail template
ould serve the fun
tionality of 
reating a new e-mail message, and the examplea
tion mentioned above would provide the fun
tionality of sending the e-mail.6.2.6 Referen
esAs mentioned previously humans may deal with many information entities on adaily basis. Above information entities were des
ribed as �ne granularity infor-mation units, su
h as, a 
onta
t, an e-mail, a to-do item, et 
etera. However,it is also ne
essary to deal with higher granularity information units, su
h as,do
uments, reports, presentations, et 
etera. In that 
ase an information entitymay simple serve as a proxy for that information, in that it provide a referen
eto the information that may origin from another sour
e. The information entity
ould for instan
e hold a short summary of the information being referen
ed.The referen
e itself 
an be an attribute asso
iated with the information entity.The information entities 
an also referen
e other entities in the 
olle
tionof entities. A referen
e is an asso
iated attribute that holds a referen
e to aninformation entity. Thus ea
h entity 
an have any number of referen
es to otherentities in the repository. For instan
e an entity may have the following attributename/value pair asso
iated:(attribute name / entity 2)In this example entity 1 has an attribute that holds a referen
e to entity2. The attribute 
ould des
ribe the kind of referen
e, or simply indi
ate that itis a referen
e or link.This approa
h enables the information entities in the repository to have mul-tiple organizations and stru
tures, in
ludes di�erent types of information stru
-tures. Also note that entities are not required to have asso
iated attributes with
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es to other entities, thus enabling unstru
tured information entities inthe repository as well.6.2.7 RulesFinally rules de�ne a
tions to perform if some 
riteria are met. Based on the
ontent of the entities and the asso
iated attributes rules 
an be applied. A
tionsto perform in
lude:� Attributes added, removed, and/or 
hanged� Entities added, removed, and/or 
hanged� Views added, removed, and/or 
hangedFor instan
e if an information entity has asso
iated attributes subje
t and toit 
an a
t as an e-mail as des
ribed previously. Rules 
an be de�ned for di�erentpurposes, su
h as 
agging spe
i�
 information entities in terms of asso
iatingadditional attributes. In the 
ase of emails messages with a parti
ular subje
tor sender 
ould be 
agged (attribute added) indi
ating important.6.3 Impli
ations for PIMAs dis
ussed in Se
tion 6.1 di�erent models and 
on
epts have been 
hosen invarious personal information management systems. The 
hoi
e of underlyingmodels has impli
ations for the level of support that 
an be obtained in thesystem, or the set of aspe
ts addressed. Espe
ially there are impli
ations forthe way in whi
h information entities 
an be organized in terms of the availableelements in the models.The issue of di�erent data s
hemes has been emphasized as a problem in termsof supporting the variety of ways in whi
h personal information is organizedand managed. Fixed s
hemes and prede�ned stru
tures pose problems in termsof supporting the 
exibility and variety of information organizations found inpersonal information management.
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ussion of the impli
ations of the approa
h presented in the previousse
tion follows. It is emphasized how a set of the issues in personal informationmanagement is addressed by this approa
h in 
ontrast to existing approa
hesdis
ussed.6.3.1 Entities and AttributesInformation entities, attributes and 
olle
tions are the 
ore elements. Informa-tion entities are the basi
 units representing information. These informationunits may represent simple information elements su
h as a pie
e of text, a note,an appointment, a to-do item, et 
etera. This approa
h enables a �ne granularitya

ess to information. The information entities are identi
al in the sense thatinformation entities are not of any type. Information entities simply representan information unit regardless of the kind of information that it holds.Di�erent types of information are obtained in terms of the sets of attributesasso
iated with them. As seen in the examples in the previous se
tions this en-ables information entities to represent e-mails, to-do items, 
onta
ts, or any otherinformation. This depends on the attributes asso
iated. This also means that aninformation entity may represent information of di�erent types at the same time.For instan
e a bookmark 
an also serve as a reminder with the proper attributesasso
iated. Any attribute may be asso
iated with any information entity, whi
hprovides a high level of 
exibility of information use and management.Information entities may represent personal information or general informa-tion. E-mail is typi
ally personal (even though it 
ould have multiple re
ipients).Whereas a bookmark is a generi
 entity, that 
ould referen
e a publi
 informationunit. However, attributes asso
iated with su
h a bookmark 
ould be personal,if they represent personal interests of the parti
ular referen
e. For instan
e the
ontext in whi
h this bookmark is found to be useful or of interest to the indi-vidual.
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tions and Information Stru
turesInformation entities are organized into 
olle
tions, whi
h simply represent sub-sets of the entire set of information entities. The 
olle
tions are de�ned to in
ludethe information entities where the attributes asso
iated meet a 
ertain 
riteria.This approa
h has bene�ts in terms of providing additional 
exibility of informa-tion organization 
ompared to existing approa
hes as the model allows arbitraryrelationships among information entities. It 
an be argued that the model isuseful for the support of personal information management as the informationorganization allows a high level of 
exibility in terms of information stru
tures(unstru
tured, semi-stru
tured, and formally stru
tured).The model enables di�erent ways of navigating and retrieving informationentities available in the entire repository of information entities. Attributes pro-vide the basis for 
olle
tions and the attributes may form these 
olle
tions so thatthey have a parti
ular stru
ture. Di�erent attributes 
an be asso
iated with theinformation entities, whi
h may be used to 
reate di�erent views (visualizations)and stru
tures of the subsets of information entities. Su
h visualizations mayenhan
e the visual per
eption when re
e
ting an underlying stru
ture of theinformation. Di�erent stru
tures in
lude:� Temporal� Piles (or lists)� Hierar
hi
al� SpatialThis approa
h enables multiple ways of navigating and �nding information.The subsets of information entities 
an be overlapping, in order for an informa-tion entity to appear as part of di�erent information stru
tures, see Figure 6.2.As an example an information entity representing a person might appear in dif-ferent 
ontexts, e.g. as the sender of an e-mail, in an address book, on a list ofparti
ipants in a proje
t, et 
etera.
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Figure 6.2: Flexibility of information 
olle
tionsThe �gure provides an illustration of di�erent types of 
olle
tions ofinformation entities: linear/temporal stru
ture, hierar
hi
al stru
ture, andsemi-stru
ture, and two 
olle
tions that span a
ross the other 
olle
tions.o = information entity, and O = 
olle
tion / viewAdditionally the model does not enfor
e any spe
i�
 information stru
ture.The arbitrary relationships among information entities allow these 
olle
tionsto have stru
tures as those mentioned above, as information entities 
an begrouped and linked in arbitrary ways. This allows information to be organizedinto loosely stru
tured groups su
h as a set of information entities having aspe
i�
 attribute asso
iated (see the e-mail example in Se
tion 6.2.4 above).Another possibility is to have a 
olle
tion of information entities with temporalattributes and provide a temporal ordered 
olle
tion of information entities. Su
his naturally useful for 
alendar information and a diary oriented approa
h toinformation organization [FFG96b℄, [Rek99℄, and piling of information [MSW92℄.Spatial organization [BH94℄ is possible if attributes representing spatial lo
ationsis asso
iated. For additionally stru
tured information a 
olle
tion of informationentities may take the form of a hierar
hy, in that asso
iated attributes provideinformation for su
h a hierar
hi
al information stru
ture.
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ti
es may be supportedin terms of various ways of organizing and managing information. This in
ludesthe model providing the ability to support unstru
tured, semi-stru
tured, andformally stru
tured information. Thus it may provide support of both piling and�ling strategies of information management and organization [Mal83℄. This alsoforms a basis on whi
h to provide support of di�erent levels of intera
tion withinformation { ephemeral, working and ar
hived information. At least at the levelthat the various levels of stru
ture that 
hara
terize these levels of intera
tionsare supported by the model.6.3.3 Multiple Organization of Same Information EntityInformation entities may not be easily mapped into an information stru
ture.For instan
e there may be more than one possible lo
ation for an informationentity in a hierar
hi
al information stru
ture [Lan88℄ [Mal83℄. An informationentity may belong to di�erent 
ategories or 
lassi�
ations as it may be used andreferred to in di�erent 
ontexts of use.The model allows for information entities to by part of di�erent information
olle
tions, as illustrated in Figure 6.2 above. Thus there may be multiple viewsof the information entities (illustrated by the large 
ir
les in the �gure) and aninformation entity may appear in more than one. Therefore the model allowsmultiple organizations of the same information entity, in that it 
an be part ofdi�erent 
olle
tions, and therefore also di�erent information stru
tures.This also allows for multiple ways in whi
h an information entity may beretrieved in a system built on top of the model. An information entity may bepart of di�erent stru
tures that 
an be used as the basis for retrieval. Also theinformation entity may have multiple attributes asso
iated providing des
riptionsof the information may be used in the retrieval pro
ess. Potentially there aremultiple ways of fa
ilitating retrieval, and thus utilizing more dimensions ofhuman memory in the retrieval pro
ess [Lan88℄.Finally, similar information stru
tures may be used a
ross di�erent 
olle
-tions of information entities. As seen in some studies [Boa01℄ [Kwa89℄ subje
tsmaintain parallel information stru
tures a
ross di�erent types of information(e.g. e-mail and do
uments) relating them to parti
ular a
tivities or use. As the
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tions in terms of parti
ular information stru
turesit is possible to 
reate su
h parallel stru
tures. For instan
e in an organizationwith one 
olle
tion for ea
h type of information entity. However, as mentionedabove the model also allows di�erent information entities to be organized in thesame 
olle
tions. Using the example of e-mail and do
uments, meaning thatthose 
ould be organized into one 
olle
tion if needed.6.3.4 Identi�
ation of Information EntitiesAs dis
ussed above the model does not enfor
e any parti
ular information stru
-ture { no stru
ture is spe
i�ed a priori. The stru
tures are entirely formed by the
olle
tions determined by arbitrary attributes asso
iated with the informationentities.Another problem identi�ed in traditional information management systems,su
h as �le systems is the need for expli
it naming of information entities. Filesin �le systems need to have an expli
it name when 
reated. In some situa-tions it is diÆ
ult to provide a useful name, and humans tend to forget namesof �les [BN95℄. This parti
ular issue was addressed by the Lifestreams ap-proa
h [FFG96b℄, in terms of using temporal ordering by default. This modeldoes not enfor
e naming of information entities either, as the asso
iation of at-tributes to information entities is optional. The set of attributes may even beempty. This means that any attribute 
an be asso
iated with information entitiesproving di�erent types of des
riptive information about the information entities.This in
ludes temporal information, stru
tural information, identi�
ation infor-mation, referen
es, et 
etera. Thus it is possible to provide an attribute that
ontains a name if it is suitable for a parti
ular information entity. However, themodel does not require expli
it naming or identi�
ation of information entitiesThis approa
h aims at supporting both the piling and �ling strategies ofpersonal information management. When �ling information naming, identi�
a-tion, and parti
ular stru
turing of the information is typi
ally ne
essary. Theattributes support the possibility of using su
h a �ling strategy to organize infor-mation entities. When it 
omes to loosely and semi-stru
tured information, su
has piling information, it is often done by di�erent means. Information 
an justbe left in a "pile", and retrieved for instan
e by an impli
it temporal attribute.
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ation of the information entities would betroublesome and unne
essary.6.3.5 Changes Over Time { Evolving Information Stru
turesOne issue is that information may be used in di�erent 
ontexts meaning that mul-tiple organizations of the same information entity may be relevant, as dis
ussedabove. Another issue in personal information management is that informationstru
tures tend to evolve over time when the 
ontext in whi
h the person in-formation is used 
hanges over time. The 
onsequen
e is that information mayhave to be reorganized and restru
tured in order to re
e
t new situations of use.The underlying stru
ture may impose diÆ
ulties in terms of gradually 
hanginginformation stru
ture and use over time. Highly stru
tured information may bediÆ
ult and time-
onsuming to 
hange. For instan
e a reorganization of hierar-
hi
al stru
tured information may be extensive as the underlying 
lassi�
ationof information entities need to 
hange [Lan88℄. This 
ould potentially lead tothe reorganization of a 
onsiderable part of information entities in the stru
ture.Not all approa
hes to personal information management address this issue ofinformation a

retion and 
hanges over time.New a
tivities, situations, or 
ontext of use may have an e�e
t on informa-tion stru
tures, that is, 
ausing them to evolve over time. The attribute-orientedapproa
h may provide some level of support for information stru
tures to evolve.For instan
e by allowing multiple stru
tures of information entities. This meansthat the di�erent 
ontexts of use may be supported by asso
iation of suitableattributes, as dis
ussed above. However, the use of attributes enables stru
-tures to be gradually 
hanged or expanded, as it is possible to 
hange or addattributes over time. This makes it possible to add new 
olle
tions or modifyexisting 
olle
tions of information entities to 
reate new views of informationentities. Thereby having them support new 
ontexts of use. By 
hanging at-tributes asso
iated with an information entity it may in
lude the entity in orex
lude the entity from a 
olle
tion. Thus a 
olle
tion may 
hange over time, asinformation is 
hanged or new information re
eived.Nevertheless, the problems of evolving stru
tures are also in
uen
ed by the
hoi
e of information stru
ture. If the attributes are used to 
onstru
t a hier-
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hi
al information stru
ture it does not 
hange the fa
t that reorganizationof a hierar
hi
al stru
ture 
an be 
umbersome if extensive 
hanges to the un-derlying 
lassi�
ation of information needs to be 
arried out. Unless a
tualimplementations of the model provide fa
ilities that fa
ilitate the reorganizationof information stru
tures at the level of intera
tion the model is only advanta-geous be
ause it allows multiple organizations of information. Nevertheless, asstudies of personal information management indi
ate, hierar
hi
al organizationof information is mostly used for long-term ar
hived information, making it lessuseful for frequently 
hanging information or situations of use.6.3.6 RemindingIt has been emphasized that reminding is a key element of personal informa-tion management. However, the model does not have any inherent support ofreminding. Even though there is not a spe
i�
 element in the model addressingthe issue of reminding there are di�erent ways in whi
h personal informationmanagement systems 
reated on top of the model may support reminding.As pointed out in studies subje
ts often use various strategies in order to havesome support of reminding in existing systems. For instan
e by leaving informa-tion entities in parti
ular lo
ations in whi
h they will be frequently seen, su
has e-mail inbox or in some spatial arrangement. As su
h it 
ould be argued thatinformation entities may simply be left in a suitable 
olle
tion that is frequentlyseen. That would provide at least at the level of support as in existing personalinformation management systems. That is, a similar method of reminding ispossible with this approa
h.In addition any information entity 
an have attributes asso
iated, whi
h pro-vide an indi
ation of a reminder. Thus an information entity may have arbitraryattributes used as part of a reminding s
heme. Su
h asso
iated attributes 
ouldin
lude:� Urgen
y { how urgent is this reminder on some s
ale (e.g. temporal)� Importan
e { how important is this reminder on some s
ale (e.g. priority)
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t any information entity may serve the purpose of reminding, and mayhave attributes asso
iated informing of the kind of reminder.6.4 SummaryThis 
hapter has dis
ussed models of intera
tive personal information manage-ment systems on three di�erent levels, the 
on
eptual level, the intera
tion level,and the data level.The 
on
eptual level in
ludes the understanding of the issues involved inpersonal information management (dis
ussed in Chapter 2 and Chapter 3). Theintera
tion level in
ludes the ways in whi
h users intera
t with and navigate theinformation available in a system (dis
ussed in Chapter 5). The data level in-
ludes the a
tual information representation and stru
ture in a system. Di�erentdata level approa
hes in existing systems have been dis
ussed brie
y.This lead to a presentation and dis
ussion of a uni�ed attribute-orientedmodel for personal information management systems. The model in
ludes fourkey elements, information entities (the units of information), attributes (infor-mation asso
iated with information entities), views (a subset { 
olle
tion { ofinformation entities), and a
tions (fun
tionality applied to entities, attributes,and views). Examples of these elements were provided.Moreover the impli
ations of the uni�ed attribute-oriented approa
h for per-sonal information management have been dis
ussed. This in
ludes a dis
ussionfrom the perspe
tive of the 
on
eptual understanding of personal informationmanagement dis
ussed in Chapter 2 and Chapter 3. Espe
ially there are a num-ber of impli
ations for the way in whi
h information may be stru
tured andorganized in 
olle
tions using this approa
h. The dis
ussed involved issues thathave been identi�ed as essential for personal information management, su
h as
exibility of information stru
tures, enabling multiple stru
tures, evolvable stru
-tures. Finally the way in whi
h reminding 
ould be supported by this model wasbrie
y dis
ussed.





Chapter 7Resear
h PrototypeThis 
hapter dis
usses a resear
h prototype implementation of a personal infor-mation management system. The prototype system { NEXUS { is an appli
ationof the attribute-oriented model des
ribed in Se
tion 6.2 and the system also pro-vides a user interfa
e that aims to provide a uni�ed user interfa
e and intera
tionin the system as dis
ussed in Chapter 5.This 
hapter provides an overview of the resear
h prototype implementationand a des
ription of the system ar
hite
ture and platform used. This in
ludesthe repository storage system and a framework for mapping existing informationsour
es to the system. Additionally the user interfa
e of the system is des
ribedin
luding the implementation of entities, attributes, views, and a
tions and ap-pli
ations of the system for personal information management. Finally a set oflimitations of the resear
h prototype implementation is des
ribed.The resear
h prototype represents a pilot implementation at a proof-of-
on
eptlevel. The purpose is to enable initial experiments to be 
arried out, thus allow-ing initial exploration of applying the attribute-oriented model 
ombined with auni�ed user interfa
e for personal information management.
157



158 CHAPTER 7. RESEARCH PROTOTYPE7.1 System OverviewThe resear
h prototype is an implementation of a personal information manage-ment system for management of 
ommon ele
troni
 information. The system isimplemented as a software appli
ation that runs on standard desktop or laptop
omputer systems. However, an implementation of the underlying model and atailor-made user interfa
e for mobile information applian
es should be possible.In terms of 
arrying out initial experiments the 
urrent version is suÆ
ient.7.1.1 InformationThe system enables the user to keep, manage, and use typi
al personal infor-mation, su
h as emails, 
alendar items, to-do items, do
uments, bookmarks, et
etera. All information is available through the 
ommon repository and likewiseall information is a

essed through a single uni�ed user interfa
e.The system is based on the attribute-oriented model presented in the pre-vious 
hapter, thus all information items kept and managed in the system arerepresented by information entities and attributes. Ea
h information entity 
anhave any number of attributes asso
iated. The information is organized intoany number of 
olle
tions (views) by means of the attributes asso
iated withthe information entities. The types of information that has been used with theprototype in
ludes:� E-mail { messaging� Calendar items { organizer and diary� To-do items { reminding� Text items { memos and do
uments� Bookmarks and referen
es� Musi
 { sound tra
ksThe list provides and illustration of how the resear
h prototype applies themodel in order to support di�erent information types in various domains to



7.1. SYSTEM OVERVIEW 159support personal information management. The mapping of these di�erent typesof information to the model is not de�ned by the system. The model provides a
exible way of representing information entities with asso
iated attributes, thusit is possible to do this in di�erent ways. The mappings used for e-mail entitiesand sound entities are dis
ussed in Se
tion 7.2.5.7.1.2 TemplatesThe attribute-oriented approa
h enables the resear
h prototype to store arbi-trary types of information, meaning that the support of information entities isnot limited to those mentioned above. The system allows the user to 
reate newinformation entities, and asso
iate arbitrary attributes with the information en-tities. Templates 
an be 
reated in order to fa
ilitate the pro
ess of 
reatingnew information entities. An information template is simply implemented as aninformation entity with a number of attributes asso
iated. This means when
reating an information entity based on a template a new information entity issimply 
reated with a list of default asso
iations of attributes.7.1.3 ViewsSimilar the information is organized into di�erent 
olle
tions that allow the userto view the information entities available in the repository. These 
olle
tionsare spe
i�ed to in
lude information entities having spe
i�
 attributes asso
iated.Criteria for the attributes may also be spe
i�ed. For instan
e a view 
ould in
ludeall information entities in the repository having a temporal attribute asso
iated,thus 
reating a temporal ordered view of a subset of information entities in therepository. Individual views may be sorted by the di�erent attributes in
ludedin the view.



160 CHAPTER 7. RESEARCH PROTOTYPEA set of simple default views have been 
reated to enable the user to viewand intera
t with the types of information listed above, in
luding:� Inbox { e-mail re
eived� Sent { e-mails that have been sent� Conta
ts { address book� Calendar week overview { 
alendar items with date this week� To-do { reminding items� Bookmarks { referen
es to webpages� Do
uments { memos and do
uments� Musi
 { sound tra
ksAdditionally there are views that in
lude information a
ross di�erent types.For instan
e a sample proje
t view that in
ludes 
alendar items, to-do items,e-mails, and do
uments, that are all asso
iated with the sample proje
t.The resear
h prototype enables existing views to be 
hanged and new viewsto be 
reated. For instan
e the default view of musi
 simply in
ludes all soundtra
ks available from the repository (with title, artist, album, et 
etera). Asmentioned above views may be sorted by di�erent attributes. However, the user
ould also 
reate di�erent views of sound tra
ks by artist, genre, or other 
riteria.It is possible for the user to 
reate views of new types of information that doesnot already have suitable views. For instan
e a user 
ould 
reate informationentities representing fa
ts and 
reate suitable views to view the fa
ts availablein the repository. The user 
ould for instan
e 
reate a s
heme for organizing thefa
ts, by asso
iation of suitable attributes.Su
h information 
reated by the user 
ould also be used in existing viewsby asso
iating attributes to the information entities thereby in
luding it in anexisting view. Generally any information entity in the repository 
an have any



7.2. SYSTEM ARCHITECTURE 161number of annotations by asso
iating of des
riptive attributes. The following isan example of su
h an asso
iated name/value pair:("Summary" / "Round menus are more effi
ient than menu lists")In a sense all asso
iated attributes serve as annotations to the informationentities. This attribute-oriented approa
h also allows information entities to berelated in arbitrary ways, as attributes may in
lude a link to another informationentity. This enables information entities to be linked in lists, stru
tured in ahierar
hy, or a graph, or any other stru
ture that is suitable. It is noti
ed thatthe same information entity may be part of multiple su
h stru
tures.7.2 System Ar
hite
tureThe resear
h prototype is a 
ombination of the attribute-oriented data model anda user interfa
e providing uni�ed intera
tion with information in the system.7.2.1 Implementation Platform and Programming LibrariesThe resear
h prototype is implemented in the Java programming language [AG96℄and runs on top of the Java platform version 1.3 available for typi
al desktopoperating systems. The 
hoi
e of Java as the development and experimentalplatform was primarily due to the wide variety of APIs and programming li-braries available for the platform. As the prototype needed to have interfa
es todi�erent types of existing systems it was ne
essary to use a platform providinglibraries for existing systems.However, the use of the Java te
hnology is not 
ru
ial for the realization of the
on
epts and approa
h in an implementation of a resear
h prototype. However,it was 
onsidered as an appropriate platform to 
reate a pilot implementation ofthe 
on
epts with manageable development e�ort. This was espe
ially importantin terms of bridging the system to existing servi
es and te
hnologies. The vari-ous libraries allowed the development of 
onne
tors to di�erent systems withoutextensive development e�ort.



