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Abstract. Current learning challengder competently employing information technology in the
working environment is ncdufficiently supported byraining courseduring the introduction phase
of new systems, improvedn-line help, andiser support by local or central consultants. Each of
these approachesas deficienciesand eventaken as an integratecbncept theyare insufficient
because they do not consider learning as a process.

With the system IEAR (Learners’ Living Repository), we propose solution to support users in
exploiting learningand consultation episodes ilater situationsiJserscanidentify portions of an
animated interactiosequence describing problems they encountered or solutions they found when
using thetool, comment othem, andstore them aepisodes. Usersan sendepisodeghat describe
guestions, problems with the tool, or breakdowns when usingdhas a request for off-lineelp to

a consultant. Episodedat describe learnedool knowledgecan bestored in a database called
“demotheque” forlater use Representative demasan be made available to a group of users in a
“purse for demos”.

This paper deals wittbday’s shortcomings déarning in the working environmerdjscusses the
state of theart in the literature, anéhtroduces our ideas of supporting tlearning on demand
process bycreating and using learnirgpisodesand exchanging them within group of domain

workers. Weare currentlydeveloping a conceptual framework fagAR; later on, we will evaluate a
prototype of [EAR in a realistic work setting.

1. THE PROBLEM AND THE AIM

In complex working environments, requiremefds and qualifications of working people
change and evolve. Learning became an integpaedoflife and an integrategart of work,

too. Learning happens planned and unplanned, controlled and uncontrolled, consciously and
unconsciously, single and collectively. Today’s workilifg and its widespread use of
technology requires more than ever to acquire permanently new domain and tool knowledge.

New approaches for supportitearning and qualificatioprocess are needed tocumvent
the difficult problems of obsescence (i.e.trying to predict vinat specific knowledge
someone Vi needs in the future) and coverage (ite/iing to teach peopleverythingthat
they may need to know in the future).



As the user’s task competencan dynamically beincreased by #exible work organisation

(such as jolrotation, job enrichmentgroup work)and tasksupport (such asformation
agencies, database access), the user’'s tool competence dyrmaracally beincreased by
systems suitabldor learning, explorationfacilities tolerant for correction, andgupport
environments reinforcing recapitulation and reuse of problems and solutions. We focus our
view on the latter: toincreasethe tool competence of the user by strengthenlgamning
process and the reuse of already acquired knowledge in further working situations.

Learning on demands a viablestrategy in a world where we canrlearn everything. It
evolves if a user is pursuing a goal $nlving a problem and some impasse develops or a
breakdown occursThis breakdownnot only induces auser's desire toget around the
problem(to gethis orherwork done) but itan also inducéhe need and the desire to access
and learn new knowledge. Learning on demsingiports situated and contextualisearning
because it is integrated imgork and it haghe advantage to provide nemformation that is
directly relevant to Wat the user is doing therebcreasinghe motivation folearning new
skills and information.

Three aspects of learning we want to focus on in our work:

* learning is ubiquitous, it has to kepported irevery working situationnot only in
particular learning phases or environments,

 learning is a combination of exploration and instruction: people learn by trying things
out and by asking other people for advice,

» learning is a iterative phenomenon, it evolse=p by stejusing early knowledge for
later understanding.

There are three approaches to tkarning challenge(a) training courses during the
introduction phase of new systems, (b) improved on-line helpcnuser support bipcal or
central consultants. Each of these approaches hasdei@s and evetaken as an integrated
concept they are insufficient because they do not consider learning as a process.

Training:

Learning effortscannot be restrained to particular periods orirenments of learning.
Learningcannot be acquiredompletely in advance, in school, training or by instruction.
Learning in advanceoes nottaking into account thdearning is an ongoingrocess in
human life.

On-line help:

Another answer to the required knowled@geguisition using information technology is to
provide improved on-line help, that tries take into account the curreptoblem and
intention of the useihis approach idimited by the capacity of intelligent help systems to
infer the user’'s needtfom his orher current interaction. It can at best be provided for
notorious problems action plans can be defined for by the system developer.

Consultants:
Local or central consultants are limited in their capacity, #reynotavailable at any time



and site for consultation and their consultation result indongsa volatiletrace in the
memory of the user.

We will discussthe solutions and deficiencies lefrning and problem solvingupport in the
following chapter.

