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Introduction

Developments in computer technology have changed the way we comtauinica
general and in science in particular. These developments ehabiectease in the
effectiveness and efficiency of the communication. The adtcatéase will depend
also on the fit between technology and people who are commugicati

Proliferation of the digital archives alone does not solve the gmolif seeming
abundance of scientific information. There are at least $soeis that contribute to
this. Firstly, more information resources require more attenohtime to find those
that are needed. Secondly, information or access to informatgructured based on
some rationale that does not necessarily fit the ragoofh scientist accessing the
information.

We are primarily interested in the design of interfaces faessing scientific
archives. To design the interfaces such as to improve igéaess and efficiency of
scientific communication, we consider scientific communicatio antext within
which the technology is applied.

Scientific Communication as Context of Use

The Driving Forces and Functions of Scientific Communication

Scientific communication is to serve the progress of reseand education. The
overall objective of scientific communication is growth of knowlediye general,
scientific communication takes place between researchiéus.researchers act as
authors and readers. Their objective is to exchange scienfificriation. Roosendaal
and Geurts (1997) point that. authors want to publisimore and have their product
widely available, while readers want to rebas, but want to be informed of all that
is relevant for their research "..Thus, the generic stakeholders of scientific
communication are authors and readers. They require availabilitgciehtific
information. The objective of the stakeholders is to generastigns and to provide
answers in order to apply them in their research. This sums fgurirmain driving
forces of the scientific communication: actors, content, aduiéisy and applicability.
The forces can be represented (Roosendaal and Geurts 1997) on a énskiaticl
diagram Figure 1.
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Figure 1 Forces of the scientific communication market

“Any scientific information and communication system will have tonbe i
equilibrium with at least these four forées
(Roosendaal & Geurts 2001, p. 412)

From the actors, primarily the readers are of interest toes@arch. However, simply
taking authors out of consideration would make our analysis incongetas
consider the plane with actors, applicability and content forces
Physical content by itself (without interpreter) has no intringjplicability.
Applicability of physical content may be considered only in retatwith actors.
Consequently, the applicability may vary depending on actors thbatact with
content. Two vectors (from the author to the applicability and fifeenreader to the
applicability) in Figure 2 depict, possibly, different applicapildaf the content if
authors and readers are considered separately in the analysssieotific
communication market.
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Further, we can simplify the diagram by assigning to contenapipécability that is

intended by the author (Figure 3). It is important to make #sgyament explicit. Not

always the applicability is fully expressed in a particulatite of content (like an

article), but it may also be expressed in relation with othetiesn In addition, there
may be some shared (by author and prospective reader) knowledgeathdiem
excluded (intentionally or unintentionally) from the content.



Content— Reader

Applicability

Figure3

The possible differences in applicability of content and applicaldlemanded by
reader have important consequences for communication. We avilider these
consequences in the chapter on high level model of communication

Functions of scientific communication fulfil the demands of thee®rdkoosendaal
and Geurts (1997) identify the main functions of scientific compatiun as:
registration, awareness, certification and archiving. THasetions constitute the
product market. The four functions can be characterised by sometiomara
characteristic issues, such as e.g.:

* Registration: (submission, speed, copy right, property rights

» Archiving: (archive, access library ...)

» Certification: (peer review, quality ...)

* Awareness: (disclosure, browsing / search capabilities ...)

(Roosendaal & Geurts 2001, p. 414)

Similarly to the forces, the functions of scientific commutiwacan be represented
on a two-dimensional diagram Figure 4. Ultimately and may beeicitly “... the
interests of the stakeholders ‘aexpressed in theawarenessof an article that is
archived, registered and certifie@Roosendaal & Geurts 2001, p.414). Functions can
be classified by their relation to the research and education prasesiternal or
external. Furthermore, there are author and reader functions.

Classification on external and internal functions refletis situation within the
scientific communication market at present and in generiad dlements of the
functions that are externalised may vary depending on a particulaguwation of

the scientific communication system. For example, a particdafiguration may
include librarians (or other intermediaries in information segldctivities), helping
the reader to find information. This is an example of exteingligart of the internal
reader functions. Similarly, functionality of the new technalabisystems for
scientific communication can include some of the elemeritgeral functions.

! It does not necessarily mean that all the stakkshslhave to recognise this. However, for scienist
readers it is direct and clear interest.



Registratio| Author

/ External \

Reader
Internal L

Certificatior Archiving

Habitable
Interfacesy

Author \ External
Awarene!
Reader Internal

Figure 4 Functions of scientific communication. Habitabléehfiaces are based on the archiving
function and aiming at implementing new elementthemawareness function.