162 CHAPTER 7. RESEARCH PROTOTYPEThe system user interfa
e is implemented using the Java Swing 
omponents.This allows the implementation of a standard desktop appli
ation graphi
al userinterfa
e. Other libraries used in the implementation in
ludes:� File input/output APIs part of the standard Java libraries (java.io pa
k-ages)� Networking APIs part of the standard Java libraries (java.net pa
kages),in
luding HTTP transfer proto
ols� JavaMail API version 1.3, whi
h support the retrieval and sending ofemails, supporting standards POP3, IMAP, and SMTP.� Images using standard libraries (this in
ludes support for JPEG and PNGstandards)� Sound standard libraries (javax.sound pa
kages) and JLayer MP3 API (ver-sion 0.08)� MP3 ID tag library to read and modify attributes of sound tra
ks in theMP3 formatThe use of these APIs enables integration of existing information and systemswith less development e�orts.The prototype system was built and used on a 500MHz PC with 256MBRAM memory, 12GB hard drive and a 15-in
h monitor. Espe
ially the issue ofresponse times [Mil68℄ is 
riti
al in the user interfa
e. The resear
h prototypehave a reasonable performan
e as the hardware 
on�guration mentioned aboveallow typi
ally response times below 100{200 millise
onds. This is the 
ase evenwith the performan
e intensive tasks, su
h as 
hanging views and sorting viewsby a di�erent attribute.7.2.2 Ar
hite
ture OverviewAn overview of the system ar
hite
ture of the resear
h prototype is shown inFigure 7.1 below, presenting the main 
omponents of the system. The 
ompo-nents of the system are implemented in a pa
kage hierar
hy nexus 
ontaining
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omponents. Components and interfa
es related to entities are lo
ated inthe nexus.entity pa
kage, 
omponents and interfa
es for attributes are in thenexus.attribute pa
kage, and view 
omponents and interfa
es are lo
ated in thenexus.view pa
kage.

source sourcesourcesource

external
storage

control

repository
entities/attributes/viewsindex storage

user interface
views and navigation

adapter adapteradapteradapter

Figure 7.1: NEXUS system ar
hite
ture overviewThe main 
omponent is the repository, whi
h holds the information entities,attributes, and views available to the user of the system. The a
tual informa-tion may be stored in di�erent lo
ations. The repository itself has an asso
iatedexternal storage where the a
tual information is stored. A

ess to the exter-nal storage is provided through the storage interfa
e 
omponent. The type ofexternal storage is not essential as the a

ess is provided through the storageinterfa
eThe information in the repository is indexed in order to enable eÆ
ient re-trieval of information from the repository and eÆ
ient 
onstru
tion of viewsof information entities. The indexing 
omponent is responsible for indexing ofinformation entities, attributes, and views.The information available in the repository may be stored in the asso
iatedstorage, but information from di�erent sour
es may also be linked into the repos-
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es 
an be both lo
ally available information as well as resour
esavailable through a network. The adapters provide the interfa
e to these externalinformation sour
es. Any number of sour
es may be 
onne
ted to the repositorythrough adapters. An example sour
e 
ould be an email server or a lo
al �ledire
tory with do
uments.Finally there is the user interfa
e 
omponent on top of the system, whi
hprovides the di�erent views of information entities and enables the user to navi-gate the information, attributes, views, and issue available 
ommands (a
tions).Intera
tion with the system is handled by the 
ontrol 
omponent that serves asa mediator between the user and the system, and linking the user interfa
e tothe underlying system.7.2.3 Repository Storage and AdapterThe repository is the 
entral 
omponent in the ar
hite
ture, as it stores and
oordinates all information available in the system. All 
omponents and inter-fa
es related to the repository are lo
ated in the nexus.repository pa
kage. Thisin
ludes the a
tual information entities, attributes, and views available. Ea
hinformation entity in the repository has a unique identi�
ation that is used toreferen
e and identify information entities. This identi�
ation is used internallyin the system only and it not available to the user of the system.The information in the storage is stored in an external storage, through thestorage 
omponent. The 
omponent abstra
ts the type of storage from the repos-itory, meaning that it use di�erent types of storage me
hanism. This in
ludesdi�erent types of database systems or �le system. In the a
tual resear
h proto-type a �le system is used as the external storage me
hanism. The interfa
e ofthe storage 
omponent simply provides the ability to store from the repositoryand retrieve data into the repository. The 
omponent transforms the data into asuitable representation in the external storage. In the prototype implementationa trivial approa
h is used, that is, data is stored is simply mapped into �les thatare stored in a �le system dire
tory stru
ture. Ea
h unit represents an informa-tion entity and is mapped into a �le. The �le 
ontains a list of name/value pairsrepresenting the attributes asso
iated with the information entity. Similarly theviews of information entities de�ned in the system are stored into the external



7.2. SYSTEM ARCHITECTURE 165storage. A simple example of an information entity representing a bookmarkwith asso
iated attributes is shown below:Title=CTI homepageDate=01-01-2004URL=http://www.
ti.dtu.dk/Proje
t=CTIKeyword=ICT resear
hThe performan
e of this approa
h is not optimal, but the prototype performssuÆ
iently to allow a trivial implementation of the approa
h. Moreover theabstra
tion of the fun
tionality into the storage 
omponent enables the externalstorage to be repla
ed without altering the rest of the 
omponents in the system.A system used on a wider s
ale 
ould thus optimize this part of the system. Forinstan
e by storing the information into a database.7.2.4 Adapter ComponentsInformation entities as the one in the example mentioned above is stored intothe repository in the external storage. However, also information from externalsour
es 
an be a

essed through the repository. The 
onne
tion of externalsour
es is a

omplished with adapter 
omponents and interfa
es (lo
ated in thenexus.repository.adapter pa
kage), whi
h are responsible for the mapping of theinformation from an external system into a suitable representation that is usefulin the repository. This in
ludes mapping the external information entities to aninformation entity in the repository. This means that ea
h information entityin external storage is represented by an information entity in the repository.Additionally attributes that 
an be extra
ted from information entities from anexternal sour
e are mapped to attributes in the repository. Thereby informationfrom external sour
es has a representation in the repository, as they were storeddire
tly into the repository.If additional attributes are assigned by a user they are either stored in therepository or the external storage. This depends on the implementation of theadapter, that is, whether the information sour
e allows additional informationto be assigned. Typi
ally additional attributes are stored in the repository. This



166 CHAPTER 7. RESEARCH PROTOTYPEmeans that attributes assigned to an information entity may reside either inthe information sour
e or in the repository. The unique identi�er mentionedpreviously 
ouples the two sets of attributes for information entities so that theattributes appear as one set of attributes asso
iated with an information entity.Thus the adapter 
omponents provide a bridge to existing information sour
es.The open ar
hite
ture of the system implements a plug-in feature enabling newadapters to other information sour
e be added to the system by means of astandard interfa
e to the repository 
omponent. Spe
i�
 adapters are imple-mented in order to handle di�erent types of existing information sour
es. Theadapters de�ne the ways to intera
t with an information sour
e (retrieve andstore information) and how to extra
t de�ned attributes from information enti-ties provided from the information sour
e. The approa
h allows the entities toexist in the repository of entities in the system, and for the user to have a

essto these like any other information entity in the system.The information sour
es 
an be both lo
ally available information sour
es aswell as information available through a network. At �rst this is not importantfor the repository as su
h as an information entity itself is the same whetherit origins from a networked or non-networked sour
e. This means that there isno di�eren
e from a user point of view whether information in the repositoryhas a networked sour
e or not. However, as network failures are inevitable thespe
i�
 adapters for networked information sour
es must implement suitableerror handling in 
ase of network failures [LR02℄. This is relevant both in theretrieval from and storage into an external information sour
e.7.2.5 Information Sour
esThe resear
h prototype implements a number of adapters to existing informa-tion sour
es by means of the programming libraries mentioned previously. Theexperimental prototype adapters implemented in the resear
h prototype in
lude:� IMAP { a

ess to e-mail from IMAP e-mail a

ount� File system { a

ess to �les in the lo
al �le system� HTTP { networked a

ess to �les via the HTTP proto
ol
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olle
tion { a

ess to sound �les (in MP3 format) through a �le system� Pi
ture 
olle
tion { a

ess to image �les (JPEG and PNG) through �lesystemsThe IMAP adapter enables the system to retrieve e-mails from and storee-mails into an e-mail a

ount on an IMAP server. The adapter uses a mailAPI to implements fun
tionality to 
onne
t to the server and retrieve e-mailsfrom the server. Ea
h e-mail is mapped to an information entity and metadataattributes su
h as From, To, C
, Subje
t, Sender, and Date are extra
ted fromthe e-mails and mapped to attributes in the repository. This means that e-mailsfrom an e-mail a

ount 
an be a

essed through the repository. As mentionedabove a default view of the inbox provide a way to view the e-mails availablein the e-mail inbox. Additional attributes may be asso
iated with the e-mailinformation entities, if the user wants to 
ategorize these or provide additionalinformation. These are stored in the repository, and therefore not dealt with bythe adapter.The �le system adapter maps a dire
tory of �les to the repository. Ea
h�le is mapped to an information entity, and the adapter provides a mapping of�lename, date, size, and other �le attributes to the attributes in the repository.In a similar way the HTTP adapter map �les to information entities and extra
t�le attributes and map these to repository attributes. The only di�eren
e is thatthe latter adapter provides information from networked sour
es. Therefore theadapter in
ludes error handling in 
ase of network failures, su
h as the systembeing unable to retrieve information.In theMP3 adapter the information sour
e is a lo
al dire
tory 
ontaining �lesin the MP3 sound format. The adapter 
ould be modi�ed to a

ess �les froma networked resour
e by means of the previously mentioned adapter. Musi
entities have several attributes that are extra
ted from the �les and mappedto attributes in the repository. These attributes are stored in so-
alled MP3tags, and in
lude: song title, artist name, album title, length of tra
k, genre, et
etera. These attributes 
an be used to form di�erent ways of organizing themusi
 tra
ks, that is, views representing play lists enabling the user to play analbum, all tra
ks by an artist, or a parti
ular genre, et 
etera [Ros00℄.
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ture adapter also uses a lo
al dire
tory as the information sour
e. In asimilar way it maps images to information entities and extra
ts attributes su
h asimage size and �lename and maps them to repository attributes. Images (photos)may have additional attributes, su
h as, title or 
aption, o

asion, lo
ation, anddate and time. However, these are not available, and must be assigned by theuser in order to organized the information into a photo album organized in aview by date and time, or a parti
ular lo
ation, or a parti
ular o

asion, et
etera. This prototype adapter is a simple extension of the �le system adaptermentioned above.7.2.6 A
tionsAbove it was dis
ussed how the adapter 
omponents allow the mapping of in-formation entities from external sour
es to be mapped into the repository. Alsospe
i�
 examples of adapters implemented in the resear
h prototype were pro-vided. However, the adapters may also map fun
tionality into the system interms of a
tions (
ommands) that 
an be used in the system. For instan
e a
-tions that are spe
i�
ally relevant for at parti
ular information sour
e 
an bein
luded in an adapter, and may then be added to the system.The open ar
hite
ture of the system allows new fun
tionality to be added tothe system. This fun
tionality 
an be made available in the system as 
ommandsthat 
an be invoked by the user of the system. An a
tion 
an be invoked on aninformation entity or a set of information entities in a view. It may require thatspe
i�
 attributes be assigned to the information entity. The a
tion 
omponentsand interfa
es are lo
ated in the nexus.a
tion pa
kage. Every a
tion added tothe system has a name that is used to identify the 
ommand, and is used by theuser interfa
e of the system.The resear
h prototype implementation 
ontains a number of a
tions, whi
hare added to the system via the spe
i�
 adapters. The adapter providing e-mailmapping to IMAP servers also 
ontains an a
tion Send for sending e-mail using anSMTP server. The a
tion 
an be invoked in prin
iple on any information entityin the repository. However, in order for the 
ommand to su

eed the informationentity must have 
ertain attributes asso
iated. In the 
ase of sending an e-mailattributes indi
ating e-mail attributes, su
h as, To, Sender, and Subje
t must be



7.2. SYSTEM ARCHITECTURE 169present. Invoking the Send 
ommand on an information entity that has thoseattributes assigned and provided the To attribute 
ontains a valid e-mail address,the 
ommand will map the information entity and attributes to an e-mail that
an be sent using an SMTP server.The MP3 adapter des
ribed above also in
ludes a 
ouple of simple a
tionsPlay and Stop, whi
h in
ludes the 
ode
 to be used to play sound in the MP3format. The Stop a
tion halts an exe
uting Play a
tion. The a
tions are availablein variants as they 
an be invoked either on a single information entity or aset of information entities (provided via a view of information entities). Therequirement of the Play a
tion is that the information entity 
ontains a streamin the MP3 format; otherwise the a
tion simply has no e�e
t. Similar the Stopa
tion has no e�e
t if no Play a
tion is 
urrently a
tive.This a
tion ar
hite
ture allows any number of a
tions to be added to thesystem. General a
tions may also be added to the system, meaning that they donot have to be 
oupled to adapter 
omponents. However, it is useful to 
ouplea
tions that are relevant to a spe
i�
 adapter, as seen in the example above. Thea
tions may be used a
ross all information entities in the entire system. Thismeans that a
tions have no boundaries to parti
ular information entities evenif provided via an adapter. However, the a
tion 
an only be performed if aninformation entity has the ne
essary attributes asso
iated, and thus meets thespe
i�
 
riteria of the a
tion.7.2.7 Indexing ComponentAs the repository is meant as a storage me
hanism that provides a uni�ed pointof a

ess to personal information of many di�erent types it 
ould potentiallyhold 
onsiderable quantities of information entities and attributes. In order toprovide suÆ
ient performan
e when intera
ting with the system the informationin the repository is indexed by an indexing 
omponent. This enables eÆ
ientretrieval of information from the repository and eÆ
ient 
onstru
tion of viewsof information entities.Indexing is implemented in the index 
omponent that is part of the repos-itory, and is therefore lo
ated in the nexus.repository pa
kage. The indexing
omponent is responsible for indexing of information entities, attributes, and
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omponent therefore holds several indexes of the information storedin the repository.There is an index of all information entities stored in the repository { theentity index. The key used in this index is the unique information entity identi�erused generally in the system. The identi�er 
an be used to perform an eÆ
ientlookup of spe
i�
 information entities in the index. Similar there is also an indexof all views de�ned in the system { the navigation index. It 
ontains an index ofall views with asso
iated name of the view and the attributes that are in
ludedin the index.However, the most important index in terms of eÆ
ien
y is the index ofattributes { attribute index. Views are 
onstru
ted on the basis of attributes as-so
iated with the information entities. Thus in order to avoid a time-
onsumingsear
h of entities the attribute index provides an index of entities and all at-tributes asso
iated with the entities. This means that a view 
an be eÆ
ientlygenerated as the attributes in
luded 
an be dire
tly mapped to a set of informa-tion entities by means of the attribute index.All indexes are 
onstantly kept up-to-date, that is, ea
h time an attribute isadded or removed or an information entity 
hanged this is re
e
ted in the relevantindexes. For instan
e if a new attribute is asso
iated with an information entitythe attribute index is updated to re
e
t this immediately. That is, the parti
ularattribute is now asso
iated with the given information entity. This will also havean e�e
t of the views in
luding this attribute, in the sense that the view mightnow in
lude the information entity, that is, depending on the a
tual 
riteria forthe view.The implementation of the indexes provides suÆ
ient performan
e for theresear
h prototype, that is, at least for initial experiments to be 
arried out.The indexing approa
h involves the 
lassi
al tradeo� between performan
e andstorage. The 
ost of the indexing approa
h is storage and memory, however, withthe bene�t of eÆ
ien
y when sear
hing for keywords in the repository and gener-ating views of information entities. This also in
ludes eÆ
ien
y when 
hangingviews so that information entities are in
luded or ex
luded from the view.Finally there is also an index of templates available in the repository. Ea
htemplate has an asso
iated name. For instan
e an e-mail template is an infor-mation entity with asso
iated attributes, su
h as, To, C
, Subje
t, and Body. In



7.3. USER INTERFACE PROTOTYPE 171these attribute name/value pairs the value is left blank for the user to �ll out.The information 
ontaining the template name and the a
tual template infor-mation entity with asso
iated attributes is stored in the template index. When
onstru
ting an email a 
lone of the template information entity with asso
iatedattributes is 
reated. Thereby a new information entity is 
reated with attributesthat 
an be �lled in by the user. All su
h templates are available in the index oftemplates.7.2.8 Additional ComponentsThe main 
omponents of the system have been dis
ussed, ex
ept the part thatdeals with the user interfa
e of the system. Those 
omponents are dis
ussed inthe next se
tion. In addition to the main 
omponents there are some smallerhelper 
omponents implemented in the system. For instan
e there is a sortingutility implementing the qui
ksort algorithm, enabling the sorting of di�erenttypes of information (numbers, text, dates, et 
etera). The 
omponent is mainlyused to allow an eÆ
ient way of sorting views by di�erent attributes.As mentioned the 
urrent resear
h prototype represents a pilot implemen-tation. However, it should be mentioned, that the ar
hite
ture of the systemallows 
hanging these 
omponents without a�e
ting the rest of the 
omponentsin the ar
hite
ture. Thus the system ar
hite
ture provides a test bed for furtherdevelopment and experiments.7.3 User Interfa
e PrototypeThe remaining 
omponents in the system are related to the user interfa
e of thesystem. All 
omponents and interfa
es for the system user interfa
e are lo
atedin the nexus.ui pa
kage.7.3.1 Model-View-ControlThe system ar
hite
ture is built on the Model-View-Control { MVC { designpattern [GHJV95℄. This approa
h provides an appropriate abstra
tion of fun
-
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reation of multiple ways of viewing the same informationavailable in the model.In this ar
hite
ture the repository serves as the model. All information thatis shown in the display is lo
ated in the repository (the model). The view isthe a
tual user interfa
e and display the information available in the repository.This in
ludes the view of di�erent 
olle
tions, and information entities. Finallythe 
ontrol 
omponent serves as the mediator handling user input.7.3.2 S
reen ShotA s
reen shot of the prototype user interfa
e of the resear
h prototype imple-mentation is shown in Figure 7.2.