2. STATE OF THE ART: SOLUTIONS AND DEFICIENCIES

Training and learning on the job. We assum¢he learningprocess abeingintegrated into
the taskaccomplishment [Dike 87,295f.; Paul95, 168]. Asubstantiapart oflearningdoes
not happen during th&aining but during task performance. Users explore flystem in use
and try functions for their goals. A “guided exploratidatility was proposed to suppdahts

kind of learning [Carroll87-88; Carroll90]. Guided exploration owes iterigins in the
concept of “discovery learning” out of the late ‘60s and early ‘70s [Williams 92, 41].

Not any breakdown or new situation creates the needaéguiring new knowledge, i.e. to
learn. Users in contrast davoid learning. As Carroll an®Rosson cite: “I want to do
somethingnot learn to do everything” [Carro87, 83];they resume: “adults resiskplicitly
addressing themselves to new learning” [CaBd|l 101]; sealso [Knowles 73; Kidd7]. In
particular if thecritical situation issupposed to occwonly once the user isot motivated to
learn a solution. It is sufficient if he or she is enabled to create the solution, for instance by the
help of step by step instructionst meant to induce a knowledge acquisition vifie user.
Williams and Farkas give aexamplewhere a user whdas exceptionally t@roduce a
footnoteinstead of known endnotes for a particular journéll mot accept thécompel... to
‘learn’ or ‘remember‘ the procedures that he or ekgicitly needs now iorder to create the
footnotes”[Williams 92, 44]. Qnly for recurrentproblems andasks new knowledgeilivbe
acquired.

Support from on-line help. When problems ariséhreakdowns occur osolutions are
unknown, addressing the tine-help is oftennsufficientfor the user. The support users get
from on-line help systems restricted to thenformation that experts haugought into the
system. Help fronthe system isrestricted toinformation aboutsystem functionality and to
well-known notoriousproblem situations [Fo®4, 186f.]. Weonly know oneexamplethat
provides growingsupportbased on questions of users and answers of consultanssver
Garden”, see [Ackerman 90]

On-line helpsupportshould be extendible tine user’'sndividual results of exploration based
learning and taco-operativeearning with consultants so as itdegrate thdearning results
into technicalsupportfacilities (individualised helgystem). Thisndividual help environment
can be perceived as a user own cregadling solution incontrast to the“guided
exploration”manuals ppposed by [Carrold0] that wascritiqued by[Williams 92, 49] for its
inefficiency and ineffectiveness and its authoritarian nature.

! “TeamlInfo” was developed assharedrepository for informal group-relevant information by [Berlin 93].

For producers of software a “Living design Memory” was proposed by [Terveen 93].



Consulting local or central experts.Thelearningprocessmay occurindividually where the
userhelps him- or herself bgxploration (trying thing®ut) but often the user asks foelp
consulting a competent colleague (“power-user”) in face-to-face interaction or consulting an
expert by telephone or remote diagnose.

Learning supported by computenelp and documentatiowithout social support is not
appreciated by many users. Users tend to prefer to “consulib¢heexpert’ or other users ...
to translate their intentions ingpecificquestions’{O’'Malley 86, 378f.; see also Brockmann
90 and Horton 90]This consultation includes@nstructive and co-operatigemmunication
between humns with complementary types of knowledge and expebtigdoeing familiar
with the sametasks and theame working environment, speakiting same jargon. Users are
sometimes specialists themselves “assigopets to master, another users armade aware
of when and whom to consult” [Carrdl, 85]. It is anllusion thatusers workalone with an
system. “End users makmoduse of other people itmeir social environments to help them
solve their computing problems and to compensate for gaps inaweirknowledge of
computers [Nardi 93, 104, 186]. Local experts can be enlarged by professionahvitbal
knowledge about theystem in usdut with less connection tthe usercommunity and the
task at hand. The latter are lesxessibldor and less accepted by the users [Bannon 86,
406].