The functions discussed above are strategic for scientifioneoncation. In the

development of Habitable Interfaces, we concentrate on ther feadéons archiving

and awareness. Currently, there are many different orgamsapiroviding digital

archives. Though many of these archives are connected to theetnfer the users
they remain separate resources. First attempts are beadg mo connect these
archives into systems that can be seen as distributed arcbigtsbuted archives
provide integrated (at the level of the user inquiry of theardhtaccess to digital
archives that may belong to different organisations, mag liifferent accessibility
and may physically be in remote locations. Major challengeactoeve such

integration are the organisation of the distributed archive tarmbmmunication with

personal archives of researchers. Figure 5 presents thigeass a “sluice” between
the author submitting to an archive and the reader desiring theersaga of the

archive’s content.
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Figure 5 Archiving function

Organising a distributed archive requires a design that woudev attsearchers to
communicate effectively and efficiently. Existing approachethéodesign of Web
resources may not fit the scale of the distributed archie®vBwe present several
considerations relevant for designing the distributed archives.



When it comes to collecting what one is looking for from Web resesuhmequestion
of deciding between different information retrieval approachedraslitionally
discussed (Roosendaal, Geurts & van der Vet 2001). Traditiomadydiscussion
deals with trade-offs between precision and recall. Fornnstamproving recall only
pays when the costs are lower than the costs likely to be iddoyrmissing relevant
documents. Dealing with the problem this way requires knowledgéneofcosts
involved: costs of indexing, of searching, of low precision,avf recall. Costs of
indexing and searching can usually be determined relatively €asys incurred by
missing documents seem to depend on a particular set of taskdich the
information retrieval system is used. These costs may beuttito determine before
tasks have been completed. After the set of tasks is ctatplee consequences and
costs of missing relevant documents can, possibly, be adsess

Full-text search methods allow indexing the corpus without involvimgamuexperts.
This decreases costs of indexing dramatically and maketektlsearch attractive for
some applications despite the necessary trade-off betweednigmeand recall. The
weakness of applying full-text search in scientific communicatmes not arise from
method itself, but from the fact that the proportion of text iergdic publications is
expected to decrease. Full-text search is unable to find egsiatigures, sounds or
videos. Current systems for searching non-textual materiaicnfui-text search.
There are two main approaches. One is based on finding non-textelanby its
textual description to which material is directly attachedother approach attempts
finding pictures or sounds based on similarity with a query pictueequrery sound.
To make use of such systems the user has to decideefioron which medium the
information is expressed. It is expected that modes of non-textuatatidn will be
rather divers. Therefore it is unlikely that the user knows ithiall or even most
cases.

Scientists may be interested in finding most or all relevanirdeats. Unfortunately,
there is no known, cheap technological solution. Employing metadadestyibe
content of Web resources in fact returns to the expensive pratticanual indexing
using predefined search terms. There has been work on automatipgottess, but
so far no working systems suitable for real-life employmene tmen demonstrated.
Another development in this direction is the design of structured itedens that are
more expressive than the customary flat terms.

Integrating retrieved information into work of a research group raquire “wiring
together” a set of distributed resources, both in-house and reffotework of
research group may consist, for example, of predicting the outcbameexperiment,
interpreting a new finding, or comparing own findings with findingsoréed by other
groups. Clearly, there will be different requirements towdrdth flexibility and
persistence of such configurations. Some configurations wak @xst for hours and
others will be needed during the lifetime of a scientifiojget that can be up to
several years. The obstacle currently in the way of routmefigurations is a
multiplicity of formats. As we noted above, there are mangmigations maintaining
digital archives, and their number grows by the day. These eejmms have
different internal standard formats of information. In a situnatvhen it is difficult to
predict what resources will be useful, keeping up-to-date with elsamyg all the
standards and data is a luxury accessible only for a few.idodivresearch groups
generally will want to leave maintenance of these resotocé® groups who created
them. The organisation of the distributed archive should better bd basfederating
existing resources rather than on integrating them into monadiysiems.



As the interests of the readers are primarily express#teiawareness function, the
most important change should be in the awareness function too. A ggiodchi
example is the Web. The powerful combination of search engindshypertext
technologies greatly improved the awareness about digital jsuanal libraries and
their content. The hypertexts endbte externalise parts of the internal element of
‘chaining’ different documents, while search engines attemptterralise extraction
(retrieval) of information.

The design of computer interface for the reader (Habitablefdotris part of
implementing new elements in the awareness function. Howéler awareness
function is unfeasible without the archiving function. Clearly, fias should fit with
the implementation of the archiving function.