Figure 7.2: S
reen shot of NEXUS resear
h prototype user interfa
e
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e of the user interfa
e of the prototype has somesimilarities with standard software appli
ations, su
h as email appli
ations. How-ever, the underlying model and repository makes it somewhat di�erent. On thetop of the display are the menu and toolbar, similar to typi
al desktop softwareappli
ations. These are standard graphi
al user interfa
e elements. The tool-bar provide a

ess to frequently used a
tions, su
h as 
reating new informationentities based on templates and navigating the user interfa
e.The remaining display is divided into three main areas. The left area 
ontainsa list of views de�ned in the repository, enabling the user to navigate the dif-ferent subsets of information entities from the repository. Sele
ting one of theseviews a�e
t the remaining two display areas. In the s
reen shot the 
urrently se-le
ted view is the e-mail inbox. The right side of the display 
ontains two parts.The upper part 
ontains the a
tual view of information entities with asso
iatedattributed. In the s
reen shot above the view 
ontains a list of emails with asso-
iated attributes. The lower part 
ontains the 
ontent of the information entity.In this 
ase it means the body of an email message.7.3.3 Views, Information Entities, and A
tionsThe ar
hite
ture allows di�erent implementations of views. This means thatinformation 
an be viewed in di�erent ways. The s
reen shot shown above showsan example view that provides a tabular way of viewing information entities. Onthe x-axis are the di�erent attributes in di�erent 
olumns and on the y-axis arethe di�erent information entities. Similar a temporal view is implemented fordisplaying temporal ordered information. This is relevant for 
alendar and diaryinformation.As mentioned the ar
hite
ture allows more kinds of user interfa
es for viewsto be added to the system. For instan
e it would be obvious to have a spatial viewthat would enable a spatial organization of information entities in the repository.However, this is not implemented in the resear
h prototype.The views may allow dire
t data entry of attributes. In the tabular viewmentioned above the user may pla
e the 
ursor in any attribute �eld and enteran attribute or alter an existing attribute. Naturally it is required that it ispossible to 
hange the a
tual attributes shown in the view. Some attributes that
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ted from information entities in from an external information sour
eit is not possible to alter. In that 
ase the user interfa
e does not allow theattribute to be 
hanged. The �eld in whi
h the attribute is show is simply noteditable.The type of data entry implemented in the resear
h prototype 
auses therepository to be immediately updated. As soon as the user has typed the attri-bute into an attribute �eld it is stored in the repository. There is no need toexpli
itly save the information entity to the repository. This approa
h enablesthe user to qui
kly enter information into the system. It is not ne
essary to ex-pli
itly name or organize the information entity, as the user 
an simple performdata entry dire
tly in the view of information entities.The 
olle
tions (views) are de�ned in terms of entities and attributes, whi
h
onstitutes the stru
tures of the 
olle
tions (views). Thus the 
olle
tions are partof the 
ontent not part of the user interfa
e as su
h. This means that the stru
-ture is an integrated part of the information in stored in the system rather thanbeing de�ned by the user interfa
e as su
h. The user interfa
e views mentionedabove are simply di�erent ways of viewing the information in the repository.These user interfa
e elements do not impose any parti
ular stru
ture of the in-formation but di�erent ways of visualizing the information entities. For instan
ethe tabular approa
h shown above is a general way of viewing information en-tities provided in the system. It shows a list of information entities and theattributes asso
iated with it. If the information entities have temporal orderingit 
an be shown in the temporal user interfa
e view. Similar if the informationentities belong in a hierar
hi
al information stru
ture the user interfa
e viewis visualizing the information entities in a hierar
hi
al tree stru
ture (if su
h astru
ture is available for the information entities). As mentioned above also aspatial way of viewing information entities 
ould be implemented in the system,but is not implemented in the resear
h prototype. To summarize the stru
tureof the information is 
onstru
ted on the basis of the attributes asso
iated withthe information entities, whi
h means that stru
ture is part of the informationrather than the user interfa
e. The user interfa
e simply provides di�erent waysof visualizing the information entities.
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tions and NavigationAvailable a
tions are invoked from the menu. When an information entity issele
ted in the view, an a
tion 
an be applied to the information entity. If aview is sele
ted a
tions 
an be applied to the entire set of information entitiesin that view. This approa
h means that the resear
h prototype user interfa
eimplements a noun-verb-type user interfa
e. The information entity (noun) issele
ted and the a
tion (verb) is applied to that information entity.The system provides a uni�ed interfa
e and intera
tion with information inthe repository. It allows the user to 
ombine di�erent types of information in thesame views. There is one 
ommon set of 
ommands available for navigation andmanaging the information entities in the system. This means that the user of theprototype only needs to learn one set of 
ommands in order to use and managedi�erent types of information entities in the system. The same 
ommands applya
ross the entire set of information entities in the underlying repository. Thisapproa
h aims to fa
ilitate learning and the pro
ess of habit formation.This means it is the same 
ommands that apply for 
reating, altering, anddeleting information entities in the entire system. This is independent of the typeof information entities that are present in the views that the user is navigated.Navigating views of information entities is uni�ed as intera
tions with views inthe user interfa
e is the same a
ross the entire system, independently of thea
tual information entities in the views.As mentioned previously some attributes a
quire information entities storedin external sour
es are not mutable, and 
an therefore not be 
hanged or updatedby the user. These attributes show up in the system as lo
ked information. Bothentities and attributes 
an be lo
ked, meaning that the system does not enablethe user to edit or delete those entities and attributes. This means that alsoentities and attributes stored in the external repository 
an be lo
ked. Thesefeatures also appear in the same way in the user interfa
e of the system.7.4 Prototype Appli
ationThe resear
h prototype implementation of the attribute-oriented model, and theuni�ed user interfa
e is a generi
 approa
h. This means that in prin
iple any
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ould be stored into the system and it 
ould be applied fordi�erent purposes. Naturally the purpose here is to enable personal informationmanagement as the uni�ed approa
h in the model and user interfa
e aims tosupport the spe
i�
 issues involved in personal information management.The types of personal information used with the resear
h prototype for ex-perimental purposes in
lude:� E-mail� Calendar items� To-do items� Text items� Referen
es (in
luding bookmarks)� Musi
The adapter 
omponents enable to bridge existing information sour
es tothe system. The resear
h prototype implement adapters, that are 
apable ofmapping emails, do
uments and �les, musi
 item, et 
etera into the repositoryas dis
ussed in Se
tion 7.2.4 and 7.2.5. As mentioned additional attributes maybe assigned, meaning that some attributes are stored in external sour
es andothers are stored in the internal repository.As mentioned previously the mapping of information entities representinginformation, su
h as 
alendar items, to-do items, text items, bookmarks, andreferen
es are not de�ned by the system. The model provides a generi
 way ofrepresenting su
h information entities with asso
iated attributes. The informa-tion used with the resear
h prototype use simple representations. Bookmarkshave asso
iated attributes providing a title, a date, and the URL of the book-mark. Calendar items have asso
iated attributes providing a title, a date, an enddate, and des
ription. To-do items have asso
iated attributes proving, a date, astatus, urgen
y, importan
e, and a des
ription.The representations mentioned here provide a simple way of representing thedi�erent kinds of typi
al personal information items. However, the user is not
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ted by these representations, as the model allows the values of asso
iatedattributes to be empty and also the user 
an add additional attributes to theseinformation entities if needed.7.5 LimitationsThe resear
h prototype implementation des
ribed in this 
hapter is 
onsidered apilot implementation that serves as a "proof of 
on
ept". The implementationin
ludes the 
ore 
on
epts dis
ussed and is based on the attribute-oriented model.The system also aims to provide a uni�ed user interfa
e and intera
tion with theinformation in the system.The implementation is trivial and some fun
tionality is not implemented forinstan
e some user interfa
e views are not implemented. The user interfa
e issimple and provides a

ess to the 
ore elements of the system only. For instan
eit is possible to 
reate di�erent information stru
tures using the prototype userinterfa
e, however the user interfa
e la
ks features that 
ould fa
ilitate the pro-
ess of 
reating di�erent types of organization. The user interfa
e 
omponentsfor 
reation of views 
ould be improved. New templates 
annot be de�ned inthe user interfa
e of the prototype; instead they are de�ned outside the system.However, it is possible to add this feature to the user interfa
e of the system.The prototype is not performan
e optimized in any way. Performan
e hasonly been 
onsidered an issue if the implementation yields response times thatwould prevent experiments to be 
ondu
ted. However, the resear
h prototypeworks in a satisfa
tory way in terms of response times when the informationrepository has 100s and 1000s of information items with asso
iated attributes.The prototype has not been tested with 10000s and more information items.With the hardware 
on�guration mentioned previously the resear
h prototypehas a reasonable performan
e as it typi
ally has response times below 100{200millise
onds. The most performan
e intensive tasks in
lude 
hanging views andsorting views by a di�erent attribute. These tasks have reasonable performan
ein the system with 1000s of information entities in the repository.As the resear
h prototype is a pilot implementation and there are a numberof limitations the implementation does not represent a system that is ready for



178 CHAPTER 7. RESEARCH PROTOTYPEeveryday usage. The aim has been to enable initial laboratory experiments tobe 
arried out. These may provide an initial understanding of the appli
ationof these prin
iples for personal information management. Additionally it 
ouldprovide input for further development of the prototype for further resear
h of thearea. Also further implementation improvements and optimizations are possible.The 
urrent prototype is also limited as it 
an be used on a standard station-ary or laptop 
omputer system only. Supporting NEXUS on mobile informationapplian
es is an obvious further development of the resear
h prototype. Thisin
ludes a set of problems to resear
h further. Mobile information applian
es,su
h as, PDA's and mobile phones are typi
ally 
hara
terized by limited inputand out 
apabilities, 
ompared to traditional desktop systems and workstations.The output limitations in
lude display spa
e and resolution. Input limitationsin
lude limited or no keyboard and maybe a pen as pointing devi
e.These limitations put a set of 
onstraints on the design of the NEXUS userinterfa
e on su
h mobile information applian
es. The display has limited spa
eto present information entities and views and the intera
tion and data entry arealso limited.The information entities are independent information units. The asso
iatedattributes are not part of the units as su
h but also independent informationunits. The attributes are 
oupled to the information entities, but have a rep-resentation independently of the information entities as su
h. The approa
hfa
ilitates su
h adapting of the model to mobile information applian
es. Thelimitations imposed by mobile systems means that it 
ould be relevant to leaveout some attributes in a mobile situation of use. Asso
iating 
ontext dependantattributes, or even 
ontext-aware information is re
eiving attention in ubiqui-tous 
omputing resear
h [MHP00℄. This means that some attributes 
ould byrelevant in 
ertain 
ontexts only.The issue of adapting the user interfa
e of NEXUS to mobile informationapplian
es in
ludes adapting the NEXUS user interfa
e, and the presentation ofthe individual information entities as su
h. For instan
e making available mul-tiple versions of an image or s
aling to di�erent image resolutions and possiblyboth 
olor and bla
k and white versions of the image available.



7.6. SUMMARY 1797.6 SummaryThe previous 
hapter 
onsidered intera
tive personal information managementsystems in terms of models on three di�erent levels.First there is a 
on
eptual level, meaning the underlying understanding ofthe issues involved in personal information management as su
h. These issueswere dis
ussed in Chapter 2 and 3. It is on the basis of this understandingsystems are 
reated and existing approa
hes and systems supporting personalinformation management were dis
ussed in Chapter 4.Se
ondly there is an intera
tion level, whi
h in
ludes the ways in whi
h usersintera
t with and navigate the information available in a system. Intera
tionrelated issues were dis
ussed in Chapter 5, and spe
i�
ally how to provide uni�edinterfa
e and intera
tion with information and fun
tionality available in a system.This 
hapter has dis
ussed a prototype implementation based on these prin
iples.Finally, the data level in
ludes the a
tual information representation andstru
ture in a system. Di�erent approa
hes at the data level were dis
ussed inChapter 6. The 
hapter also in
luded a presentation of the attribute-orientedapproa
h on whi
h the resear
h prototype des
ribed in this 
hapter is based.A simple resear
h prototype implementation has been des
ribed. It imple-ments the key elements of the attribute-oriented model and uni�ed approa
hdes
ribed in the previous two 
hapters. The system ar
hite
ture has been de-s
ribed in
luding the repository for storage of information entities, the adapterframework for enabling a

ess to existing information sour
es. The des
riptionalso in
ludes a simple prototype user interfa
e for the system. The user interfa
eallows uni�ed a

ess and use of the entire set of personal information entitiesin the system. Su
h information in
ludes messages (emails), 
onta
ts, 
alendaritems, to-do items, do
uments, bookmarks, images, musi
, and these informationitems may be obtained from a number of external sour
es through adapters.The resear
h prototype dis
ussed in this 
hapter represents a pilot imple-mentation, whi
h serves a proof-of-
on
ept and a test bed. It in
ludes prototypeimplementation of the key 
omponents onto whi
h a simple personal informationmanagement system is implemented. The prototype allows initial experimentsto be 
arried out. As it is a resear
h prototype only it has a set of limitations,whi
h prevents it from being used on a large s
ale. The prototype does not
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urrent implementation 
annotbe used as a tool for daily personal information management a
tivities. Imple-menting a solid and fully fun
tional personal information management systemthat 
ould potentially be used in a realisti
 environment is a major undertakingthat requires 
omprehensive systems development e�ort.The aim has been to rea
h a proof of 
on
ept level implementation, and toenable some initial experiments to be 
arried out. This may provide feedba
kthat 
an be used in further development of the 
on
epts and prototype. Thusthe resear
h prototype serves as an experimental platform, whi
h 
an allow 
ar-rying out further resear
h of uni�ed attributed-oriented models and uni�ed userinterfa
e for the support of personal information management.



Chapter 8ExperimentsThis 
hapter des
ribes the experimental approa
h. First experimental dilem-mas involved in resear
hing the area of personal information management aredis
ussed in
luding impli
ations for 
arrying out experiments in the area. Thisinvolves a number of trade-o�s that must be taken into 
onsideration when 
ar-rying out experiments. Also this has impli
ations in terms of applying andgeneralizing results obtained from the experiments.The experiment 
arried out is divided in two parts, whi
h in
lude two di�erenttypes of experiments. The �rst experiment involves semi-stru
tured interviewswith a number of test subje
ts to get a qualitative insights and an understandingof their 
urrent personal information management pra
ti
es and work environ-ment.The se
ond experiment is a pilot usability experiment of the resear
h pro-totype implementation des
ribed in the previous 
hapter. The experiment is
arried out to get initial insights and understanding of the impli
ations of theuni�ed attribute-oriented approa
h in terms of supporting personal informationmanagement.The overall purpose of the experiments is to get qualitative insights andunderstanding of the 
urrent problems of personal information management andindi
ations of the impli
ations of the uni�ed attribute-oriented approa
h in termsof supporting personal information management. Ea
h experiment is dis
ussed181
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hapter. This in
ludes the test subje
ts used, methodology of theexperiments, and experimental designs, whi
h are des
ribed and dis
ussed.8.1 Experimental DilemmasCarrying out experiments in the area of personal information management in-volves a number of experimental problems and dilemmas. These problems involvepriva
y of information due to the nature of the information and the 
ontexts inwhi
h subje
ts use the information. As a 
onsequen
e the possibility of 
arry-ing out experiments in a realisti
 setting 
ould be limited. Also 
arrying outexperiments using resear
h prototypes su
h as the one des
ribed in the previ-ous 
hapter involves a number of problems. In general these issues may imposediÆ
ulties and 
onstraints on studies of personal information management.8.1.1 Ethi
al and Priva
y IssuesFirst of all there are a set of ethi
al issues. The information is 
onsidered privateby subje
ts and often to be used and seen by an individual only. Subje
ts wayper
eive observational studies as an invasion of their priva
y. This may imposelimitations on the information and management pra
ti
es that 
an be observedand may rule out logging of use of personal information management systems.Therefore 
losely observing a
tual use of personal information management pra
-ti
es and habits 
an be diÆ
ult. The private nature of information may 
ausesubje
ts to be relu
tant to parti
ipate in experiments or withdraw from an ex-periment if they feel they have to reveal information that is 
onsidered private.Therefore it is important that subje
ts are 
arefully informed that the ex-periments are not 
on
erned with their information as su
h, but rather a studyof information management pra
ti
es in general. Also that it is not the subje
tsbeing tested or asked to reveal information that they 
onsider private, but astudy of how information management is 
arried out by subje
ts and the toolsused to fa
ilitate the pro
esses involved.
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y issue may be addressed by using simulated tasks and simulatedpersonal information. However, this is far from an optimal solution as it 
reatesan arti�
ial situation of use. When simulated information is used instead ofthe personal information belonging to the subje
t, the test subje
ts have toput themselves in an arti�
ial situation, whi
h may not entirely re
e
t theira
tual personal information management pra
ti
es. However, when 
arrying outexperiments involving tools or resear
h prototypes that implement an alternativeapproa
h to the support of personal information management simulated tasksand information may be a ne
essity.An essential problem in personal information management is the role of mem-ory and re
olle
tion of personal information. Naturally subje
ts have no re
ol-le
tion of simulated personal information in a system. The individual has nothandled the information before, and thus an essential aspe
t of personal in-formation management is lost when using simulated information. Neverthelessexperiments 
an provide some indi
ations of use and may reveal problems inpersonal information management tools.In terms of real use or simulated use at least three types of personal infor-mation management experiments 
an be 
arried out:1. An experiment involving observations of real use: Subje
ts would performreal task using the tools and information used in real situations.2. An experiment testing a new personal information management tool in arealisti
 setting: Subje
ts performing real task using real information, butusing a new personal information management tool.3. An experiment testing a new personal information management tool in alaboratory setting: Subje
ts performing simulated tasks using simulatedinformation and using a new personal information management tool.Ea
h of these experiments mentioned above would provide di�erent typesof results. The �rst 
ould provide an understanding of the 
urrent informationmanagement pra
ti
es and potential problems in the tools or pra
ti
es imped-ing the pro
esses of performing personal information management. The se
ond



184 CHAPTER 8. EXPERIMENTS
ould provide an understanding of the impli
ations of an alternative approa
h tosupporting personal information management by means of an alternative tool.However, it does require the alternative personal information management toolto support the information used and tasks 
arried out by the subje
ts. The thirdkind of experiment 
ould also provide an understanding of the impli
ations ofan alternative approa
h to the support of personal information management bymeans of an alternative tool. However, this in
ludes the limitations imposedby introdu
ing simulating tasks and information in the experiment. It also de-pends on the type of information and tasks that 
an be 
arried out using su
h aprototype tool. This again depends on the s
ope of the prototype system.8.1.3 Experiments Involving Prototype SystemsIn the se
ond and third type of experiment mentioned above the s
ope of exper-iments that 
an be 
arried out depends on the s
ope of the prototype tool. Anextensive prototype may allow extensive experiments involving everyday tasksand information. Whereas a limited prototype may hinder the experiment if theprototype does not support the kinds of a
tivities 
arried out by the subje
t.Thus a simple prototype may only provide initial indi
ations of the impli
ationsof an alternative approa
h.Experiments in a realisti
 setting require the subje
ts to perform real tasksand 
arry out real use. This means that a prototype system for personal informa-tion management needs to be extended to a level where it 
an support everydaytasks and information management. This means that extensive development ef-fort is needed to develop the resear
h prototype to a level where it supports theinformation used and tasks 
arried out by test subje
ts.As mentioned above the role of memory is essential in personal informationmanagement. This means that in order to test out the impli
ations of an al-ternative approa
h in terms of supporting memory (re
olle
tion and retrieval)ideally longitudinal studies are needed. Otherwise it 
an be diÆ
ult to rea
h
on
lusions about the support of memory, as naturally some time has to pass toobserve the retrieval and reminding support. That is, the subje
ts would needto manage the information over some period of time by use of the alternativeapproa
h (e.g. a resear
h prototype) and then at some point later in time use
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oming a part of the everydaypersonal information management related a
tivities. Studies that require use ofan alternative approa
h over longer periods of time require the willingness ofsubje
ts to invest the time needed in order to use su
h an alternative approa
h(e.g. a resear
h prototype system).Carrying out limited laboratory experiments that involve a di�erent approa
his then a possible alternative. Su
h studies in
luding simulated personal informa-tion management tasks 
an provide some valuable indi
ations of the use and thevalue of the approa
h to personal information management. However, in termsof personal information management issues su
h as ar
hiving information andreminding it 
an be very diÆ
ult to rea
h results. Studies over longer periods oftime are needed to get useful results on the support of ar
hiving, retrieval, andreminding.Experimental Simulated Realisti
dilemmas situations of use, setting, 
ontext, real use,tasks, and information and real informationPrototype Provides indi
ations of use Real use of prototype system.system user interfa
e problems, and This may provide usefulindi
ations of the model results about the approa
h.supporting personal Requires extensiveinformation management. development of prototype.Extensive Enables more tasks and Enable observations ofSystem situations of use to be 
urrent pra
ti
es and maytested. Simulation is a provide stronger results.limitations to an Does not test out anexperiment. alternative approa
h.Table 8.1: Experimental dilemmas of using 1) real versus simulated informationand tasks, and 2) using real versus prototype systems for experimentsThe experimental dilemma is related to the extent of development needed ona resear
h prototype in order to allow experiments to be 
arried out in a realisti
setting based on real use and management of subje
ts own personal information.An alternative is a simple proof-of-
on
ept resear
h prototype, whi
h may allow
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arried out.Su
h experiments may provide initial indi
ations of use, user interfa
e problems,and the underlying model as a foundation for the support of personal informationmanagement (see Table 8.1).8.1.4 In
remental versus Novel Approa
hResear
h of personal information management 
an be approa
hed with di�erenttypes of experiments. Generally introdu
ing a di�erent approa
h and testingout a resear
h prototype implementing the approa
h 
an demand 
onsiderableresour
es. It requires extensive development e�ort in order to enable realisti
experiments to be 
arried out. However, an experimental dilemma is that adi�erent type of approa
h for
es subje
ts to take the e�ort to learn a di�erenttool and di�erent approa
h to personal information management. This maybe diÆ
ult for subje
t as they may already have well-established informationmanagement pra
ti
es using a set of existing tools to fa
ilitate the pro
essesinvolved. Their pra
ti
es may also to some extent be formed by the spe
i�

onstraints of existing tools used [FFG96a℄.To over
ome this issue an alternative approa
h is to use an existing systemwith some in
remental 
hanges instead of a novel resear
h prototype system.The in
remental 
hanges to an existing system 
an be used to test out spe
i�
alternative features of an approa
h to personal information management.The advantage to the in
remental approa
h is that the tools used in exper-iments are then familiar to the subje
ts [Ras94℄. The subje
t will only needto learn the in
remental 
hanges to the existing systems in order to use thesefeatures. Also it may require less development e�ort to 
hange an existing tool
ompared to developing an entire new system. On the other hand the experiment
an only be 
arried out within the boundaries of the existing tool. This meansthat the 
hanges 
an only be done based on the model of the existing tool andwithin the 
onstraints in the existing system. Also some systems may preventsu
h development or 
ustomization thereby preventing su
h in
remental 
hangesto be implemented for resear
h purposes.Using the novel approa
h means that a new system with a di�erent approa
hto personal information management is used in the experiments. This means
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ts need to use a new tool that is unknown and perhaps quite di�erentfrom the tools they are 
urrently using. They will need to learn how to useand be
ome familiar with a new tool, whi
h means that subje
ts need to investtime and resour
es doing this. Also this potentially demand longer-term use inexperiments 
ompared to the in
remental approa
h. The novel approa
h mayalso require extensive development e�ort to 
reate a working prototype, whi
hmay be used for 
arrying out experiments. However, the advantage is that thereare no 
onstraints by an existing tool, whi
h is the 
ase in the in
rementalapproa
h. This leaves room for more 
exibility, in terms of a prototype testing anew approa
h. The dilemmas of the two approa
hes are summarized in Table 8.2.In
remental approa
h Novel approa
h(extension to (new system andexisting system) new approa
h)Tool used Familar tool New toolDi�eren
es from In
remental 
hanges May be very di�erentexisting systemDevelopment May require less Extensive e�ort toe�ort development e�ort to develop a workingextend existing system systemImplementation Within boundaries of Can test out di�erent
onstraints the existing system novel approa
hes without
onstraints of anexisting toolTable 8.2: Tools and development of tool for experimentsCondu
ting experiments using the in
remental approa
h has the advantagethat a familiar existing tool is used. As the 
hanges to existing tools are in
re-mental, the learning of the feature might not require mu
h e�ort by the subje
t.This also means that it 
an be possible to 
arry out the experiments in a "real"workspa
e and environment. Potentially the subje
ts 
an be 
arrying out reala
tivities in a familiar environment and apply the in
remental features in theira
tivities. Thus studies may even 
ontain studies of real use, in real situations,
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ts are using a familiar everyday tool. However, a problem 
ompared tothe novel approa
h is that the �ndings in the in
remental approa
h may be re-sults on the parti
ular feature that has been modi�ed. This may be a �nding ona fairly detailed level, as the 
hange is a modi�
ation of an existing tool. In termsof testing an alternative approa
h to personal information management supportthe in
remental approa
h only test modi�
ations of an existing tool and does notprovide information whether a di�erent approa
h might be advantageous overthe existing approa
h. Perhaps the approa
h 
an reveal some problems in theexisting approa
h and in
remental features that provide hints whether an alter-native approa
h is worth pursuing. On the other hand it may possible to drawfairly solid 
on
lusions about the parti
ular feature being tested in the parti
ular
ontext.Experiments using the novel approa
h have a set of diÆ
ulties 
ompared tothe in
remental approa
h. As the approa
h being used in the experiment isnovel, it means that users have to use a potentially widely di�erent tool 
om-pared to the tools they are familiar with. They have to learn the novel approa
hto an extent so that they 
an apply the system to support their personal in-formation management a
tivities. As the tool is novel it may not be possibleto apply it in a real situation. Thus experiments may have to be 
arried outas laboratory experiments, whi
h means that subje
ts are taken out of theirreal work environment. Thereby they are put in an arti�
ial situation of use.Additionally laboratory experiments means "simulated" tasks with simulatedinformation, whi
h involves the problems and issues dis
ussed in the previousse
tion. Test subje
ts have to identify themselves with the simulated task, sit-uation, and information. As mentioned previously studies of longer periods oftime are diÆ
ult, as the experiments are 
arried out in a laboratory setting.Alternatively a fun
tional prototype is required for longer-term experiments andreal use situations. However, this also means that a fairly fun
tional prototypetool must be developed, in order to 
ondu
t su
h experiments. As mentionedpreviously su
h development e�orts 
an be substantial. A fun
tional prototypeis needed if subje
ts will be using the tool to test the approa
h to a degree thatenables solid 
on
lusions about the approa
h. However, a limited prototype im-plementing a novel approa
h may be able to produ
e initial indi
ations of thepossibilities of the novel tool or approa
h to personal information management
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hed and limited 
on
lusions tobe made unless extensive real use is possible using a fun
tional prototype. Thedilemmas of using these two approa
hes are summarized in Table 8.3.In
remental approa
h Novel approa
hExperimental Can be 
arried out in May have to usetasks "real" workspa
e and laboratory experimentenvironmentRealism Real use possible with "Simulated" tasks anduse of extensions to information (in laboratoryexisting tool experiment)Time period Using everyday familiar Laboratory setting maytools, thus longer time prevent experiments overperiods possible longer time periodsLearning In
remental to existing Have to learn new tooltool, needs to learn that may be very di�erentin
remental features from existing toolonlyResults and Results on the in
remental Indi
ations of alternative�ndings feature only, not about a approa
hdi�erent approa
hPossible Con
lusions about a Potentially limited results
on
lusions parti
ular in
remental and 
on
lusions unlessfeature (in the 
ontext extensive real use isof an existing system) possibleTable 8.3: Experiments using in
remental versus novel approa
h8.1.5 PIM Resear
h MethodologiesSome of the experimental problems dis
ussed here are spe
i�
 to studies ofpersonal information management. For instan
e the priva
y and ethi
al issuesmentioned are 
onsiderable in personal information management. However, theproblems related to the experiments using a resear
h prototype involve general



190 CHAPTER 8. EXPERIMENTSexperimental problem in human 
omputer intera
tion resear
h.Resear
h of personal information management has revealed a set of 
ommonproblems in information organization and retrieval, as dis
ussed in Chapter 2and 3. Over the last de
ades novel solutions and radi
al ideas 
ompared to ex-isting systems have been proposed in order to address these problems [WTN00℄,examples of su
h novel solutions in
lude Data mountain [RCL+98℄, Lifestreams[FFG96b℄, PAD Zoomable interfa
es [PF93℄, see also Chapter 4. However, mostoften only limited experiments, evaluation, and user testing of these novel ap-proa
hes have been 
arried out. Of 
ourse these approa
hes have to addressthe experimental problems mentioned above. Moreover no attention has beenon 
omparative experiments of these approa
hes [WTN00℄. Ea
h approa
h may
laim to have addressed important issues in personal information management.However, personal information management a
tivities are highly 
omplex andthus an approa
h may only provide valuable support of a subset of the a
tivitiesand aspe
ts of personal information management. Other aspe
ts and a
tivitiesmay have poor support or none at all.Experiments are needed in order to 
larify to what extent the di�erent ap-proa
hes address the personal information management issues identi�ed. Moreresear
h and experiments are needed in order to 
larify this. That is, to assessto whi
h degree an approa
h provides support for the a
tivities and di�erent as-pe
ts involved in personal information management. Comparative studies wouldneed a set of methodologies in order to be approa
hed in a 
onsistent way. How-ever, the �eld has to further develop the understanding of personal informationmanagement and the problems involved. This is needed if 
ommon tasks shouldbe established and used as the basis for 
ondu
ting 
onsistent experiments, and
ondu
ting meaningful 
omparisons. Su
h methodologies have yet to be devel-oped in the resear
h area [WTN00℄.The resear
h prototype des
ribed in the previous 
hapter represents a pilotimplementation of the key 
omponents of the uni�ed attribute-oriented approa
hto personal information management. It allows initial experiments to be 
arriedout, as the resear
h prototype has a set of limitations that prevents it frombeing used on a large s
ale as a tool for supporting daily personal informationmanagement a
tivities. In terms of the experimental dilemmas initial laboratoryexperiments may be 
arried out. This means initial experiments with simulated



8.2. EXPERIMENT 1 { PIM PRACTICES 191information and tasks. However, the experiment has been divided into two parts{ a semi-stru
tured interview and a pilot usability experiment.8.2 Experiment 1 { PIM Pra
ti
esThe �rst experiment aims to obtain a qualitative insights and an understand-ing to the way in whi
h subje
ts perform personal information management intheir existing environment. The purpose of the experiment is to obtain an un-derstanding of personal information management pra
ti
es and issues and theproblems involved in personal information management a
tivities. The aim isalso to identify problems in 
urrent intera
tive systems used by the subje
ts tosupport their personal information management pra
ti
es.Additionally the purpose of the experiment is to study if the problems identi-�ed in prior studies exist with the use of present tools for the support of personalinformation management. This means to get a 
on�rmation of previous results,that is, to verify whether they also apply in present information environments.Information environments have 
hanged drasti
ally over the last de
ade espe-
ially due to the availability of vast information via networks. Thus additionallythe �rst experiment serves the purpose of getting a further understanding ofpersonal information management pra
ti
es and requirements for the support ofpersonal information management in intera
tive systems in present informationenvironments.Prior resear
h of personal information management has typi
ally fo
used ona single appli
ation or information type. For instan
e study of email manage-ment [Ma
88℄ [WS96℄ or bookmark management [ABC98℄. Contrary this exper-iment aims to take a uni�ed view on personal information management instead.Rather than studying the use of a spe
i�
 type of information or appli
ation,su
h as email use or bookmark management, the �rst experiment aims to addressthe information environment used by subje
ts as part of their daily informationmanagement a
tivities.
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tsEight people were interviewed about their information management habits andpra
ti
es. The subje
ts were 
hosen to represent di�erent people who do most oftheir work at desks, and having a 
onsiderable use of information in their dailya
tivities. Additionally having a fairly extensive use of 
omputer-based toolsin their daily a
tivities in order to support personal information managementrelated a
tivities. This means users of intera
tive systems in whi
h they managepersonal information.The subje
ts interviewed were all male age 25{55. They in
luded two 
on-sultants, two a
ademi
 resear
hers, a systems administrator, two master levelengineering students, and a self-employed businessman. All subje
ts ex
ept onedid the main part of their work at desks and were dependent of di�erent typesof intera
tive systems, tools, and information in order to 
arry out their dailywork a
tivities. The self-employed businessman was an ex
eption as he did ap-proximately half his work at the desk and the remaining work out of the oÆ
e.8.2.2 MethodologyThe experiment was 
arried out as semi-stru
tured interviews, see Appendix A.The interviews took pla
e in subje
t's own oÆ
e environment. The purposewas to perform the interview in their familiar information environment at theirworkpla
e. This enabled subje
ts to point out items and tools used as part ofeveryday a
tivities. The information environment in
luded all information inthe oÆ
e in
luding both paper-based and ele
troni
-based information. Thus italso in
luded the desk, shelves, bulletin board, whiteboard, et 
etera.The interviews took approximately one hour. Some subje
ts were very inter-ested in telling about their work and pra
ti
es, whi
h made the interview takelonger (in one 
ase up to two hours). Others subje
ts were a bit relu
tant toreveal their personal information and pra
ti
es.The experiment aimed to resear
h the information environment and the per-sonal information management pro
edures and habits. The interviews were 
ar-ried out as semi-stru
tured interviews where the interviewer tried to get thesubje
ts to tell as mu
h as possible about their personal information environ-
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ti
es. Initially the subje
tswere asked to des
ribe their work environment (the desk) and the tools used tomanage their information. This in
luded the physi
al desk as well as how theyorganize information by means of di�erent intera
tive systems and tools. Duringthe initial part of the interview the subje
ts were en
ouraged to tell as mu
h aspossible. For instan
e the interviewer asked them to think about things theywould do in a typi
al day, or what they did earlier the same day. Initially thesubje
ts were en
ouraged to give a tour of the oÆ
e and tools used on a dailybasis.Generally the interviewer aimed to ask open-ended questions allowing thesubje
ts to provide as mu
h information as possible. The initiative was given tothe subje
t when possible in order to en
ourage them to talk freely about theirinformation management pra
ti
es.. In some situations the interviewer wouldask questions in order to get 
lari�
ation. In other situations the interviewersupplemented by follow-up questions en
ouraging them to 
ontinue and providefurther details. Su
h questions in
luded "What is this?", "How/when do you dothis", and "Why is this information here?".During the interview the subje
ts would point at things in the oÆ
e andinformation environment. Having the interviews in their usual work environmentalso allowed to pose questions su
h as "What do you keep in this sta
k over here","When do you use these do
ument?", "What's the purpose of the notes here",and "How often do you use the stu� on these shelves?".After the initial part subje
ts were asked more spe
i�
 questions about emailuse, bookmarks, 
alendar use and management pra
ti
es. Additionally theywere en
ouraged to tell about problems and diÆ
ulties the tools or features theythought they were missing. Subje
ts were not asked any stru
tured questions assu
h during this part of the interview.
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ts were asked a set of questions in orderto en
ourage them to talk further about their pra
ti
es and possible problemsinvolved in their information management pra
ti
es. These questions in
luded:� How often do you have problems �nding the information that you arelooking for?� What do you think the reason is if you 
annot �nd the information?� What are the biggest problems organizing your information and why?� What do you think is the biggest issues in your 
urrent approa
h to organizeyour information? Is there anything you would like to do in a di�erent way?� Do you have suggestions to how the problems 
ould be solved?� Do you think you need additional tools in order to address the problem?Finally the subje
ts were asked to give an estimate of how stru
tured they
onsidered their information organization. The estimate was provided on a s
alefrom one to �ve, see Table 8.4.One Very goodTwo GoodThree NeutralFour PoorFive Very poorTable 8.4: S
ale for information organization pra
ti
es as indi
ated by subje
tsThe interviewer wrote down the answers from the subje
ts, in
luding sponta-neous utteran
es and a
tions they would make during the interview. For instan
ethis o

urred when demonstrating information management using intera
tivetools, or when pointing to information items in the oÆ
e environment. Su
hutteran
es were not answers to questions or the interview as su
h. For instan
eduring demonstration of their information environment they would �nd items
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lean up this".One subje
t a
tually brie
y started to 
lean up his bulletin board during theinterview when asked how the bulletin board was used. That is, attention wasbrought to the bulletin board and he realized it had not been 
leaned up for awhile.Additionally the interviewer observed the information environment, and noteswere taken on the appearan
e of various information items. This in
luded a briefdes
ription of the oÆ
e and its appearan
e. That in
luded notes on piles andbooks on the desk, shelves, bulletin boards, white boards, and other pla
es inwhi
h information items were kept. Additionally notes were taken on the toolsused for handling and managing information in the oÆ
e environment. Thisin
luded notes on 
omputer-based tools, su
h as, PC, PDA, mobile phone, et
etera, and paper-based tools, su
h as, 
alendar, s
hedules, notebooks, et 
etera.8.2.3 LimitationsA possible limitation to the experiment was that the subje
ts did not performa
tual tasks while being interviewed. The experiment did not in
lude observa-tion of a
tual tasks being performed as su
h. Rather the subje
ts were onlydemonstrating how they would use and manage their information. Potentiallythere is a gap between how they talk about their a
tivities and how they a
tuallyperform their a
tivities on a daily basis.On the other hand some subje
ts were willing to show their a
tual informa-tion organization s
hemes and explain why they have 
hosen to organized theinformation in they way they did.8.3 Experiment 2 { Pilot Usability ExperimentThe interview in the �rst experiment provided a brief understanding of the 
ur-rent information management pra
ti
es of the subje
ts. That is, it provided anintrodu
tion to the type of information that was dealt with on a daily basis andthe strategies and pra
ti
es used in order to manage the information. Addition-ally it gave insights to some of the problems and issues involved in 
arrying their
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tivities and personal information management.The interviews were followed-up by the se
ond experiment, that is, a pilotusability experiment evaluating the resear
h prototype des
ribed in the previous
hapter. This experiment is 
arried out in order to get initial understandingand insights into the uni�ed attributed-oriented approa
h in terms of its supportof personal information management. That is, to obtain some indi
ations towhat extent it addresses the issues identi�ed in the previous experiment and inprevious studies of personal information management.Thus the motivation of the study and experiments is to apply an attribute-oriented data model in the domain of personal information management, in orderto study how intera
tive systems support the 
hara
teristi
s of personal infor-mation. The experiment is therefore 
onsidered a pilot usability evaluation ex-periment. However, the purpose is not to 
arry out a usability evaluation ofthe resear
h prototype identifying spe
i�
 user interfa
e problems. Rather thepurpose is to resear
h into the underlying model and uni�ed intera
tion. Theintention is to get initial indi
ations of the usefulness of the model for the sup-port of personal information management. This means the usability experimentsaims at obtaining insights to the impli
ations of the model and the uni�ed ap-proa
h rather than evaluating the user interfa
e of the resear
h prototype assu
h. Additionally the aim is to establish suggestions on how to 
arry out fur-ther resear
h of personal information management and provide suggestions forfurther development of the approa
h.8.3.1 Subje
tsThe subje
ts used in this experiment were the same as the ones used in theinterviews in the previous experiment. The previous experiment was 
arried outin order to get an understanding of the tasks, a
tivities and pra
ti
es used by thesubje
ts. This provided a ba
kground on whi
h to 
ontrast the results from thisexperiment. That is, it is possible to relate their reported personal informationmanagement a
tivities to how they rea
t to an alternative approa
h to personalinformation management and the resear
h prototype.As mentioned previously the subje
ts were 
hosen to represent di�erent typesof people who do most of their work at desks, and having a 
onsiderable use of
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tivities. Also that they already had a fairly extensiveuse of 
omputer-based tools in order to 
arry out personal information manage-ment related a
tivities. Thus the subje
ts were 
onsidered to represent potentialtarget users of this type of approa
h to the support of personal informationmanagement.Using the same subje
ts in the se
ond experiment 
ould potentially be 
on-sidered a methodologi
al problem. It 
ould be argued that the subje
ts parti
i-pating are biased by the interview and the emphasis on problems in 
urrent toolsduring the interview. However, as the aim of the explorative experiment is to getinitial insights only this problem was 
onsidered to be limited. Also the purposewas to 
ontrast their rea
tions to the model and resear
h prototype against theinformation they had provided about their personal information managementpra
ti
es.Using eight people for the experiment may be 
onsidered a small samplesize. However, studies have shown that �ve test subje
ts will typi
ally revealabout 80% of the problems in a design being evaluated [Nie93b℄. Se
ondly thelimited fun
tionality of the resear
h prototype prevented extensive experimentsto be 
arried out and involving real situations of use. Thus eight subje
ts are
onsidered suÆ
ient for 
arrying out a pilot experiment.8.3.2 MethodologyThe methodology 
hosen for this experiment is based on a usability experiments
arried out as simple thinking-aloud experiments [Nie93b℄ [J�r90℄. The subje
tswere provided with a few simple tasks to 
arry out using the resear
h prototype,see Appendix C. In the pro
ess of 
arrying out the tasks, the subje
ts wereasked to think-aloud. They were asked to utter any thoughts 
oming to theirmind while doing the tasks, in
luding any un
ertainties, doubts, or surprises.That is, if the resear
h prototype responded in ways di�erent from what theyexpe
ted.As mentioned above, due to the limitations of the resear
h prototype the realtype of tasks that 
an be 
arried out using the prototype are limited. Insteadsubje
ts were 
arrying out simple tasks using the resear
h prototype system.They were asked to imagine that they were using the resear
h prototype to
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lude storing emails, addressbook, bookmarks, to-do items, 
alendar appointments, and do
uments into thesame system { the resear
h prototype system.They were provided with a brief introdu
tion to the system that in
luded abrief explanation of the key elements of the model, see Appendix B. That the in-formation is represented by items having asso
iated attributes. The informationis organized in the system into di�erent views and that everything is a

essedusing the same user interfa
e of the resear
h prototype. Also that 
ommands
an be issued on the information items using the "A
tion" menu.As the former experiments were 
arried out in the information environment(oÆ
e) of the subje
ts also this experiment was 
arried out in that environment.The advantage was that subje
ts did not have to go into a laboratory for theexperiment. Instead an experimental ma
hine that were 
apable of runningthe resear
h prototype was brought into their familiar environment. However,using the resear
h prototype, simulated information, and tasks 
an de�nitelybe 
hara
terized as a laboratory experiment even though 
arried out in theirfamiliar environment.The resear
h prototype system had a default repository with typi
al per-sonal information, su
h as, emails, to-do items, 
alendar items, do
uments, mu-si
 tra
ks, et 
etera. The repository used in the experiments held approximately500 su
h information entities. This was 
onsidered a realisti
 quantity of infor-mation that 
ould enable the subje
ts to put themselves in a situation wherethey would be managing this information. Naturally the a
tual quantities ofpersonal information kept by subje
ts are highly individual and varying. Asdis
ussed in the beginning of this 
hapter an experimental dilemma is that thisinformation kept in the repository was not personal information belonging to thesubje
ts. Moreover the subje
ts did not organize the information into the sys-tem. However, the purpose of the experiment was not to study how the subje
tswould manage their own personal information in the system, but rather to getsome initial indi
ations of the use of the system approa
h in terms of supportingpersonal information management.
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tion and the simple tasks should give the subje
ts an under-standing of the model and approa
h to personal information management.� Che
k the email inbox� Asso
iate an email to a parti
ular proje
t� Create email� Send email� Navigate the bookmarks� Find and a

ess a bookmark� Navigate the musi
 in the system� Start a musi
 tra
kSee also Appendix C.An issue to deal with in 
arrying out su
h experiments is to 
hoose the rightgranularity of test tasks and a
tivities for the subje
ts to 
arry out. It 
ould beargued that the test tasks should 
orrespond to tasks that the subje
ts wouldnormally 
arry out during everyday situations of use where personal informationmanagement is 
arried out. Creating su
h tasks and a
tivities that 
orrespondsto the tasks 
arried out by the subje
ts on a daily basis is diÆ
ult, as they havehighly individual pra
ti
es. Though the subje
ts were in an arti�
ial situationof use, they were able to relate to the problems of managing and retrieving thekind of information that was kept in the system. The issue was also addressedby asking additional questions during a short debrie�ng session at the end of theexperiment.As mentioned during the thinking-aloud part of the experiment the test sub-je
ts were performing a set of simple test task using the resear
h prototype imple-mentation. The subje
ts were asked to think-aloud and en
ouraged to utter anyproblems en
ountered performing the tasks. It was observed how they performedthe a
tivities and tasks, and the problems they would en
ounter doing this. Theobserver took notes of the observations, in
luding utteran
es by the subje
ts
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ountered when performing the simple tasks. The purpose ofthe experiment was to get initial feedba
k and insights into the resear
h proto-type and the underlying model for personal information management. Thereforethe attention was on problems related to the model and approa
h rather thanspe
i�
 problems in the simple user interfa
e implemented in the resear
h pro-totype. The method should therefore also be 
onsidered a step in performing aniterative design of a more extensive system that 
ould potentially be used in realsituations of use.8.3.3 Debrie�ngThe experiment ended with a short debrie�ng session. This was meant to bea short follow-up dis
ussing of the approa
h and the problems en
ountered bythe subje
ts. The subje
ts were asked to provide any 
omments they mighthave regarding the resear
h prototype, the approa
h, the information and tasksprovided, or the experiment in general. See Appendix D.Although this was initially meant as a short session for 
lari�
ation, thispart of the experiment turned out to be a quite fruitful some subje
ts providedgood feedba
k during this session and it was possible to dis
uss the issues inretrospe
t. Some subje
ts were very interested in the approa
h and thereforeprovided interesting and fruitful feedba
k during the debrie�ng session. Thismeant that they would also 
omment on things beyond the spe
i�
 tasks andeven relate the approa
h to their everyday tasks and strategies for performingpersonal information management.8.4 SummaryThis 
hapter has des
ribes the experimental approa
h taken. The experiments
arried out 
onsisted of two di�erent experiments. This in
luded semi-stru
turedinterviews to get insights to the personal information management pra
ti
es
arried out by the subje
ts. Additionally a pilot usability experiment involvingthe resear
h prototype was 
arried out in order to resear
h into the impli
ationsof the uni�ed attribute-oriented approa
h for personal information management.The subje
ts and methodology of the experiments was des
ribed in this 
hapter.