Computer experts oskilled domainworkers cannot betrictly differentiated. Computer
experts dispose of profound knowledge alinfdrmation technologyut only a thinspread

of application or domain knowledg8killed domainworkers dispose of profound knowledge
about their technical domairbut only of limited knowledge of information technology.
Computer experts andomain experts (“users”) are no homogeneous entities. Users are
widely differentiated by novice aneixpert usersrThis distinction is insufficient iisupposing a
sudden leap from a novice to expert. Most usersilvbe positions in between as thégpve
knowledge and experience idiited area of an application and no anmly fewknowledge in

the others. There will be a procesdezirning differentireas of thapplication’s functionality,

in particular with occasional or “discretionary users” [Santhanam 93].

Communities of systemsers Wl emerge, irwhich individuals have differeriiackgrounds of
knowledge: substantial computer and substadtalain expertise distributed among different
members of the community. The competence of the user groggiherwith the competence
of professional systerexperts are théasisfor their constructive interaction iproblem
solving.

User support bypersonal interaction iimited by the capacity andavailability of human
experts. In particular in repeated situations ofgtime or a similaproblemthe consultation
of a humarexpert confronts with restrictions: the useashamed to asfor the same help
again and again anthe expertpulls a long faceover thesamesupportdemand. Personal
interaction is alsdimited by the access of the consultant to tngical action episode of the
user (theproblem orerror situation). Theerror occurredeforethe consultant appears. The
error or theproblem cannot adequately beconstructed by the user for tloeal expert and
additionally not adequately be described for remote diagnogegloratively acquired
knowledge and solutions developed in consulting laoglerts or professionalare not



reusable fothe learner to exploit the substaneben needed to solvesamilar problem. In
particular the way and the pitfalls of a solution are not available.

Empirical studies show that users have problems with consultants and conshhgats
problems with their clients [Brezizinski 87; Liechti 88; Monirfgg]. Consultants are
overloaded; their increasing numberoiger-compensated by a y@creasingthe number of

clients; members othe userservice units showimited availability; they are often not
interested in the needs of usetisey “forget” promises of problemsolving thatcan‘t be
executed immediatelyConsultants have to solen their eyes) trivial problems and are
thereforenot motivated. User support is ofterganised on sever#dvels [Brancheau 85]

where the communication requires an exchange of problem and solution representations where
verbal or written descriptions are expensive and misunderstandable.

3. OUR APPROACH: LEARNING AS AN ITERATIVE PROCESS REQUIRING
SUPPORT FOR THE RE-USE OF LEARNING RESULTS

Iterative Learning: The learning process is iterative oincremental mat means that the
learner proceeds inis or her competence by several trials of acquisition and application of
qualifications. The first trial to acquire knowledgay beexploratory, supported kgchnical

or humanconsultantserror pronewith indirect solutions, and with dead ends. The Btsp

of learning provideshe user withrudimentary knowledgebout errorsrisks, and solutions.
One experience isot sufficientfor full understanding and it iot robust tdorgetting. It has

to be reinforced and extended by re-useidentical or similarsituations. Learning is
knowledge-dependengkills learningcan be described as “consistingtbfee stages: often
calledthe cognitive, associative and autonomous stages. lootirgtive stage thendividual
learnsthe basics ofthe skill through instruction or observation. In the associative stage the
individual practices theskill until it becomes smooth and accurate. In the autonomous stage
theindividual is able tgoerform theskill essentiallywithout attention” [Santhana®3, 223].
Simonreports evidencéom learning experimentsonducted by [Waugle5] showingonly
limited retained items in a first learniisgep, butwith some residual retention tife remaining
items in later [Simon 92, 82].

Multimedia Demonstrations with Annotation Facilities: To exploit a former solution, a
film of the interaction steps are easier to grasp th&érmal description. A demonstration
supports theinderstanding in showintpe process of actions and thiects of actions, see
[Fox 94]. An interactionfiim is a first step but not always aufficient fundament for
duplicating a sequence bthe user. Reasons for a solution, warnings misleading
assumptions, hints to unexpected side effects etc. chalfifel to the user in understanding
the rational of a solution and in transferring the former solution to the current problem.