8.4. SUMMARY 201The 
hapter also emphasized the experimental dilemmas involved in resear
h ofpersonal information management.





Chapter 9Results and Dis
ussionThis 
hapter presents the results from the experiments des
ribed in the previ-ous 
hapter. The �ndings on personal information management pra
ti
es gainedfrom the semi-stru
tured interviews are presented and dis
ussed. Similar the re-sults from the pilot usability experiment 
arried out using the resear
h prototypeare presented and dis
ussed. Finally some suggestions for establishing furtherresear
h in the area of personal information management are dis
ussed, basedon the experien
es from this study.9.1 Results: Semi-Stru
tured InterviewsThe semi-stru
tured interviews provided good insights to the 
urrent informationpra
ti
es used by the subje
ts. In the past two de
ades studies similar to thisstudy have been 
arried out. However, over the last de
ade new tools for sup-port of 
ommuni
ation and information retrieval has be
ome widespread. Mostremarkable is the use of email for 
ommuni
ation and World Wide Web as anin
reasingly important sour
e of information. Therefore a se
ondary purpose ofthe semi-stru
tured interview was to get some indi
ations of 
urrent informationmanagement pra
ti
es and do 
autious 
omparisons of these �ndings to priorstudies.
203



204 CHAPTER 9. RESULTS AND DISCUSSIONAs dis
ussed in the following se
tions the interviews generally 
on�rmed �nd-ings of earlier studies. Thus it indi
ates that problems identi�ed in earlier studiesof personal information management still apply with the personal informationmanagement support provided by 
urrent systems. In general there are someindi
ations that new systems and approa
hes used 
urrently has not 
hangedthe fundamental problems of personal information management that has beenreported in resear
h over the last 
ouple of de
ades.9.1.1 Individual StyleThe �rst observation that is apparent from the interviews with subje
ts is thatpersonal information management pra
ti
es are widely varying and individualstyles are noti
eable. Some subje
ts had strong systemati
 approa
h in theirinformation management pra
ti
es, whereas others did not. One subje
t evendes
ribed his personal approa
h as being 
haoti
. The individual di�eren
esamong subje
ts were observed in two ways. One was the indi
ation of organi-zational pra
ti
es used by the subje
ts. The other was based on observation ofthe appearan
e of the physi
al oÆ
e as well as the strategies for organization ofinformation supported by various intera
tive systems.The observations of the oÆ
e environment gave good insights to individualstyle used for personal information management. Some oÆ
es where 
hara
ter-ized by neatly organized information in ring binders organized in shelves andonly few papers, books, and other information on the desks. Other oÆ
es where
hara
terized by many loosely organized piles of paper on the desk, books, pa-pers, and other information s
attered in the oÆ
e environment. Some subje
tshad very large piles of paper on the desk, and shelves that appeared very messy.Based on these observations of oÆ
e environments the subje
ts 
ould de�nitelybe divided into two di�erent groups similar to those provided by Malone [Mal83℄:the neat oÆ
e and the messy oÆ
e. This is a rough way of 
ategorizing the oÆ
eenvironments and a few subje
ts 
ould not easily be 
ategorized into one or theother.Additionally subje
ts were asked to judge how stru
tured they 
onsideredtheir approa
h to personal information management. The level of stru
tureindi
ated by subje
ts varied between 1 (best) and 5 (worst) among the subje
ts,



9.1. RESULTS: SEMI-STRUCTURED INTERVIEWS 205see Table 9.1. 1 2 3 4 5very good good neutral poor very poor1 3 2 1 1Table 9.1: Indi
ations of how stru
tured subje
ts 
onsidered their personal in-formation management pra
ti
esThe purpose of this was not to get quantitative measure, but rather to getan understanding of subje
t's own understanding of their personal informationmanagement pra
ti
es. A 
ouple of the subje
ts that indi
ated organizationlevel 2 said that they meant that they were fairly stru
tured in managing theirinformation. However, the reason their reply was 2 was they felt their pra
ti
es
ould be improved a little in order to keep and organize their information better.One subje
t hesitated when providing an answer to the question. His oÆ
ewas quite messy and he also ended up indi
ated being unstru
tured (4). How-ever, he added that even though he knew the oÆ
e was messy and that he wasquite unstru
tured he somehow always knew where to �nd his information. Thepoint is that the di�eren
es mentioned here do not indi
ate the eÆ
ien
y of theindividual personal information management strategy. The subje
ts in the studyhad di�erent information needs and di�erent tasks were 
arried out. Thus anysu
h 
omparisons would be inappropriate.Generally the impression of the oÆ
e in terms of being neat and messy 
orre-sponded to the indi
ation provided by the subje
ts. That is, subje
ts indi
atingstru
tured also had a neat oÆ
e, and subje
ts indi
ating unstru
tured appearedto have a messy oÆ
e. Again there were a few subje
ts that 
ould be 
hara
ter-ized as being somewhere in between.The study 
learly indi
ated highly individual style and personal informa-tion management pra
ti
es. This in
luded di�erent levels of use, and di�erentstrategies in handling the information. Another way to 
hara
terize the subje
tswas their preferen
e for �ling versus piling strategies. That is, the ones withneat oÆ
es 
ould be 
hara
terized as using mainly a �ling strategy, whereas the
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es 
ould be 
hara
terized as using mainly a piling strat-egy. However, the semi-stru
tured interview revealed that they typi
ally used a
ombination of the two approa
hes.Finally, a 
ouple of external fa
tors were observed as well. It was observedthat the individual style was in some 
ases in
uen
ed by 
ompany rules andpoliti
s. In a few 
ases 
ompany poli
y required the employees to leave a 
leandesk at the end of the day. Su
h poli
ies 
ould possibly impose a person to workin a more stru
tured fashion than would otherwise be the 
ase. The subje
ts that
ould be 
hara
terized as having a messy oÆ
e were not subje
t to su
h rules orpoliti
s. The point is that in some 
ases it was observed that external fa
torshad some impli
ations on the personal information management pra
ti
es.9.1.2 Tools UsedBesides the apparent di�eren
es in level of stru
ture of the information pra
ti
esthere were other individual di�eren
es as well.The subje
ts that were sele
ted for the experiment did most of their work atdesks and had a 
onsiderable use of information in their daily a
tivities. Theyused di�erent 
omputer-based and paper-based tools in order to keep and man-age their information. All had a fairly extensive use of 
omputer-based toolssupporting personal information management as part of their daily a
tivities.The interviews revealed that subje
ts used di�erent intera
tive tools to man-agement their personal information in di�erent ways. The use of informationand various tools are summarized in Table 9.2.Generally subje
ts indi
ated to use only a fra
tion of the fun
tionality avail-able in the intera
tion information tools. For instan
e in the use of handheldinformation applian
es su
h as PDA's and mobile phones the subje
ts indi
atedthat they only used a fairly limited fun
tionality and information in those appli-an
es.All subje
ts had a mobile phone, whi
h were generally used primarily for
alls and messaging (SMS). Only two of the subje
ts used more fun
tionality inthe phones. One used it to hold reminders, saying that it was the only devi
ethat he would always 
arry, why it was suitable to keep reminders in the mobile
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troni
 informationEmails x x x x x x x xConta
ts/addresses x x x x x x x xTo-do items x x xDo
uments x x x x x x x xBookmarks x x x xCalendar items x x xMusi
 items x x x xImages x x x xInformation applian
esPC x x x x x x xLaptop x x x xMobile phone x x x x x x x xPDA { x { xPaper-based systemsNotebook (diary) x x x xCalendar or organizer x x x x x xBulletin board x x xShelves (paper ar
hive) x x x x xTable 9.2: Indi
ations of information and tools used by subje
ts(x) indi
ates use, ({) indi
ates partly-used (seldom), and blank indi
ates no usephone. Even though some subje
ts had mobile phones with personal informationmanagement features these features were hardly used. One subje
t 
ommentedthat he had tried using the 
alendar fun
tionality but had given up, as it wastoo diÆ
ulty to use and not worth the e�ort. Four subje
ts owned a PDA butonly two of them used them on a regular basis. The information kept in thePDA was appointments and other 
alendar information. Thus the subje
ts inthe experiment 
ould be 
hara
terized as having limited use of PDA's.
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ts ex
ept one used desktop 
omputer systems on a daily basis. Theone subje
t used a laptop 
omputer instead. All subje
ts used email, and indi-
ated that they needed email as part of their daily a
tivities. Also all subje
ts
arried out some level of do
ument management in their desktop environment.Only a few subje
ts kept spe
i�
 to-do items in their ele
troni
 system in orderto support reminding. However, the reminding fun
tion was then supported indi�erent ways, as dis
ussed in the next se
tions. Subje
ts' management pra
-ti
es and use of the di�erent information types are dis
ussed further in the nextse
tions.As mentioned the subje
ts in the study were extensive users of desktop sys-tems and ele
troni
 information. However, also paper-based systems were usedto some extend. Espe
ially dissimilarities in the way 
alendar information washandled were observed. On the one end of the s
ale subje
ts used paper-based
alendars only. One subje
t mentioned that the 
alendar was his single mostimportant tool for his daily a
tivities and that it would not be impossible to
arry out the day without the 
alendar. All his appointments and other valu-able information were written into the 
alendar. Three subje
ts reported usingboth paper-based and ele
troni
-based 
alendar systems. For instan
e the ele
-troni
 
alendar would be used for all business appointments and the paper-based
alendar for both business and private appointments. Only two subje
ts usedele
troni
 based 
alendars only. Additionally half the subje
ts used some kindof paper notebook or diary to keep information.All subje
ts used paper-based information in some way or another. In ea
hoÆ
e that was observed in the experiment some kind of paper-based systemwas observed. The majority of subje
ts had some kind of paper-based ar
hivingsystem where they kept the paper-based information at some level of stru
ture.Other subje
ts did not have a paper ar
hive as su
h. At least their use of paperwas limited so they only kept a limited amount of paper-based information forlonger periods of time. One subje
t kept a large paper-ar
hive with informationthat was several years old. However, he reported that use of information fromthe ar
hive was extremely rare. Finally, in the oÆ
e environment shelves andbulletin boards were also used to keep information.The 
hoi
es of personal information management tools also illustrate thehighly individual styles and pra
ti
es. Additionally the di�erent types of infor-
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ts illustrate the di�eren
es in information needs andrequirements.9.1.3 Information TypesThe observations reveal a diversity of information and information types beingused in order to 
arry out daily a
tivities. A list of some of these informationtypes 
an be seen in Table 9.2 above. The information was used to support avariety of a
tivities that were 
arried out on a daily basis.All subje
ts were users of email as an integrated part of 
ommuni
ation intheir everyday life. As part of their e-mail system subje
t had lists of 
onta
ts.It was interesting to observe that subje
ts had multiple su
h lists of 
onta
tsand addresses kept for di�erent purposes. That is, one 
ontaining e-mail ad-dresses (typi
ally asso
iated with the e-mail system), and another address book(paper-based or ele
troni
) to keep physi
al address information and phone num-bers. Some subje
ts reported to have several su
h address lists kept for di�erentpurposes.Additionally all subje
ts kept some level of do
ument ar
hive and thereforeneeded some kind of do
ument management system. Di�erent strategies andtools were used to keep su
h do
uments, again unders
oring the high level ofindividuality in personal information management. Similarly half the subje
tsused 
omputer-based tools to keep musi
 and image ar
hives. Again di�erentstrategies and tools were 
hosen in order to manage the information. Some usedthe native �le system to manage and organize musi
 and images, whereas othersused spe
ialized tailor-made tools to manage musi
 and images �les.It was also found that some subje
ts related information a
ross a
tivities. Forinstan
e a 
ouple of subje
ts had an extensive use of the e-mail system, and usedit for additional purposes beyond e-mail. It was observed that some subje
tsalso used e-mail management system to keep other types of information. Similarto what has been reported in other studies [Ma
88℄ it was found that a
tivitiessu
h as, task management, reminding, and do
ument management was 
arriedout using e-mail systems. For instan
e subje
ts used the ar
hiving fa
ility inthe e-mail system to store do
uments rather than (or supplementing) storingdo
uments in the �le system. Generally there were indi
ations that e-mail tools
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entral role in the 
oordination and management of several di�erenttypes of personal information management. Two subje
ts reported that theypreferred one tool (the e-mail system) that provided a

ess to and managementof their information. Similar to previous studies [Ma
88℄ [BDHS03℄ this studyalso indi
ated that e-mail systems have be
ome an important tool ful�lling thisrequirement. Overall the study 
on�rms that a diversity of information is usedto support a variety of a
tivities that is being 
arried out on a daily basis.9.1.4 Information Units and Stru
tureThe information units that were used by the subje
ts in
luded the di�erent in-formation types mentioned above. For stru
turing of information di�erent unitswere identi�ed. In the pro
ess of stru
turing the information in terms of 
olle
t-ing information in groups, two di�erent stru
tural approa
hes were identi�ed.As mentioned previously some subje
ts used unstru
tured piles of do
umentsas a way of organizing the information. Others used more formally �ling ofinformation. Thus piling and �ling strategies were also identi�ed in this study.Moreover the information used by the subje
ts where organized in di�erentways. The stru
turing of information in
luded:� Unstru
tured information, whi
h in
luded information that was not putinto any formal information stru
ture as su
h. Examples in
luded infor-mation left in physi
al or virtual inbox, information left on the desktop, orinformation left in random piles. For some piles subje
ts were not 
apableof providing a good des
ription of the 
ontent of the pile. The piles werereported to hold mis
ellaneous information.� Loosely or semi-stru
tured information, whi
h in
luded information thatwas organized in semi-stru
tured piles. That is, even though the do
umentsin piles were unordered ea
h pile 
ould be 
learly identi�ed and provideda heading by the subje
t. Some examples reported by subje
ts in
ludedpiles of a
tion items, information gathered for a parti
ular proje
t, oÆ
ialdo
uments, reading material.
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tured information, whi
h in
luded information that was ar-
hived in some formal way. For instan
e one subje
t had an extensivehierar
hy of emails stored in his email system. The subje
t reported tostore almost all e-mail that he re
eived in this hierar
hi
al informationstru
ture. Also a few subje
ts kept paper-based information organized informally stru
tured ar
hives.In addition to the di�erent levels of stru
turing of information reported above,the studies identi�ed di�erent 
lasses of information use as well. The informationuse reported by subje
ts 
ould be 
lassi�ed into three di�erent sets, similar tothe way it has been reported in prior studies [Col82℄ [Mal83℄ [BN95℄. Informationwas handled and stru
tured in di�erent ways whi
h 
an be des
ribed as threelevels of intera
tion with the information:� Ephemeral information { was found as information that would be used fora short period of time only. Thus it would not be stored in any formalway but typi
ally deleted shortly. Examples of su
h information in
ludede-mails re
eived that were simply read and immediately deleted. Anotherexample is notes written on a pie
e of paper for instan
e during a phone
onversation and dis
arded qui
kly.� Working information { was found as information that were used presentlyas part of ongoing a
tivities. This was observed as the immediate a
tivedo
uments on the 
omputer s
reen, and do
uments and piles kept in theimmediate information environment.� Ar
hived information { was found as information �led for possible laterusage. All subje
ts had paper-based and/or ele
troni
 ar
hives.9.1.5 Storage, Retrieval and Classi�
ationThe experiment also provided indi
ations of storage and retrieval issues. As men-tioned previously subje
ts used widely varying information management strate-gies. Some subje
ts used elaborate hierar
hi
al �ling s
hemes whereas otherstored little information for later use, and thus used mu
h simpler �ling s
hemes.
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ts had extensive hierar
hi
al information stru
tures in whi
hthey kept information used as part of ongoing work tasks, or information thatwas kept for later use. Others used very simple s
hemes. For instan
e one subje
treported that he had 
reated a simple �ling s
heme for his information, where hewould organize the information in very few 
ategories. The 
ategories either hadproje
t names or 
arried the name of the sour
e from whi
h the information wasobtained. Another subje
t used an extensive �ling s
heme. When asked aboutthe amount of information in this system he had the system 
ount the number of�les. It turned out he had almost 450 do
uments in 44 
ategories. It was quitea surprise for the subje
t that he had this mu
h information stored.One subje
t printed out most ele
troni
 information and kept it in a paper-based ar
hive instead of keeping it online (the ele
troni
 version was deletedafter it was printed). Thus only little ele
troni
 information was ar
hived bythis subje
t. Information su
h as emails were also printed and kept togetherwith information related to a proje
t, a 
ustomer, or some other organizationalunit. However, it was noted by the subje
t that the information almost neverused on
e a task was 
ompleted and the information has been stored in thepaper ar
hived. As long as the information was a
tive and used it was not inthe ar
hiving systemAs an example of storage and retrieval an interesting �nding was that book-marks were only used to a limited extent by the subje
ts. Moreover the bookmarkfeature in webbrowsers was seldom used, as found in other studies [ABC98℄. Ifused it was typi
ally only for a fairly limited number of bookmarks. However,one subje
t had an extensive hierar
hy of bookmarks, but reported that only afew of them were used on a regular basis. A subje
t that did not use bookmarksreported that he had given up using an ar
hive of bookmarks at some point.Now he relied on �nding his information by sear
hing on the web with a sear
hengine. It is noti
eable that this subje
t also reported to have an extensiveuse of the web for �nding information relevant for his everyday work a
tivities.Nevertheless that did not make him use the bookmark feature even for the setof websites he would visit on a daily basis. It was per
eived as not worth thee�ort storing the information, as typing the address or sear
hing was per
eivedas a more eÆ
ient way of retrieving information. Thus this �nding indi
ates thedilemma that people want to spend as little time storing information as possible.On the other hand retrieval should also be eÆ
ient. In this example the subje
t
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h and remembering and typing addresses was the mosteÆ
ient approa
h.Problems in 
lassi�
ation of information and 
reation of �ling s
heme werereported. As mentioned above there are examples of subje
ts reporting to havegiving up �ling information. A subje
t made the 
omment that the problemof reorganizing his information was solved when swit
hing to a new desktopma
hine. It would have taken days or weeks to go through the informationon the old system, and thus only the information that was 
onsidered 
riti
alto the work was transferred to the new system. The subje
t realized that thesolution that would be the easiest would be to simply start over and 
reate anew information stru
ture on the new ma
hine.Some related observations were done in the study. Some subje
ts reportedto reorganize the information o

asionally and 
lean up the information thatwas no longer needed. Thus they would periodi
ally 
arry out a 
leaning sessionreorganizing and dis
arding information. Other subje
ts did not 
arry out su
h
leaning sessions at all, and some subje
ts kept little information in an ar
hive.Some subje
ts used similar information stru
tures a
ross di�erent informationtypes. That is, similar 
ategorizations of the personal information were used indi�erent appli
ations. For instan
e information related to proje
ts were kept insimilar stru
tures in the email system and in the �le system stru
ture. Keepingsu
h similar stru
tures a
ross appli
ations boundaries means that the subje
tswere manually maintaining and updating the multiple stru
tures. This meansextra information management tasks in terms of repeating tasks su
h as 
reating
ategories, and reorganization of the information stru
tures. The use of the sameor similar information stru
tures lead to extra administrative burden on the user,and may be an indi
ation of a need for a uni�ed approa
h to the organizing ofinformation.9.1.6 RemindingAs seen in Table 9.2 only three subje
t used expli
it ele
troni
 to-do items, usinga system spe
i�
ally for that purpose. However, reminding was also supported bydi�erent approa
hes. A 
ouple of subje
ts reported that they sometimes e-mailedthemselves a reminder. The e-mail being available in their inbox helped them
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he
k the e-mail inbox often. The subje
t thatused his mobile phone for reminders reported that sometimes he would get anaudible reminder from the phone. This was sometimes in
onvenient, as he wouldswit
h it o�, and then a
tually forget about the reminder. This unders
oresthe �ndings of other studies [BN95℄ that reminding 
an be a

omplished withdi�erent kinds of information but is useful when the information is left in alo
ation that is frequently visited.Although subje
ts tended not to use expli
it software for reminding, it wasfound that they used other ad ho
 methods for keeping information remindingthem of tasks to 
arry out. As mentioned above one su
h ad ho
 method is thatsubje
ts send e-mails to themselves in order to keep a reminder. Also subje
tsreported to leave information, do
uments, or notes in parti
ular pla
es in orderto be reminded of tasks to 
arry out.The la
k of suÆ
ient support for reminding in intera
tive tools was alsoobserved by the number of Post-It notes that were used in the oÆ
e environment,and in one 
ase on the frame around the display on the 
omputer monitors. Againit indi
ates the importan
e of keeping reminders in pla
es that are frequently seenor visited.9.1.7 Dis
ussionA 
ouple of interesting examples of unintended use were observed during theinterviews. These examples provided some indi
ations of systems not provid-ing suÆ
ient support for the apparent information management needs and thetasks that are 
arried out. There were also indi
ations that subje
ts tried to ob-tain uni�ed information management by means of unintentional use of existingsystems. That is, they had 
reated information management pra
ti
es, whi
hallowed them to have a single a

ess point to a subset of their information, andthus one way of managing and intera
ting with this information.One example of unintended use is the storage of information other than emailsin the email system as mentioned previously. In that 
ase making the email sys-tem the primary tool for information management. Not surprisingly informationwas kept in the email inbox to serve as reminders of things to do. It was alsothat the email inbox provided both a pla
e for 
ommuni
ation as well as a pla
e



9.1. RESULTS: SEMI-STRUCTURED INTERVIEWS 215to keep to-do items.Besides to-do items some subje
ts also used the email system to store book-marks and do
uments, whi
h were relevant to their daily a
tivities, or ar
hivedfor later use. Subje
ts reported how they emailed information to themselvesand then later stored the information (as an email) into 
ategories in the emailsystem. This provided means of ar
hiving di�erent information types for lateruse.From an intera
tion perspe
tive this approa
h provides a uni�ed way of orga-nizing information of di�erent types. Instead of organizing information by typeby means of di�erent appli
ations, a single system is used to keep and orga-nized di�erent types of information items. The interviews revealed informationsu
h as to-do items, bookmarks, and do
uments being stored together in emailsystems into the information stru
ture 
reated by the subje
ts. Thus the ap-proa
h allowed the subje
ts to store information of di�erent types into the sameinformation stru
ture.Another approa
h that was observed in the interviews was the use of thehierar
hi
al �le system to store di�erent types of information. A 
ouple of sub-je
ts had 
reated extensive information stru
tures with 
ategories and levels ofsub-
ategories in whi
h they stored their information. This information in
ludedtraditional desktop do
uments, su
h as text do
uments, spreadsheets, presenta-tions and other �les. This was primarily for ar
hiving purposes, whi
h also meantthat the subje
ts did not keep personal information su
h as emails, appointments,
onta
ts, and to-do items in this stru
ture. Keeping a spe
i�
 do
ument in aparti
ular pla
e in the information stru
ture 
ould sometimes serve as a reminderof things to do.One subje
t used this stru
ture for keeping some bookmarks related to spe-
i�
 proje
ts that were worked on. But typi
ally the 
ontent, in terms of do
u-ments and from the parti
ular websites were kept instead of a bookmark to thewebsite where the information was found. The subje
t 
ommented that it wasfound ne
essary to keep a lo
al 
opy in 
ase the information was not availablefor retrieval later when needed.The interviews did not provide information to make generalizations or solid
on
lusions about the observed approa
hes to information management. For in-stan
e it is not possible to 
on
lude based on the available sample whether email
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ome a preferred way of doing management of informa-tion over traditional approa
hes. Additionally there are individual preferen
es.Nevertheless, the observations that su
h systems are used in this parti
ularway provide some interesting indi
ations that some subje
ts prefer a uni�ed wayof managing their information. However, it has to be noted that not all subje
tsused these uni�ed approa
hes, as some simply managed their information in dif-ferent subsets. For instan
e one subje
t indi
ated the preferen
e for keeping andmanaging di�erent types of information by means of di�erent systems, as it wasthen 
lear where the information 
ould be found. This indi
ates that the highlyindividual nature of personal information management must be 
onsidered.Half the subje
ts had 
reated approa
hes like the ones mentioned above. Thatis an approa
h that would allow them some level of a single uni�ed way of orga-nizing at least a subset of their personal information. Typi
ally the informationthat was used often or as part of ongoing work a
tivities would be organized to-gether a
ross information types. This type of information management approa
h
ould be 
hara
terized as being an information-oriented way of organizing infor-mation. In terms of intera
tion this means a noun-verb oriented approa
h, wherethe information is a

essed and managed through an information stru
ture andavailable tools applied to the information in the stru
ture.One subje
t stated that he preferred the existing (task) tool-oriented wayof organizing information. This means verb-noun oriented intera
tion where aspe
i�
 information tool is the starting point for using and managing informationof a spe
i�
 type. Also information of di�erent types is separated as di�erenttools handle them. The remaining subje
ts 
annot be 
learly 
hara
terized asone or the other, as they would use both approa
hes or keep little informationor only use a limited number of di�erent information types.The a
tual work tasks 
arried out and use of the various information types
ould have impli
ations for the strategies 
hosen by the subje
ts. The observa-tions and information provided in the interviews were not suÆ
ient to establishexplanations of relations between work tasks and the preferen
e of one informa-tion management approa
h over the other.The small sample size, and so
io-demographi
 
hara
teristi
s of the subje
tsmean that the results 
annot be generalized to the general populations. As men-tioned above personal information management pra
ti
es and behavior varies
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io-demographi
 groups. For instan
e this is indi
atedby the identi�
ation of both "messy" and "neat" oÆ
e types among the parti
-ipants in the experiment. Generally this wide individual diversity poses a setof 
hallenges for the experimental design and studies of personal informationmanagement. Also for software tools that aim to provide a suitable support ofpersonal information management a
tivities. Therefore it is paramount to havea 
omprehensive understanding of these a
tivities and the strategies used.Even though resear
h has been 
arried out in the area for the last de
ades,still a 
omprehensive understanding of the subje
t is needed [WTN00℄. A 
learunderstanding of everyday 
ore user tasks is needed. This in
ludes personalinformation management tasks, whi
h are 
arried out by a 
onsiderable amountof users of intera
tive systems every day.The visions of the paperless oÆ
e have been around for de
ades, but so far ithas not be
ome a reality. It is re
ognized that it may happen in domains wherea set of standard pro
edures and standard forms are 
ir
ulated. Su
h forms andpro
edures may be translated to ele
troni
 form.However, the results provide indi
ations and suggestions why the area ofpersonal information management is far from paperless yet. The results indi
atethat the support of personal information management in intera
tive systems isnot 
omprehensive. Not all aspe
ts of personal information management aresupported eÆ
iently by 
urrent approa
hes in intera
tive systems.Se
ond physi
al form fa
tors in
uen
e the situations of use. For instan
ethe 
arrying of an artifa
t itself may be an issue posing limits to its use. Forinstan
e the Palm handheld devi
e was designed to support personal informationmanagement and to be portable (
arried in a shirt po
ket) and thus 
ould supportmobile situations of use [Ber00℄. Also input and output 
apabilities may belimited, whi
h means limits of its use and possible situations of use.Some traditional paper-based solutions may simply be more eÆ
ient than
urrent intera
tive systems in some situations of use as indi
ated by the obser-vations. The individual must assess the short
omings of both approa
hes. A
o-existen
e of approa
hes 
ontinues to be the 
ase even de
ades after the initialstudies of personal information management, whi
h aimed to identify impli
a-tions for the design of intera
tive personal information management systems.It is still the 
ase even though the last de
ades have provided and resear
hed
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hes to personal information management. In any 
ase the needfor eÆ
ient support of personal information management has in
reased with thein
reased use of ele
troni
 information and the quantities of that information,su
h as, e-mails.Thus, in the domain of personal information management the vision of thepaperless oÆ
e is so far unful�lled. Further resear
h is needed to further un-derstand personal information management and experiments with di�erent ap-proa
hes to personal information management if a vision of paperless personalinformation management is even going to be ful�lled.9.2 Results: Pilot Usability ExperimentThe se
ond part of the experiment was a simple usability experiment with theresear
h prototype. As des
ribed in the previous 
hapter it was based on thethinking-aloud methodology. Subje
ts were given a brief introdu
tion to theresear
h prototype, and then provided with a number of tasks to 
arry out.During the experiments they were en
ouraged to think-aloud, and the observerwrote down their utteran
es.However, before dis
ussion the results from the experiment, the resear
h pro-totype is brie
y 
ommented. First of all the resear
h prototype is 
onsidereda simple proof of 
on
ept implementation as previously mentioned. That is, ithas been demonstrated that it is possible to 
reate a personal information man-agement system on the basis of the model presented. On top of the model isimplemented a user interfa
e that provides a uni�ed way of navigation, manag-ing, and using the information in the system. The di�erent adapters to di�erentexisting information sour
es enable the system to provide a uni�ed interfa
e todisparate information types.Altogether this leads to a system that demonstrates an attribute-orientedapproa
h and a uni�ed interfa
e to the management and use of personal infor-mation. Thus the resear
h prototype serves as an initial proof of the overall
on
ept. As su
h the limitations of the resear
h prototype means that it doesnot allow for extensive usability studies to be 
arried out.



9.2. RESULTS: PILOT USABILITY EXPERIMENT 2199.2.1 Tasks and InformationInitially the subje
ts were given a short introdu
tion to the resear
h prototypesystem, and the key 
on
epts of the model on whi
h it is based. After theintrodu
tion to the resear
h prototype the subje
ts were given a set of tasks, seeAppendix B and C.� Che
k the email inbox� Asso
iate an email to a parti
ular proje
t� Create email� Send email� Navigate the bookmarks� Find and a

ess a bookmark� Navigate the musi
 in the system� Start a musi
 tra
kAs the prototype system 
ontains adapters to existing information sour
e itwas possible to populate the system with di�erent types of existing information.Additionally a set of default views and a
tions were made available in the system,thus the resear
h prototype was able to simulate an environment for managingpersonal information. This in
luded simple support for information su
h as e-mails, to-do items, 
alendar information, bookmarks, and musi
 managementand use. As mentioned in Se
tion 8.3.2 during the experiment the resear
h pro-totype system held approximately 500 information entities representing di�erenttypes of personal information. Subje
ts were able to navigate, manage, and usethis information during the experiment, as was it their own personal information.As dis
ussed in the previous 
hapter the purpose of the experiment was notto test the user interfa
e of the resear
h prototype as su
h. Rather the purposeof the tasks was to �nd out if the subje
ts were 
apable of understanding theunderlying model on whi
h the system is built.



220 CHAPTER 9. RESULTS AND DISCUSSION9.2.2 FindingsThe main result was that subje
ts were able to understand the simple tasks theywere given and generally they were 
apable of understanding the 
on
eptualsystem and use the a
tual resear
h prototype. The immediate impression ofthe resear
h prototype user interfa
e was that it is not that di�erent from userinterfa
es of existing systems, su
h as email systems. Not until starting solvingthe tasks involving asso
iation of attributes with information entities did thesubje
ts observe the di�eren
es from existing systems. The intera
tion in thegraphi
al user interfa
e is similar to that of 
onventional systems.Generally the subje
ts were able to navigate the information in the system,that is, sele
ting di�erent views of information in the system. They navigatedthe views sele
ting di�erent information entities and attributes asso
iated withthe entities.Thus it seemed they were 
apable of understanding the 
on
ept, the model,and the parts of the model (entities, attributes, views, and a
tions). There wereno major problems solving the tasks, whi
h may be as
ribed to the fa
t that thesubje
ts were fairly experien
ed 
omputer users. Nevertheless a 
ouple of thesubje
ts did have doubts on how to a

omplish one task (asso
iation of a newattribute to an information entities), but after a while the observer gave briefhints to the menu in whi
h to look, and the subje
ts were able to 
omplete thetasks without further help.Another issue where that the subje
ts had to realize that they 
ould enter and
hange attributes dire
tly in a view. This was not obvious for all subje
ts. Froma user interfa
e perspe
tive this approa
h in the resear
h prototype is not similarto the way in whi
h information is entered or 
hanged in existing systems. Su
hsystems often require opening a di�erent window and altering the informationand then saving the 
hanges. However, as soon as the subje
t realized they 
ouldalter information dire
tly in the views it was no problem using this part of thesystem.The experiment indi
ated that the part of the user interfa
e that implementsthe assignment of new attributes to information entities 
ould be improved. Asmentioned above assignment of attributes in views were not a problem on
eunderstood. However, when an entirely new attribute needs to be assigned this
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t tried if they 
ould invoke a popupmenu on a spe
i�
 information entity. Although it 
ould seem an obvious way ofa

essing su
h fun
tionality it is not available in the 
urrent resear
h prototype.Instead the assignment has to be invoked from the menu bar on top of the s
reenand then the attribute is assigned in a popup display that provides informationabout the spe
i�
 information entity.9.2.3 Debrie�ng SessionIn addition to the tasks providing some initial results, the 
on
luding debrie�ngsession provided additional results and input for further development of the
on
ept and resear
h prototype. As mentioned the subje
ts were 
apable ofunderstanding the 
on
epts and use the resear
h prototype to 
arry out thesimple tasks. However, several of the subje
ts re
e
ted on the system during the
on
luding debrie�ng session.Surprisingly several of the subje
ts asked about the sharing 
apabilities inthe system. They spontaneously asked about this, that is, the interviewer didnot bring up the issue during the debrie�ng sessions or before. Several of thesubje
ts reported that sharing of their information was very important for theirjobs. Thus if this system did not support sharing of information they would notbe able to use it.Most of the subje
ts were interested in the approa
h. One 
ommented thathe -sometimes did not know in whi
h appli
ation to look for some informationthat he knew he had in the system somewhere. Thus he would have liked to tryout the approa
h more had it been a real system.The dis
ussion of generi
 vs. spe
i�
 support was also brought up duringthe debrie�ng sessions. One subje
t 
ommented that he would like to have asystem like this, as he always had the problem of organizing his information intodi�erent pla
es. Thus the subje
t seemed to like the idea of a uni�ed approa
h topersonal information management. However, in a debrie�ng session with anothersubje
t it was 
ommented that he understood the 
on
ept, but that he wouldprefer that his information be divided in di�erent appli
ations so that he knewwhere the information was. This subje
t 
learly preferred traditional spe
i�
support of personal information management. However, this approa
h leaves
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exibility to organize information in a spe
i�
 way or a
ross informationtypes. Not surprisingly this was not apparent to the subje
t after the shortintrodu
tion to and use of the resear
h prototype.Finally, very mu
h to the point a subje
t 
ommented that he liked the ap-proa
h and he 
ould see some advantages, however, he would have to use thesystem for a longer time to �nd out if he would prefer to organize his informationin this way.9.2.4 LimitationThe experiments have been 
arried out as 
ontrolled laboratory experiments.The proposed model implemented in the resear
h prototype 
ould not be evalu-ated in a real life setting, whi
h would be needed to be able to put forward solid
on
lusions about the NEXUS approa
h 
ontrasted against other approa
hes.The resear
h prototype used in the experiments is experimental software witha set of limitations, as mentioned in Se
tion 7.5. As su
h it does not representa fully fun
tional pie
e of software for personal information management. Thisposes a set of limitations on the experiments that 
an be 
arried out using theprototype. For instan
e the prototype 
annot be used in its 
urrent state forextensive studies in a real work setting.Future work would be to 
arry out experiments with real users 
arrying outtheir a
tual tasks using the system, and in a real work environment and in
ontext of their a
tual work. Moreover it would be preferable to 
arry out su
hexperiments over extended periods of time to make sure that the experiments are
omprehensive and 
apture results from the entire system model. For instan
e itis rather diÆ
ult to test the value of the reminding feature, as testing this featurein a laboratory experiment tends to be
ome somewhat arti�
ial. It leaves thetest subje
ts to spe
ulate or guess if this feature would be useful to them ina
tual use. Thus, 
on
lusions based on su
h results must be very 
autious andonly provide indi
ations of its usefulness.In order to 
arry out extensive resear
h experiments the resear
h prototypewould have to undergo extensive software engineering, similar to the developmentand engineering of an a
tual software produ
t. This would enable experimentswith real use of the model. For instan
e it would enable experiments with di�er-
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alability of the model evenfurther. However, this would require quite substantial engineering and develop-ment working hours. This dilemma seems to be a general 
hallenge to resear
hand experiments with novel ideas su
h as these. The question is to what extent aresear
h prototype needs to be implemented to be able to 
arry out experimentsthat 
an provide results on whi
h solid 
on
lusions 
an be made.Nevertheless, the results from the experiments are still valuable indi
ationsof the possibilities for personal information management software based on theattribute-oriented approa
h. In addition the experiments and results provide aset of suggestions for future resear
h, whi
h is also 
onsidered a 
ontribution tothe resear
h area.9.2.5 Dis
ussionThe pilot usability experiment has provided some initial indi
ations of the pos-sibilities of the model as a foundation for attribute-oriented systems supportingpersonal information management. Additionally it has provided input for furtherdevelopment of the resear
h prototype. An extended resear
h prototype wouldpotentially enable more 
omprehensive studies of the impli
ations of this modeland system for personal information management to be 
arried out.The resear
h prototype serves as a proof-of-
on
ept, whi
h indi
ate that itmay support di�erent levels of organization of information: Unstru
tured, semi-stru
tured and formally stru
tured information. However, the usefulness of themodel in real-life personal information management situations is in
on
lusivebased on the 
urrent results. The laboratory-based experiments does not pro-vide suÆ
ient basis on whi
h to draw solid 
on
lusions. Further developmentof the resear
h prototype would be needed 
ombined with additional and more
omprehensive experiments 
ompared to the pilot experiment des
ribed here.Nevertheless, the experiments have provided some initial indi
ations thatthe approa
h is worth resear
hing further. The subje
ts were generally ableto understand and use the model as the basis for 
arrying out simple personalinformation management tasks. Additionally most subje
ts provided positivefeedba
k, espe
ially during the debrie�ng sessions. Their rea
tion seemed toindi
ate at least a few of the subje
ts would possibly be interested in using the
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h prototype system if developed further. This 
ould potentially enablemore 
omprehensive studies of the approa
h to be 
arried out.Also, as no real information was used in the experiment it is in
on
lusivewhether the approa
h will support reminding in an eÆ
ient way. However, themodel and system enables leaving information in spe
i�
 lo
ations, whi
h havebeen found in other studies to enable the support of reminding. This indi
atesthat the model and system will at least support reminding at the same level as
urrent systems.An interesting topi
 that was brought up during the debrie�ng session wasuser preferen
es for task spe
i�
 versus generi
 appli
ations. It was 
lear thatsome subje
ts preferred one to the other. The one subje
t that 
learly indi
atedpreferen
e for task spe
i�
 approa
h said that he preferred the information to bein di�erent pla
es so that he knew di�erent items were lo
ated. This utteran
eindi
ated that he found the generi
 approa
h in NEXUS too 
omplex for hisneeds. This raises an interesting question whether su
h a generi
 approa
h leadsto less or added 
omplexity in a system for the support of personal informationmanagement. As mentioned the 
exibility of the approa
h allows both kinds ofinformation organization { task-oriented, type-oriented, or a 
ombination. Thatis, if the subje
t preferred to keep his information in separate pla
es, e.g. emailin one view, and bookmarks in another, the approa
h allows this kind of orga-nization. It is optional to organize information of di�erent types together in thesame views.Moreover in traditional systems users have to learn di�erent 
ommand setsfor ea
h appli
ation that they are using. Additional they must learn the spe
i�
user interfa
es and ways of navigating the information in the di�erent parts of thesystem. In this approa
h simpli
ity is provided through a limited and manageableset of 
ommands. Users basi
ally have to learn one set of 
ommands that applyfor navigation and management of information a
ross the entire system. The
ore system elements that need to be learned in order to use the entire systemare fever than in a traditional systems. Moreover it avoids the modal approa
hseen in traditional approa
hes.Nevertheless it is questionable whether users will per
eive the system as hav-ing a higher level of 
omplexity 
ompared to traditional approa
hes. The 
orefa
ilities apply a
ross the entire system, whi
h means that the user needs to
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ilities in di�erent situations for the support of di�erentpersonal information management a
tivities. Thus the approa
h may be per-
eived as 
omplex, as users would have to �gure out how to a

omplish spe
i�
tasks using the generi
 tools, 
ommands, and fa
ilities provided by the system.This means that they would have to 
ombine the 
ore building blo
ks of thesystem and use them in 
ombination in order to provide the support needed foran a
tual task at hand.It 
ould be argued that this issue 
ould be addressed by providing a set oftemplates, default views, and 
ommands in the NEXUS system. These fa
il-ities 
ould guide the user to possible usage of the system in order to supportspe
i�
 work tasks. That is starting points to ways of supporting task, su
has email. Nevertheless it is still un
lear what this will mean to the per
eived
omplexity of the system. Based on the data available from the study the impli-
ations of this generi
 approa
h to personal information management in termsof 
omplexity 
annot be determined. Further resear
h would be required to getan understanding of this spe
i�
 issue. However, there are some indi
ations thatsubje
ts are divided in groups that have preferen
e for the task-spe
i�
 approa
hand groups that have preferen
e for the generi
 approa
h. It is un
lear to whatextent this result is in
uen
ed by the 
urrent habits of the subje
ts. In any 
asethis result unders
ores the level of individual preferen
e and style in personalinformation management.Another issue that is un
lear is the s
alability of the approa
h in terms ofquantity of information and available 
ommands in the system. The pilot systemis working with 500 information entities, bus as no real use of the system hasbeen 
arried out in the experiments the s
alability issue is un
lear. Furtherstudies are needed in order to determine the possible s
alability of the approa
h,possibly in real use situations of use, with in
reasing information quantities andstru
tures evolving over time.9.3 Resear
h of Personal Information ManagementIn addition to the above-mentioned results this 
hapter is 
on
luded with adis
ussion of some dire
tions for further resear
h. Personal information manage-ment is not well established as a resear
h area. This proje
t has mainly taken
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omputer intera
tion perspe
tive on the phenomenon, but involvingother dis
iplines as well. Other perspe
tives are relevant to involve in furtherresear
h in the area.9.3.1 Prior Resear
h and AttentionSome initial studies of personal information management have been 
arried outsin
e the early 1980's. However, in general personal information managementhas re
eived limited resear
h attention so far and does not have an establishedresear
h 
ommunity. Personal information management studies have primarilyinvolved studies of spe
i�
 tools, su
h as, email or bookmark management. Lit-tle attention has been on the fa
t that di�erent types of personal informationare used together, and therefore multiple tools are typi
ally used together inorder to ful�ll everyday tasks and goals. Only re
ently some attention has beengiven to multiple information used together in personal information manage-ment [DCC+03℄.Di�erent studies have shown that personal information management is trou-blesome also with 
urrent intera
tive tools. The support of personal informationmanagement pra
ti
es in 
urrent systems is limited. For instan
e mu
h attentionhas been on ar
hiving of information. Moreover as the quantity of ele
troni
allyavailable information in
reases it be
omes a diÆ
ult task to keep tra
k of theinformation and organize it for later retrieval and use.A set of novel approa
hes for the support of personal information manage-ment has been proposed [FFG96b℄ [DEL+00℄ [AKA99℄. However, often theyonly address a subset of the problems involved in personal information man-agement. Similar to the studies of personal information management pra
ti
esthese proje
ts typi
ally do no take an integrative or uni�ed perspe
tive on theproblems involved in personal information management.The simple study 
arried out in this proje
t showed that subje
ts are usingmany di�erent tools and artifa
ts in di�erent situations in order to 
arry outtheir tasks and perform personal information management. This in
ludes usingthe immediate environment as a pla
eholder for information, for instan
e to servethe reminding fun
tion. Information is spread a
ross di�erent pla
es, lo
ations,and organized by means of di�erent s
hemes. In 
urrent intera
tive systems the
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heme is often determined by the user interfa
e of the system rather than by theuser. Information may also be spread a
ross di�erent applian
es and supportedby both paper-based and 
omputer-based systems.9.3.2 Relevan
eThe relevan
e of the establishment of further resear
h in the area has severalarguments. As mentioned studies have shown that personal information man-agement is both diÆ
ult and time 
onsuming. It is an a
tivity that is 
arriedout by millions of people (
omputer users) on a daily basis. Improvements inthe tools and systems that support personal information management 
ould thushave in
uen
e on many levels.Thus one argument for further resear
h in the area of personal informationmanagement is that our understanding of this 
omplex phenomenon is still fairlylimited. Another argument is that it 
ould potentially have e�e
t for millionsof users that 
arry out personal information management to support their dailytasks and a
tivities. Improved tools 
ould potentially in
rease the eÆ
ien
y andsupport of personal information management and user satisfa
tion. Improvingsupport of the management tasks, 
ould enable more fo
us on tasks at handrather than management of the information itself, and thus improve individualprodu
tivity. Perhaps it 
ould also be bene�
ial in a larger organizational andteamwork perspe
tive if the individual has better personal information manage-ment tools.It is relevant to establish appropriate methods and �nd dire
tions for furtherresear
h of personal information management. A set of problems 
an be ad-dressed ranging from resear
h and methodologi
al problems, to spe
i�
 problemsin the 
urrent artifa
ts and tools used to perform personal information manage-ment. Further studies of personal information management pra
ti
es should be
arried out in order to develop a better understanding of the area. This in-
ludes a better understanding of human rationales behind personal informationmanagement pra
ti
es.