Annotationfacilities cansupport the usewith respect to these goals. Verlsalmments can
denominatethe generalconcept of a solution and caupportits transfer tosimilar tasks
[Alpert 95, 72].While thefile of the action sequence supports whatakedthe “procedural
knowledge” the annotation is support the'declarative knowledge” [Andersor6]. A film
cansupport the procedurhowledge typaisuallypossessed by casual or discretionary users
[Santhanan®3, 227]. Procedur&nowledge can hardly orot atall belearned by description



but best be acquired be observationewen best by practice, see [Brockm@0] cited in
[Rettig 91, 22]. An animted demonstration can’t replace experidmaeit canexploit afilm

of the user’'s own former practice supporthis or her recapitulation of solutions in later
situations. [Palmite®1] and [Palmitei91] showed that aniated demonstratiorere superior

for learningboth in speed and accuracy durtngining sessions diighly graphical systems.
Written instructions supported the deduction nefcessaryproceduresmuch better. The
transfer of knowledge in subsequent sessions was bettbe iwritten instructiongroup.
[Payne92] showedpositive effects of un-commented, silent video recordings as instructions
for a graphicsditor. The results can be interpreted atemand foharmonising of methods
and tools to present processes, concepts edfedts tothe user indifferent application
domains. What igoodfor directcopying ofprocedures in a graphisystem isnot good for

the in-depth understanding of concepts in a data-base. Combinations of methods are requested
that take into account the particuégplication domainthe interactiorstyle andthe concepts

to be conveyed.

4. OUR SOLUTION: “LEARNERS' LIVING REPOSITORY (L EAR)”

With LEAR, we introduce a conceptual framework that plapesial emphasis on integrating
working and learning and osupporting self-directed angroup learning. Prototypes of a
support environmentfor learning and consultation in angfter face-to-face or remote
interactions Wi be developed and evaluated in a realistark setting.The idea of EAR can
be described as follows:

Users canidentify pations of an animated interaction sequence describing problems they
encountered or solutions they found whesmgthe tool,comment on them, argtorethem

as episodes. Users can send episodes that describe questions, probleths vati, or
breakdowns when usirpe tool as a request foff-line help to aconsultant. Episodes that
describe learned tool knowledge candtered in a databasmlled “demothequefor later

use. Episodes that describe users’ personal experiences of solutions can aeaitedide to a
group of users.

The elements of the solution are described in more detail:

Recording interactions

The interactions of a user with tleystemare temporally recorded by an interaction
recorder. A temporal recording a&fay,the last 1000 interaction steps is an opportunity to
reconstruct thehistory to explore arerror or to demonstrate itis-a-vis aconsultant.
Errors can beinderstood andorrected by the user’s ovaapabilitiesmore @sily when he
or she knowghe process thded to itsoccurrence. Theommunication between a user
and a consultant in a problem situation can be facilitatethéyossibility to precisely
demonstrate the history of the situation.

The recording is application overlapping to ensure tiatuser gets a record aif actions
over a particular sequence no matter if and hoamy transitions between thender and
several applications are concerned.

To protect thehistory against external supervisitdme records of the interactidnstory
have to be stored under the exclusive control of the user.



Aim: The user can duplicate the history to reflect an interaction sequence (eegoan
situation) and can show the sequence to a consultant.

Defining relevant demos

Interaction episodes can lukefined in advance as a relevant sequence t&epé for
personal future demonstration. Alsgisting interactiomecords can be selected st by
the user as a relevant sequence andstbeed permanently in a “demotheque”. The
interaction recorder provides cutting and péstilities for a permanent copy (!) of
temporal records tenablethe user tduild an individualsupport repositoryith solutions
he or she has successfullged. The resulting “demotheque”gsotectedagainst external
supervision.

Aim: The user can select a relevant episode and keep it for similar future situations.

Annotating demos:

Permanent copies of interaction records raembers ofthe demotheque can be
accompanied be voice, textual, graphical, and deictical annotations to cotharatibnal

and follow up, alternatives anditfalls of solutions or to focus the attention of the
recipient. The exploring or consulted user the consultant can comment the demo
episode. The annotation can be performed duringléhening or consultation phase
(thinking aloud) or in a subsequent editing phase.

Aim: The user can give interpretations and warningswieat he or she has done
accompanied by the animated demonstration. Different modes of annotations should help
to avoid information overload of a single sense organ.

Retrieving demos:

The demotheque is dynamic epository of personal demonstrations. The demonstrations
support therecapitulation of episodes to recall a solution. This recaluigposed to
stabilise the “cognitive” stage of skill learning and precedes théassociative” and
“autonomous” stage. To organise the demotheque afiabtthe relevanttem in a critical
situation different kinds of presentations should be possible. The usgiveaan episode a
name when including it intthe demotheque. Theame can be combined witeywords to
characterise several aspectssgnonyms ofthe demonstrated concept or solution. The
retrieval can further bsupported byresenting the demos according to the crealite,

the respective application(s), function(s), or object(s)/document(s).