228 CHAPTER 9. RESULTS AND DISCUSSION9.3.3 MethodologiesPersonal information management 
alls for interdis
iplinary resear
h due to its
omplexity. It involves human 
ognitive aspe
ts, 
ognitive psy
hology, informa-tion retrieval, human-
omputer intera
tion, traditional 
omputer s
ien
e issues,and mobile systems and 
ommuni
ation. There might be 
onne
tions to otherresear
h dis
iplines and resear
h areas as well.Further work needs to be 
arried out to establish methodologies for studyingpersonal information management. This in
ludes methods of studying personalinformation management pra
ti
es and use in existing environments, methodsfor the design of personal information management system, and methods forevaluating and potentially 
omparing systems that address personal informationmanagement. Methods used in prior studies of the area in
lude:� Interviews (semi-stru
tured interviews about personal information man-agement pra
ti
es)� Questionnaires� Observations (of physi
al or virtual organization of personal information)� Usability studies of novel approa
hes (have re
eived little attention)Some of the methodologi
al problems were dis
ussed in Se
tion 8.1. Amongthese is the private nature of the information being studies. Additionally itinvolves studies of pro
esses that are 
arried out over the 
ourse of days, weeks,and months in di�erent situations. This potentially makes observational studiesdiÆ
ult to 
arry out in terms of data 
olle
tion. Also longitudinal studies may beneeded in order to study personal information management as a phenomenon,as information use and organization 
hanges over time, and aspe
ts su
h asreminding need to be studied. This pose a set of limitations on laboratory studies,as they 
annot reveal all aspe
ts of a
tual personal information managementusage. This is also an issue when 
arrying out experiments based on prototypesystems su
h as the one developed in this proje
t.Little work has been done in order to establish methods in order to evalu-ate and possibly 
ompare di�erent approa
hes to the support of personal infor-mation management. This 
ould in
lude methods that enable qualitative and
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ompare di�erent approa
hes [WTN00℄. However,the establishment of su
h methods is diÆ
ult due to the 
omplexity involvedin personal information management and the highly individual approa
hes andstrategies used. The aim should be to evaluate an approa
h in general ratherthan spe
i�
 features. Also, as mentioned previously preferably longitudinalstudies should be 
arried out in order to 
apture use and 
hanges over time. Asthe tools are used on a daily-basis su
h studies more or less rule out laboratoryexperiments.9.4 Summary of ResultsThis 
hapter have presented and dis
ussed results obtained from the two exper-iments that have been 
arried out. The experiments involved a semi-stru
turedinterviews and pilot usability experiments.The semi-stru
tured interviews have generally 
on�rmed elements of the �nd-ings of prior resear
h of personal information management [ABC98℄ [Col82℄[Mal83℄ [Lan88℄. This is not a surprise, as some of the issues mentioned inSe
tion 9.1 have been identi�ed in di�erent studies of personal information man-agement. However, it is noted that these studies were mainly 
arried out over ade
ade ago. Therefore it is interesting to see if those �ndings still apply 
onsid-ering the 
hanges in intera
tive tools for the support of information managementand in
reasing available information through 
omputer networks. From the ob-servations there are reasonable indi
ations that the �ndings of previous studiesare still valid. Even though new intera
tive tools have be
ome available, theexperiments suggest that it is still the same fundamental problems of personalinformation management that humans are fa
ing.It is therefore interesting to 
onsider the reasons for these �ndings. Either itis due to fundamental human information management behavior. In the sensethat no matter what tools is provided the underlying 
ognitive me
hanisms andhuman information management behavior is the main reason for the problemsdes
ribed. Otherwise new intera
tive tools have simply not been 
apable ofaddressing these fundamental needs and provide me
hanisms to support andfa
ilitate the pro
esses involved in personal information management.
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ations that would suggest the latter reason is the fa
t that even moderninformation management tools (as dis
ussed in Chapter 4) require humans toorganize information in hierar
hi
al stru
tures, whi
h have been shown repeat-edly as problemati
 in many situations. On the other hand novel solutions thataim to address the problems have not been su

essful on a large s
ale. Thelimited resear
h results obtained in the personal information management areahave not been applied su

essfully, thus little progress has been observed overthe last de
ades. For instan
e hierar
hi
al information organization still seemsto be dominating in many intera
tive systems that involve personal informa-tion management. Examples are email software and bookmark management inwebbrowsers. Re
ently novel approa
hes inspired by hypermedia-based systemshave appeared as another alternative to the support of personal informationmanagement supporting stru
tures in terms of interlinked information.The main results of the pilot usability experiment are that subje
ts were 
a-pable of understanding the 
on
eptual system and use the resear
h prototype.They were 
apable of understanding the 
on
ept, the model, and the parts of themodel (entities, attributes, views, and a
tions). Thus the experiment providedsome initial indi
ations of the potential of the attribute-oriented models for thesupport of personal information management based on the results of the pilot us-ability experiments involving the resear
h prototype implementation. The modelenables 
exible information organization 
ompared to systems mentioned above.However, further development and experiments would be needed to 
ontrast theapproa
h to traditional approa
hes to personal information management. Thisis also needed in order to establish solid results on the impli
ations of the modeland uni�ed approa
h in terms of supporting personal information management.Finally resear
h of personal information management has been dis
ussed asan additional result. The topi
 has re
eived limited attention so far. Previouswork has fo
used on spe
i�
 information management and use. Methods forevaluating tools need to be established in order to potentially 
ompare di�erentapproa
hes. Some suggestions for requirements for further resear
h of the topi
have been dis
ussed.



Chapter 10Related WorkThe introdu
tion (Chapter 1) in
ludes a short summary of related work, andChapter 4 in
ludes a more detailed dis
ussed of related work dis
ussing existingsystem in terms of supporting personal information management. Therefore this
hapter aims to brie
y summarize the four proje
ts that are 
onsidered 
losestrelated to this proje
t. That is, to emphasize the similarities and di�eren
esamong these proje
ts 
ontrasted against the NEXUS approa
h and the results.The four approa
hes that are 
losest related to the approa
h studied in thisproje
t are 
onsidered:� Lifestreams { using a temporal metaphor (ele
troni
 diary) as the basi
organizational prin
iple for do
uments. Organization is temporal and tosome extent spatial. Also organization into substreams by topi
 
an be
reated with sear
h queries.� Haysta
k { MIT resear
h proje
t. This topi
-oriented organization of in-formation is based on a set of W3C standards and spe
i�
ally aims at thesupport of typi
al personal information management, su
h as emails, to-doitems, 
alendar information, bookmarks, et 
etera.
231



232 CHAPTER 10. RELATED WORK� Pla
eless do
uments { Xerox Par
 resear
h proje
t (in
luding the Presto �lesystem). This proje
t involves a framework and user interfa
e approa
h fortopi
 oriented organization of do
uments. Information items are visualizedspatially in groups based on asso
iated do
ument properties.� Lotus Agenda { Personal information management software from Lotusdevelopment (late 1980's). Enables topi
-oriented organization of informa-tion items into di�erent views based on the asso
iated attributes. It is atext-based system that mainly uses tabular visualization of the informationin the system.These approa
hes 
an be 
hara
terized as attribute-oriented (semanti
) ap-proa
hes at some level. The approa
hes allow ea
h information entity to beasso
iated with des
riptive attributes (metadata). However, there are only simi-larities in the underlying topi
-oriented approa
h. As seen in the short overviewabove the visual representation of information entities with asso
iated attributes,and the primary means of organization of these information entities varies amongthe approa
hes.At the same time these approa
hes also represent novel approa
hes to thesupport of personal information management. Although the Pla
eless do
umentsapproa
h is aimed for general do
ument management it has been applied forpersonal information management spe
i�
ally.10.1 LifestreamsAlthough the Lifestreams model [FFG96b℄ 
an be 
hara
terized as an attribute-oriented approa
h it is distin
tive being based on a temporal metaphor as theprimary organizational prin
iple for do
uments. The automati
 organizationof information by temporal attributes aims to address the problems introdu
edby hierar
hi
al systems. A set of operations is available to fa
ilitate �ndinginformation and organizing information into substreams based on sear
h 
riteria.Therefore the approa
h allows other ways of performing information organizationthan temporal. Generally information is organized into one-dimensional streams,that is, substreams (lists) of information entities [Fre97℄.
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us is on the information organization and management prob-lems, and less on a
tual data entry and use. Thus the model of intera
tion isstill appli
ation-based similar to the desktop approa
h and in a sense repla
ethe management of do
uments and �les. In other words implementations of theLifestreams model repla
es the navigation layer of desktop systems, but not thea
tual data entry and manipulation. Meaning that there is a 
lear separationbetween the navigation and organization of information on the one side and dataentry and use on the other. Information managed in the system has di�erenttypes. Su
h types of information introdu
e modes, whi
h is also apparent as dif-ferent appli
ations handle the di�erent information types being handled by thesystem. This introdu
es a set of di�erent user interfa
e modes { similar to the
ompartmentalized desktop approa
h. Thus the system seen as a whole has a setof di�erent modes of intera
tion. Contrary the NEXUS approa
h does not havethe same separation of information management and data entry. Informationand attributes 
an be entered dire
tly in views, and su
h information asso
ia-tions a�e
t the stru
ture of the information. This is the primary way in whi
hinformation is managed in the NEXUS approa
h. Organizing and manipulatinginformation in the NEXUS approa
h is essentially the same, as it is supportedthrough the same uni�ed interfa
e. However, it is noted that in NEXUS a similarissue 
ould arise if the purpose was to repla
e the navigation and organizationof 
oarse-grained information units.10.2 Haysta
kThe Haysta
k proje
t [AKA99℄ is also an attribute-oriented approa
h, whi
h isspe
i�
ally aimed at providing support for personal information management.Haysta
k is similar to NEXUS in that it experiments with "ways to in
orporatethe 
ustomization of user interfa
es into the bigger problem of personalized infor-mation management by providing a platform upon whi
h user interfa
es 
an bemodeled and manipulated with the same fa
ility as other metadata" [HKQ02℄.Contrary to the Lifestreams approa
h Haysta
k address both the issues of infor-mation management and data entry. The resear
h prototype system built in theproje
t is a system implemented from s
rat
h. This means it implements boththe information organization management fa
ilities, as well as a user interfa
e
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i�
ally targeted to support traditional personal information, su
h as, email,
alendar information, do
ument handling, et 
etera. Similar to the NEXUSapproa
h Haysta
k enables the use of existing storage infrastru
tures and usesURLs to identify the entities (do
uments).The main di�eren
e is in the details of the user interfa
e. It appears thatthe Haysta
k resear
h prototype has elements of an appli
ation-oriented userinterfa
e. That is, it has spe
i�
 parts of the user interfa
e dealing with spe
i�
information types, su
h as email and 
alendar. These parts may have spe
ial
ommands or parti
ular user interfa
e elements. However, it appears that themodel on whi
h Haysta
k is based essentially has the same level of 
exibility asthe one use in the NEXUS approa
h. The implementation of Haysta
k uses theResour
e Des
ription Framework (RDF) on whi
h an implementation of NEXUS
ould possibly also be built. However, the emphasis in the NEXUS approa
h hasbeen on personal information management aspe
ts rather than the details of animplementation. Similar to NEXUS the Haysta
k proje
t also aims to enableusers to 
reate 
ustom views of the information in the system.Haysta
k does not use the same approa
h to making 
ommands (fun
tion-ality) available in the system. In the NEXUS approa
h 
ommands apply atthe information levels rather than the view level. This means 
ommands aremodeless as they may apply to any information entity in the entire system re-gardless of the 
ontext. In traditional systems 
ommands typi
ally apply in a
ertain mode of operation involving spe
i�
 information types. Thus 
ommandsin other systems may only apply in the 
ontext of a view of parti
ular informationtypes. However, as a
tions in NEXUS apply to information entities having 
er-tain attributes asso
iated in pra
ti
e the out
ome may sometimes appear similar.Haysta
k does not appear to utilize a similar approa
h to 
ommands.10.3 Pla
eless Do
umentsThe Pla
eless do
uments proje
t [DELS99℄ is an attribute-based approa
h thattries to address the problems imposed by systems enfor
ing users to organize in-formation into parti
ular pla
es. The Pla
eless Do
uments proje
t has developedan ar
hite
ture for storing do
uments based on their properties. The user as wellas the system 
an spe
ify these properties, and similar to NEXUS the system



10.3. PLACELESS DOCUMENTS 235allows arbitrary properties asso
iated to obje
ts and has a 
olle
tion me
hanismfor aggregating do
uments. The Pla
eless approa
h enables the properties toserve as spe
i�
ation of a

ess 
ontrol and system ba
kup. The properties 
anbe shared enabling 
ollaboration. These are issues that have been outside thes
ope of the 
urrent NEXUS resear
h prototype implementation. However, thiselegant way of utilizing information attributes for a

ess 
ontrol and ba
kup ispossible to add to an implementation of the NEXUS system as well. Also shar-ing of NEXUS information repository and views are 
onsidered obvious pathsfor future work on the approa
h and prototype.Similar to NEXUS the Pla
eless ar
hite
ture supports several existing storageinfrastru
tures, and therefore enables the system to 
olle
t do
uments from mul-tiple do
ument repositories, su
h as, �le systems, IMAP, HTTP, and databases.The systems also share similarities to the underlying model, however the infor-mation entities in Pla
eless Do
uments are do
uments, that is, text do
uments,spreadsheets, e-mail messages, et 
etera. This leads to the same major di�eren
eas dis
ussed in the Lifestreams approa
h. That is, the Pla
eless user interfa
emainly supports the management of do
uments in general from multiple repos-itories. A

essing, viewing and editing do
uments are done through di�erentinterfa
es having di�erent modes (similar to the 
ompartmentalized desktop ap-proa
h). Thus the most important di�eren
e between NEXUS and Pla
elessDo
uments is in the 
on
ept of uni�ed intera
tion. Pla
eless Do
uments alsoaim to unify the intera
tion with multiple repositories of do
uments. However,Pla
eless Do
uments uni�es the pro
ess of organizing, grouping, managing, 
on-trolling, and retrieving do
uments [DEL+00℄, but does not aim address unifyingthe pro
ess of information entry and editing. As mentioned above NEXUS aimsto unify the intera
tion in the system further. That is, data entry and editingof the various information types is also uni�ed, in that it is part of the model onwhi
h intera
tion is based. Additionally as 
ommands apply to all informationentities based on asso
iated attributes.The Pla
eless user interfa
e 
ombines the attribute-oriented approa
h with aspatial layout of information. The user interfa
e presents groups of informationentities visualized on a desktop-like surfa
e of information. Thus it supports alsoa spatial way of organizing and retrieving information. Additionally it has aninteresting feature { in
lusion and ex
lusion lists. These lists enable the user toexpli
itly in
lude entities in or ex
lude entities from a de�ned 
olle
tion of infor-
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it in
lusion and ex
lusion of elements beyond the
riteria that de�nes the 
olle
tion (view). This approa
h introdu
es two in
on-sistent ways of de�ning the 
ontent of 
olle
tions. The may be problemati
 froma usability point of view. Experiments would be needed to get an understand-ing of how users would understand and apply su
h in
lusion and ex
lusion lists.It is possible that it may be diÆ
ult for the users to understand 
on
eptually,as the 
riteria for the 
ontent in 
olle
tions 
ould be un
lear. That is, there isa sele
tion 
riterion, and then individual information entities are in
luded andex
luded from the 
olle
tion. It 
ould potentially be a sour
e of 
onfusion tothe user that an information entity satis�es the sele
tion 
riteria, but is still notin
luded in the 
olle
tion, be
ause the entity is also a member of an ex
lusionlist. Su
h experiments have not been 
arried out in the Pla
eless Do
umentsproje
t. NEXUS does not introdu
e su
h in
lusion and ex
lusion lists, but it ispossible to implement within the attribute-oriented framework.10.4 Lotus AgendaLotus Agenda [KKB+90℄ is a system spe
i�
ally aimed at supporting personalinformation management by means of an underlying attribute-oriented storageme
hanism. Although Agenda is a text-based system only it shares some 
on-
eptual similarities with the NEXUS approa
h. It is also based on a simplemodel with a few basi
 
omponents: Items, 
ategories, and views that are usedin the management and use of personal information. Categories (attributes)are slightly less 
exible in Agenda, as they have a predetermined hierar
hi
alstru
ture. This is not a restri
tion in NEXUS, where attributes may or may notbelong in an organization. However, the semanti
 analysis of information itemsavailable in Agenda is unique in that it automati
ally 
ategorizes free-formed in-formation entries, su
h as "Call Mi
hael on Friday about the NEXUS proje
t".Su
h an entity is automati
ally stored under multiple 
ategories, su
h as phone
alls, Mi
hael, Friday, and NEXUS."All personal information is integrated in the Agenda system. Similar toNEXUS views in Agenda may be di�erent and in a sense represent a mode.However, the same 
ommands apply to all items, independently of the attributesasso
iated or the 
hosen view. As su
h like NEXUS Agenda does not have dif-
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tion in the same way as desktop systems and systemsmentioned above. Also Agenda to some extent integrate the information man-agement and data entry. Views of information entities also enable data entrysimilar to the way in whi
h it is done in NEXUS. Compared to Agenda, NEXUSalso has a uni�ed way of making 
ommands available in the system, as des
ribedin the previous se
tions. Like NEXUS, the Agenda system is also a system im-plemented from s
rat
h with its own user interfa
e fa
ilitating both managementand use of information. However, as it is a system from the late 1980's it obvi-ously does not support multimedia 
ontent and does not have the same level ofintegration to other systems, as the other approa
hes dis
ussed here.Agenda is also similar to NEXUS in that information entities do not have aspe
i�
 type. For instan
e an entity 
an be a both a note, and an appointmentand a 
onta
t, whereas in the approa
h mentioned above that is not the 
ase.In those systems the user has to de
ide in advan
e whi
h type of information isentered into the system. NEXUS and Agenda also support free-formed informa-tion and for the information entities and information stru
tures to evolve overtime.10.5 SummaryIn this Chapter four di�erent attribute-oriented approa
hes have been brie
ydis
ussed and 
ontrasted against the NEXUS approa
h. The four approa
hesin
luded are 
onsidered the ones that are 
losest related to the NEXUS approa
h.The approa
hes are 
ommon in their use of an underlying data model, whi
hallows for an attribute-oriented way of storing information. Although there aresome minor di�eren
es at the data level they are not 
ru
ial for the support ofpersonal information management. The main point is that the attribute-orientedapproa
h leads to a more 
exible way of supporting information management.Thus avoiding problems in existing systems, su
h as hierar
hi
al storage andexpli
it naming of information entities.The di�eren
es in the approa
hes are mainly found in the underlying un-derstanding and assumptions about personal information management. Someproje
ts mainly address the issues and problems of hierar
hi
al storage of in-