Aim: The user can select different kinds of accesses to retrieve the relevant episode from
the demotheque.

Selecting Views:

The demonstrations can be used as an anndiiateaf interaction sequences. The mode is
appropriate tagive the user a conceptual understanding of the solution to be presented.
Thefilm can interactively be controlled emablethe user to stop, repeand continued on
demand. This presentatiorilivibe selected during thee-learning phase. The presentation
hasthe same form and size dle original sequences so thtite learner canfollow the
interaction and read input andtput produceariginally bythe user and thgystemFilms
and annotations areolatile media. A representation is necessargupport thetransfer
from re-capitalising to re-performingtask completion. The demonstratioil iherefore
be selectable in a presentation mode witleeeaction input of the user displayed in a
separate window. Character strings, selenteduoptions, parameter values, moutieks



etc. aredisplayed tosupport the user in the transfenase of the demo. Based on the
annotated film a re-cognition can have been induced with the user but to exsmfgex

task are-call of details otthe original interaction sequence is necessary. Re-call can be
supported, i.e. itan be replaced by re-cognition,displaying awindow with theoriginal

user inputs. Relevamiarts of thes@puts should be transferable to the new situation more
or less by copy, paste and modify functions.

Aim: The user can select different kindsvaws toexploit a relevant episode from the
demotheque for supporting the re-learning of a solution and for supporting the transfer of
the solution to the current task.

Exchanging questions and answers:

Users askindor help can electronically sendfiasm about an error oproblem sequences

with comments and questions tdoaally andtimely apart consultant. The consultant can
diagnose the usertxror orproblem and answdrs orher question by sendirthe user a

film with a commented solution.

Aim: A remote consultation can be supported to enable the user and the consultant to
exchange questions and answers independent of their time and space constraints.

Exchanging solutions:

The resultingfacilities of distributed information repositoriesalled demotheque are
primarily acontainer forexamples and solutiorisr problemsindividualsdiscoveredvhen
dealing with problems relevant to theiask at hand. Representativeems of the
demotheque for a group of users with similar or complemetdaakg can be collected in a
Bulletin Board System (BBS) called “purse for demos” for computer-mediated
communication betweemembers ofthe community for exchanging knowledge and
experiences. Thandividual user can transfer copies of the own demotheque to the purse
for demos if theitems are supposed to beelpful for colleagueslindividual users can
consult the purse of demos insteadcohsulting a generic on-line help or a human
consultant if a human consultant is too expensive or unavailable.

Aim: The users of a co-operativeork environment can exchange task and tool
competence by providing and requesting error and problem solutions tyfpicahe
workspace.

\
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Private Public

Figure 1: Transfer of a Film from the User’s Personal Demotheque to a Public PU®0s



The supportfacilities can be provided fodifferent interaction types betweenuser and a
consultant. The user cga) explore problems and solutions bis or her own (nosocial
interaction at all)the user can (b) considbomebody face-to-faqgypically apower-user or a
member ofthe decentralisetbcal supportunit) or the user cafct) consultsomebody remote
(typically a specialist ofthe central usersupport unit). The consultatiosan happen
synchronous and asynchronous. Toleowing figure shows thedifferent (inter-)action types
with the supportingllustration facilitiesfor an error, problem access fratine user for a
consultant and a solution from a consultant for the user.

User-consultant

(nteraction
Time
of interaction user alone face-to-face remote
(explorative) learning consultation with one|  consultation with
with a film about the screen shared screen abou
past (errors or about the presence the presence
problems) and and
synchronous|  and for the future | films about the past| films about the past
(solutions) (errors or problems)| (errors or problems)
and for the future and for the future
(solutions) (solutions)

consultation with the
user’s
films about the past
and presence (errors pr
asynchronous — — problems) and the
consultant’s film for
the future (solutions)

Figure 2: Kinds of (inter)action for different time and site conditions

The proposedtechnical support for exploiting learning and consultation results is to
strengthen the users and the consultants of Information Centres. Ushedpctiiemselves in
re-consulting solutions they found on the&wn or solutions thatthey received from
consultants in the pagtey get moreindependent from help by thindarties. Help-desk or
background supporhembersare supported in theommunication witlthe users byeceiving
authentic sequences of fauliiger actions and bsending demos of solutiorte user can
explore asintensivelyand often as he or she likes. Also downloa&edletin Boards and
Mailboxes of technology providers [Knolmay80, 157]can belocally combinedwith the
demotheques of users and the purse of demos of user groups. Local caplesdoflised
bulletin boards Wi more probably beaccepted than generic external ones. $hpport
personnel is relieved okpeated requests because users can consult the own demotheque or
the local purse of demos instead of re-addressing human consultants.

User supportnits tend to develop decentralisgductures in their maturgtate[Moning 93,
535]. Demotheques and purses of demoslasadly availableuserinformation repository can



amplify this development. They also supplemém¢ dominance of phone-based hot-line
services found by [Monin@®@3, 536]. Demothequeand purses of demos can reduce the
overload of central and local user support units only if they follostrunctureand content the
dynamics ofthe supportrequirements for user service uniése notonly faced with
guantitative capacity problemisut also with rapidly changing qualitativeiser derands
[Moning 93, 539]. Demothequeand purses of demos have to dtrictured andnaintained
carefully tonot misleadusers without of date information. For &cal expert itmight be a
consultation job tdook for theindividual demotheques of the users anchantenance job to
look for the demotheque of the user groNprdireports the role of &ardener” tosupport
users as a formal position with benefits far outweighing the costs [Nardi 93, 116].

5. PREVIOUS WORK

LEAR is the newest project in our ongoing research efforts to explore concepts and prototypes
for supportingdomainworkers in getting theijob done. In a former project we developed
prototypes of aystem to be adaptive or to be adaptabléheouser [Oppermann 9494b;
Thomas93]. Adaptive or adaptable interfaces can increhseisability of applications. What

we learned in designing and evaluating adaptable and adégaitvees of a user interface was

that users had to learnl@t about the rational, thieandling, andhe benefit of adaptable or
adaptive features. THearningprocess and the access to the results of adapta®no be
supported by théechnical system (in thatse by the adaptation component). The adaptation

of a system is @rocess rather than act and calls for opportunities of doing and undoing,
performing and reflecting adaptations both initiated by the user and initiated by the system.

Opportunities for reconsideration antbdification of action sequencease far more gesral
demands inthe learning and masteringrocess ofcomplex systems. Opportunities for
reconsideration and modification of action sequences in probleenrar situations beyond
theissue of adaptatioare theissue ofthe new project we are presentingthis paper: The
support forenhancingthe learning and consultatioprocess and its exploitation in later
situations.

6. FUTURE DIRECTIONS

Future workwith LEAR will go into two directions: (a) anempirical analysis otoday’s
shortcomings in real applications domains, and ftfi® development of a conceptual
framework for LEAR.

The empirical tests will be conducted based on a questionnaire for user-consultants working in
different domains, such as assurance companies, banks, and industrial companies. We ask
themhow consultation is donghen domairworkers ask for theihelp. Moreover, we would

like to study domainworkers at their workplacevhen dealing with theidaily computer

working environment.

The second direction is preparing a conceptual framework gmdtetype that vl be used
whenthe empiricaltests are conducted. The framewar&ludesthe integration of a gemnal
recordingfacility into a Macintosh or PC environment, able record users interactionith



applications. Someommercialsoftware productsvith recordingfacilities are available,both
for Macintosh and PCs, but théimctionality is beyond wat we think is needed and should
be made accessible. Our hope and expectation is that more complex refemilitiag will be
available in the nearest future.

But recording ionly the first step, other steps are tomment and edit on episodelgssify

them andstorethem in a demotheque and make them acces&blthe future asasy as
possible. This is a general problemhofv to store information, l@ting it, searching for it, or
finding it again. Inanother project, BSAR [Thomas 95], we ardealing withhow information
consumers can bsupported in theisearching forinformation process by software agents.
Theinsights we gain form thigroject aranvaluablefor thedesign of intelligent access to the
episodes in EAR, so that domain workers when being in trouble are “getting the right episode
at the right time”.
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