238 CHAPTER 10. RELATED WORKUni�ed information Non-uni�ed informationorganization/management organization/managementand intera
tion (generi
) and intera
tion (spe
i�
)Generi
task-support NEXUS(modeless) AgendaHaysta
kSpe
i�
 Lifestreamstask-support Pla
eless do
uments(modes)Table 10.1: Comparison of di�erent approa
hes to personal information manage-ment in terms of information organization/management and intera
tion (dataentry and manipulation) and generi
 vs. spe
i�
 task supportformation. The dis
ussions of personal information management issues is thisproje
t have indi
ated a very 
omplex area that involves a number of di�erentissues and a
tivities. Thus 
reating systems that provide support of personalinformation management demands 
onsiderable resour
es.Personal information management is a 
omplex area. A 
onsequen
e of fo-
using on hierar
hi
al information stru
tures as the main problem in personalinformation management has been that some proje
ts have fo
used on repla
-ing this information organization prin
iple by something else. The Lifestreamsapproa
h repla
es the hierar
hi
al organization by temporal-based organizationto mention an example. There is no doubt that appli
ations of temporal orga-nized information exist and is useful for personal information management too.However, based on initial studies of personal information management it 
an beargued that the approa
h does not address and support the entire set of issuesfound in personal information management.As pointed out in this proje
t studies of personal information managementhave shown that di�erent levels of information stru
ture is relevant for di�erentpurposes and situations of use. Some level of hierar
hi
al information organiza-



10.5. SUMMARY 239L H P A NOrganization prin
ipleTemporal x x x xSpatial { x {Attribute x x x x xInformationMultiple view of same data x x x x xInformation do not have expli
it type x xUni�ed interfa
eInformation management x x x x xIntera
tion data entry/manipulation x xTable 10.2: Comparison of key elements of �ve di�erent approa
hes to personalinformation managementL=Lifestreams, H=Haysta
k, P=Pla
eless do
., A=Agenda, and N=NEXUS(x) indi
ates that the approa
h has the element, ({) indi
ates partly, andblank indi
ates that the element is not part of the approa
htion is useful in spe
i�
 situations for personal information management also. Forinstan
e it may be used for ar
hived information 
hara
terized by longer-termstorage and retrieval typi
ally based on some logi
al approa
h to the informa-tion organization. Thus, repla
ing this prin
iple does not appear as an optimalsolution for the support of personal information management. In the NEXUSapproa
h the underlying model allows multiple ways of organizing information,with di�erent levels of formality.Finally, the approa
hes dis
ussed in this 
hapter are di�erent when it 
omesto the intera
tion level. Most proje
ts have fo
used on the information man-agement problems, and less attention has been given to the data entry and useof the information being organized. As mentioned above often there is a 
learseparation between the navigation and organization of information on the oneside and data entry and use on the other. Su
h approa
hes often involve di�er-



240 CHAPTER 10. RELATED WORKent types of information leading to di�erent modes of intera
tion in the systemsimilar to the 
ompartmentalized desktop approa
h.The NEXUS approa
h does not have a separation between information man-agement and data entry as su
h in the prototype user interfa
e. Organizing andmanipulating information in the NEXUS approa
h is essentially the same. Thatis, managing, viewing, manipulating, and using information is done through thesame uni�ed user interfa
e. This enables the user to keep the fo
us on theinformation (
ontent) rather than the organization of the information as su
h.The way in whi
h 
ommands are made available in the NEXUS approa
his di�erent to the approa
hes dis
ussed in this 
hapter. The 
ommands aremodeless as they may apply to any information entity and available attributes inthe system independently of the views in whi
h they are present. Traditionally
ommands in other systems only apply in the 
ontext of a view of parti
ularinformation types or a spe
i�
 part of the system.The di�eren
es between the approa
hes dis
ussed in this 
hapter are summa-rized in Table 10.1 and 10.2. It distinguishes between uni�ed organization andnon-uni�ed information organization and intera
tion (data entry and manipu-lation). Also it distinguishes between generi
 vs. task-spe
i�
 support, that is,modeless vs. mode-oriented approa
hes. Ea
h of the di�erent approa
hes hasbeen mapped into this �gure to indi
ate the fo
us of the approa
hes.



Chapter 11Con
lusionsA survey of prior studies of personal information management has been pre-sented and initial attempts have been made to generalize some 
ommon �ndingsreported from multiple studies of management of di�erent types of personal in-formation, su
h as, email use, do
ument management, bookmark management,et 
etera. Moreover an overview of di�erent approa
hes to support personalinformation management in intera
tive systems has been dis
ussed. This haspointed out problems in 
urrent approa
hes on di�erent levels. These have beendis
ussed from di�erent perspe
tives, in
luding 
ognitive perspe
tive in termsof the role of memory in personal information management [Lan88℄. This haslead to an identi�
ation of aspe
ts that are relevant to 
onsider in the designof personal information management systems in order to take into a

ount theissues identi�ed.Common user interfa
e problems in 
urrent personal information manage-ment systems have been dis
ussed from a personal information managementperspe
tive. These issues have relevan
e for the 
onstru
tion of intera
tive sys-tems aiming to support personal information management. A simple attribute-oriented model has been developed aimed at supporting issues in personal infor-mation management. Based on the attribute-oriented model a resear
h prototypehad been developed. It also provides a uni�ed interfa
e to personal informationmanagement. This means that the approa
h does not have a separation of in-formation management and data entry. Additionally that 
ommands in the241
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h apply at the information levels rather than the view level, meaningthat 
ommands are modeless and apply to any information entity in the entiresystem.Semi-stru
tured interviews were 
arried out in order to get qualitative insightsand an understanding of 
urrent personal information management pra
ti
es andhabits. Additionally to identify issues in 
urrent personal information manage-ment systems. The semi-stru
tured interviews have generally 
on�rmed �ndingsfrom prior resear
h of personal information management. As these studies weremainly 
arried out de
ades ago this study provides indi
ations that even presenttools do not provide improved support of the pro
esses involved in personalinformation management. The experiments suggest that it is still the same fun-damental problems of personal information management that humans are fa
ing.Additionally a pilot usability experiment involving the resear
h prototype hasbeen 
arried out. The pilot usability experiment indi
ated that subje
ts were
apable of understanding the 
on
eptual system and use the approa
h imple-mented in the prototype. They were 
apable of understanding the 
on
ept, themodel, and the parts of the model (entities, attributes, views, and a
tions). Thusthe experiment provided some initial indi
ations of the potential of attribute-oriented models for the support of personal information management. Moreoverthe experiment provides initial indi
ations that the approa
h provides supportfor di�erent levels of stru
ture and di�erent levels of intera
tion with informa-tion.Also resear
h of personal information management has been dis
ussed. Thetopi
 has not re
eived a lot of attention and previous work has fo
used on spe
i�
information management and use. Methods for evaluating of tools needs tobe established in order to 
ompare di�erent approa
hes. Some suggestions forrequirements for further resear
h of the topi
 have been dis
ussedThe 
on
lusion is that the studies provide some initial indi
ations of thepotential of attribute-oriented approa
h as the basis for system aiming to supportand fa
ilitated the pro
ess involved in personal information management. Thereare some initial indi
ations that it may support di�erent levels of informationstru
ture as well as information stru
tures evolving over time. However, it isin
on
lusive whether reminding is better supported by this approa
h 
omparedto existing approa
hes.



11.1. CONTRIBUTIONS 243Further resear
h of personal information management and approa
hes fa
ili-tating and supporting personal information management is needed. This in
ludesfurther resear
h of the impli
ations of attribute-oriented approa
h on personalinformation management presented here. Further resear
h is also needed in or-der to develop an understanding of user preferen
es for generi
 vs. task-orientedsystems for the support of personal information management. Additionally re-sear
h is needed to understand the impli
ations in terms of 
omplexity of theadditional 
exibility provided in this approa
h.11.1 ContributionsThe 
ontributions of this thesis are 
onsidered to in
lude:� An attribute-oriented model on whi
h personal information managementsystems may be built, enabling uni�ed a

ess and intera
tion with infor-mation in the system� A resear
h prototype implementation that serves as a proof-of-
on
ept ofthe model for personal information management and a test bed for furtherexperiments� Experiment involving semi-stru
tured interviews of subje
ts in order to getan understanding of present pra
ti
es and problems in personal informationmanagement� Pilot usability experiment with the resear
h prototype implementationevaluating the approa
h in terms of providing support of personal infor-mation management� A survey of prior personal information management studies and an iden-ti�
ation and 
lari�
ation of the issues involved in personal informationmanagement� A 
omparative analysis of di�erent approa
hes to the support of personalinformation management (in intera
tive systems)



244 CHAPTER 11. CONCLUSIONS� A set of dire
tions for further resear
h in the area of personal informationmanagement� Identi�
ation of issues in personal information management that may in-form designers of issues to 
onsider in the design of su
h systemThe proje
t shares a set of similarities with four previous approa
hes topersonal information management, Lifestreams [FFG96b℄, Haysta
k [AKA99℄,Pla
eless do
uments [DEL+00℄, and Lotus Agenda [KKB+90℄. Although thereare similarities, there are also important di�eren
es that are also 
onsidered 
on-tributions of this proje
t. The key elements of the NEXUS approa
h in
ludes:� Integration of storage, management, retrieval, data entry and manipula-tion, in a uni�ed user interfa
e in the system. This means there is noseparation as su
h between the navigation and organization of informationon the one side and data entry and use on the other. This avoids di�er-ent modes of intera
tion and the user may keep the primary fo
us of theinformation (
ontent) rather than the organization of the information.� Commands (fun
tionality) is made available in a modeless way, as theyapply to any information entity in the entire system independently of theviews and 
ontext in whi
h they are present. Traditionally 
ommands inother systems only apply in the 
ontext of a parti
ular part of the userinterfa
e or to parti
ular information types.� Provides generi
 support to personal information management in terms ofthe two above mentioned key elements, whereas other systems typi
allyprovide a 
ompartmentalized task-spe
i�
 support. The generi
 approa
henables linking and aggregating of information having di�erent types inmore 
exible ways than traditional hierar
hi
al-based approa
hes.� Supports multimedia information (
ompared to Agenda, whereas Lifestre-ams and Pla
eless Do
uments also support a variety of information types).� Provides an open ar
hite
ture that enable mapping of existing informationtypes into the prototype implementation allowing further development andexperiments to be 
arried out.



11.2. FUTURE WORK 24511.2 Future WorkFuture work 
an be divided into four areas summarized below:� Further resear
h problems{ Clari�
ation of preferen
es for generi
 systems like NEXUS versustask-spe
i�
 appli
ations, as in the traditional desktop environmentsand personal information management software{ Additional resear
h in order to understand the impli
ations of addi-tional 
exibility in terms of 
omplexity in this approa
h.{ Exploring the approa
h in a 
ollaborative setting. For instan
e enablesharing of subsets of the personal information entities and study theimpli
ations of applying the model for information sharing and 
oop-erative work, that is, applying the model beyond personal informationmanagement. This also implies a set of se
urity issues.{ This 
ould also lead to possible appli
ations of the model outside thedomain of personal information management.� Further experiments{ Further quantitative and qualitative experiments of the approa
h,spe
i�
ally to measure the 
apabilities of the system in terms of sup-porting personal information in longer terms (reminding and longer-term storage). Potentially 
arried out in a more realisti
 setting.{ S
alability experiments, that is, in
lude tests with di�erent and largerquantities of information to get an understanding of the s
alability ofthe approa
h (and possibly other approa
hes to personal informationmanagement).{ Experiments with the model as basis for implementing personal in-formation management support on di�erent types of information ap-plian
es with di�erent input and output 
apabilities { applying theapproa
h in mobile systems.



246 CHAPTER 11. CONCLUSIONS{ Comparative studies of di�erent approa
hes to personal informationmanagement in order to obtain an understanding of whi
h aspe
ts ofthe di�erent systems provide support for parti
ular aspe
ts of personalinformation management and whi
h aspe
ts have less support.� Model and prototype{ Resear
h prototype implementation improvements and optimizations.{ Further re�nements of the 
on
epts, model, intera
tion te
hniques,and user interfa
e improvements.{ Continue the work on the model to further understand the impli
a-tions for personal information management.� Te
hni
al issues{ Semanti
 analysis of information entities and data entry for automati
generation and asso
iation of attributes (metadata).{ Formats for di�erent user interfa
es for di�erent types of (mobile)information applian
es.{ A

ess to and integration of information in (possibly distributed)repository from multiple pla
es, in
luding distributed 
omputing andnetwork problems.{ Repository s
alability and indexing issues.{ Repository sharing and se
urity issues.Additionally there are some interesting issues and questions where this proje
thas not been able to provide a 
lari�
ation.The approa
h to personal information management support is based on asimple generi
 model and the user interfa
e built on top also provides uni�edintera
tion. This 
an be 
hara
terized as a generi
 approa
h to personal infor-mation management. An interesting question is whether su
h a generi
 approa
hleads to less or added 
omplexity in a system for the support of personal infor-mation management. In the dis
ussion of the experimental results it was arguedthat simpli
ity is provided through a limited and manageable set of 
ommands



11.2. FUTURE WORK 247and limited system elements that needs to be learned in order to use the system.These 
ore fa
ilities apply a
ross the entire system, and the user should be ableto reuse and apply the fa
ilities in di�erent situations and for the support ofdi�erent a
tivities.However, on the other hand the approa
h may be per
eived as 
omplex, asusers would have to �gure out how to a

omplish spe
i�
 tasks using the generi
tools and fa
ilities provided in the system. This may not be obvious how these
ore building blo
ks of the system 
ould be used in 
ombination in order toprovide the support needed for an a
tual task at hand. Nevertheless, providinga set of templates, default views, and 
ommands 
ould possibly improve thissituation and guide the user to possible usage of the system in order to supportspe
i�
 work tasks.Another issue is the s
alability of the model and approa
h with in
reasingnumbers of information entities and fun
tionality in the system. In the ex-periments 
arried out in this proje
t this was not an issue that was dire
tlyaddressed. The resear
h prototype held approximately 500 information entitiesin the repository when the simple pilot experiments were 
arried out. For thesimple laboratory experiment it was simply assumed that this 
ould be a realisti
quantity of personal information in su
h a system. However, the semi-stru
turedexperiments indi
ated that some subje
ts kept quantities of information ordersof magnitudes higher.The underlying me
hanism for information management and use is the attri-bute-oriented way of storing information and the 
ommand s
heme for applyingfun
tionality to information entities in the system. It is not 
lear how thesefa
ilities s
ale with in
reasing numbers of information entities in the system,and in
reasing 
ommands being made available in the system. Experimentsare needed in order to get and understanding of the impli
ations for storageand retrieval and generally information management pra
ti
es when using theapproa
h at di�erent s
ales. Similar experiments 
ould be interesting to 
arryout using the other approa
hes to personal information management enabling
omparative studies to be 
arried out.
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Appendix AGuide for Semi-stru
turedInterviewsAs the experiment was 
arried out as semi-stru
tured interviews the questionsbelow where only used as a simple guide providing 
ues for the interviewer. Thusthe interview was not ne
essarily 
arried out in that order and the questionswere not expli
itly asked if 
overed otherwise during the interview. The aim wasopen-ended questions to get the subje
ts to tell as mu
h as possible about theirinformation management pra
ti
es and habits.Test subje
t: #Give me a tour of your oÆ
e? Whi
h information do you use on a daily basis?For what purposes is the information kept?How and where do you put your information? And why?What are the methods used? And why?Whi
h tools are used to organize the information?Appointments and to-do itemsHow do you remember appointments? Written down? Is a 
alendar used?Do you use lists of things to do? Does it serve the purpose?Keep notes (e.g. Post-It notes) as reminders?261



262 APPENDIX A. GUIDE FOR SEMI-STRUCTURED INTERVIEWSDo you sometimes forget appointments or things that you need to do?E-mailHow do you organize your e-mails?Whi
h mail program do you use?How many e-mail is in your 
urrent inbox? How many 
ategories?How often do you use emails that has been ar
hived?BookmarksHow do you organize your bookmarks?Whi
h browser used?How many bookmarks are kept?How many 
ategories?How often are these bookmarks used?General questionsDoes it o

ur that you 
annot �nd the information that you are looking for?What is the reason(s) if you 
annot �nd information?What are the problems involved in organizing your information?Are there any problems in the way you organize your information (keeping,�nding)?Have you 
onsidered di�erent approa
hes to organizing your information?Using di�erent tools?Information environment observedMessy/neat?Piles?Tools used:PC:PDA:Mobile phone:



263Other:Notebook:Diary:Calendar:Other:Paper ar
hive:Bla
k/whiteboard:Shelves:Other:EvaluationHow stru
tured would you 
hara
terize your approa
h to organizing yourpersonal information (s
ale 1-5, 1 = very good, 2 = good, 3 = neutral, 4 = poor,5 = very poor).





Appendix BIntrodu
tion to Pilot UsabilityExperimentThis is the short introdu
tion to the pilot usability experiment provided to testsubje
ts at the beginning of the experiment. Subje
ts were able to ask questionsduring and after the introdu
tion.Introdu
tionWe are experimenting with new tools and ways in whi
h to organize ele
-troni
 information, su
h as, e-mail, bookmarks, musi
, 
alendar appointments,et 
etera. That is, primarily ele
troni
 information that is kept in a ma
hine,su
h as, a 
omputer, a handheld devi
e, mobile phone, et 
etera.A simple resear
h prototype has been developed and it is used for simpleexperiments. The system 
an be used to organize information in a di�erent waythat is typi
ally done in existing system. This provides new possibilities, andwe are trying to �nd out if this approa
h provides good support of the ways inwhi
h we organize information.If you feel un
omfortable pro
eeding with the experiment at any point duringthe session, you 
an just say so, and we will immediately stop the experiment.If you 
hose to do so the data 
olle
ted will be destroyed.
265



266APPENDIX B. INTRODUCTIONTO PILOTUSABILITY EXPERIMENTIntrodu
tion to the systemThis system { NEXUS { is a so-
alled personal information managementappli
ation. It enables you to keep and organize your personal information,su
h as, your addresses, your 
alendar appointment, your e-mails, bookmark towebpages, organizing and listening to your favorite musi
, et 
etera.The system is built on three 
on
epts:� Entities { your information, su
h as, appointments, 
onta
ts, e-mails, book-marks, et
.� View { di�erent 
olle
tions of your information entities� Attributes { information that 
an be atta
hed to entities and allows youto organize your information� A
tions { 
ommands that let you do di�erent things with your informationOn this system an experimental version of the NEXUS system is running,and what you see on the display is the main user interfa
e of the system.



Appendix CSimulated InformationManagement TasksIn order to perform experiments with the resear
h prototype and evaluate themodel for personal information management, the test subje
ts were asked toperform a set of simulated tasks. While performing the simulated tasks the testsubje
ts were "thinking aloud" and were also being observed. The simulatedtasks were 
hosen to mimi
 typi
al everyday information management tasks.As su
h the subje
ts should be familiar with these at the task level, and theexperiment is indi
ates how these work task are 
arried out using the resear
hprototype.The tasks are:1. Find and browse the view 
ontaining the email inbox2. Asso
iate the email that has subje
t "NEXUS status" to the "nexus"proje
t3. Create an email with subje
t "status" and re
ipient "Jakob Eg Larsen"4. Send the email you just 
reated, and then �nd the email you just sent inthe view 
ontaining emails "sent"5. Find and browse the view 
ontaining bookmarks267



268 APPENDIX C. SIMULATED INFORMATION MANAGEMENT TASKS6. Find and open the bookmark for the CTI homepage7. Find and browse the view 
ontaining musi
 tra
ks8. Start a musi
 tra
k of your own 
hoi
e. Then stop the playba
k of thetra
k again.



Appendix DDebrie�ng StatementWe are resear
hing systems that aim to provide better support of personal infor-mation management. This work is based on how people do personal informationmanagement in traditional oÆ
es and using 
omputer-based personal informa-tion management system. There are a number of problems in 
urrent systems,and our resear
h aim to address some of these issues. For instan
e many peoplehave trouble using the hierar
hy folder stru
tures present in 
urrent systems.One of the problems is that it is often hard to �gure out where to �le a 
ertaindo
ument. Whi
h folder should it go into { it 
ould perhaps �t in more thanone. That is also a problem when retrieving do
uments, as it 
an be hard toremember in whi
h folder the do
uments are lo
ated, or the �le name given a�le. Espe
ially if it has been a while sin
e the do
ument was used.The resear
h prototype that you have just used attempts to address some ofthese issues. It introdu
es di�erent me
hanisms for storing and retrieving infor-mation, whi
h you have just used in simple tasks in the experiment. For instan
einstead of having a number of di�erent appli
ations to handle the di�erent typesof information that you use in traditional systems, this system enables the userto handle di�erent types of information using the same system.Therefore the results 
an be used to give indi
ations if the approa
h is moresuitable than other approa
hes to personal information management. We areinterested in resear
hing if this general system built on four simple 
on
epts ismore user-friendly, easier to learn, easier to use, and more eÆ
ient than tradi-269



270 APPENDIX D. DEBRIEFING STATEMENTtional systems. As you may have noti
ed using e-mail, 
onta
ts, bookmarks andso on were handled in similar ways { using the four key 
on
epts { in the entiresystem. So in a sense, in this system, doing your e-mail is not di�erent fromhandling your 
onta
ts, your bookmarks, or any other personal information thatyou use.Do you have any further questions or 
omments about the resear
h or theresear
h prototype system that you have used?Do you have any 
on
erns regarding the use of the data that we have 
olle
tedduring this session?Thank you very mu
h for parti
ipating { it has been a great help for theresear
h.