We position Habitable Interfaces at the level of functioscientific communication
as directed towards awareness function. Habitable Interéaeeaimed at providing
scientists with access to digital archives in such a vgay dbring content of digital
archives directly to the ‘minds’ of scientists”. It is equathportant that Habitable
Interface should be easy for scientists to adapt to. If thetste of access to
information can be tailored for the internal reader’s strudim@e cognitive, but also
physical) then such an access becomes part of the readersness — a part of the
reader.

The awareness function is an internal reader function. &is isunay be difficult to
directly measure the quality of implementing the awarenasstibn. Therefore we
need criteria to judge about the readers’ awareness and thies& cshould be
measurable.

Trust in Scientific Communication

The process of scientific communication has characteristiceotif a temporary
system and a continuous process. Scientists searching for infammatiht well use
resources known to them (long-term system) as well as new safrggsrmation
(temporary system), for example, a new article in a prongedif a recent conference
that was referred to by a colleague.

The process requires a getting together of at least the foll@agitogs: an author, an
editor, reviewers, a publishing company, a library and finalders in research who
are members of scientific communities. Typically, a s@ekeeps on communicating
within several different configurations. Some of these argdeany and some are
long-term lines of communication.

Paper-based communications will increasingly béadsal by electronic communications
which will polarise the character of the processemsporary, on the one hand, and more
long-term systems, on the other hand. In an eleictrenvironment it is easy to surf from
one system to another in search for momentary etbsiformation, but, on the other
hand, creating, learning and integrating their rimfation into one’s own research may
require more effort. Electronic systems are notardifficult to create then paper based
archives, but amounts of information typically exigel within electronic systems are
much more voluminous then those of paper-basedrsgst

Contracts and control devices are hardly effective when dealthgatemporary co-
operation since there are little opportunities to effectuateptiance. In a temporary

2 Here we refer, also, to the technologies assatiai¢h hypertext. It is the software browser that
actually extracts a document based on some positieh as URL. Hypertext specifies the pointer in
such a way as to enable a software browser to gsdbe pointer and to extract the document that was
referred to by the author. This is in distinctiansomewhat arbitrary style of references in plaixtd
that, in many cases, only human reader can folloyea



system that heavily relies on the use of information and conuattion technology

there are hardly means to make a partner comply and tatetalen he fails to meet
his obligations. Also, contracts and control are hardly effectiithin scientific

communication systems that traditionally rely on trust. Electra@oimmunication

therefore strengthens the need to build trust for both long-term eangotary

configurations.

Trust is a necessary condition for scientific communication to pékee. There are
several perspectives from which trust in scientific comation can be considered.
The issue of trust is important as a means to reduce thglexaty of reasoning about
information. If the trustworthiness of information resourcewisclear then the reader
has to keep in mind several explicit assumptions about these aesodihis may
require a considerable effort. For example, if scientists dorusit a retrieval system
in retrieving all the relevant documents then making importansides (for example
about direction of further research) may be more difficult argbine cases scientists
may decide to do retrieval manually.

Also, externalizing elements of functions of scientific commuiooarequires that
there is some level of trust between parties involved. And otlagr around, the
experience from cooperation will influence trust in its turn. Tiansthis case is
understood as willingness to delegate part of ones work to qtey. This
willingness is based on some features of the other party and owmgitgde trust
(Mayer et. al 1995). Both authors and readers delegate exfienotibns (registration
and archiving). The level of trust of the scientists tow#ndscommunication system
will depend, among other parameters, on the importance of iautartactivity. For
example, for a brief preliminary investigation finding mosevahnt information in
shortest time is of great value. This refers to the preciidhe retrieval system. In
another study, scientists may be interested to find all known fmsit some
phenomenon. In the later case recall of the retrieval sysemmssto be more
prominent in decision to delegate.

Given the above, it is clear that the way how trust develagiters for effectiveness
and efficiency of scientific communication. Hummels and Roosér{daemmels &
Roosendaal 2001) proposed mapping between functions of scientific comnmmicat
and levels of trust (Figure 6). The mapping shows level oft trequired for
implementing the functions of scientific communication. The Ew#ltrust used in
this mapping are based on a framework proposed by Zucker (Zucker 188Bgr Z
distinguishes three types of trust. process-based trust, ilstélibased trust and
characteristic-based trust. Hummels and Roosendaal add a fqetbftyrust which
they call values-based trust. These four types of trust aredeoed in more detail in
the chapter on criteria for evaluation (below). The typesust can be classified by
the relation of membership between trustor and trustee. Thahether both are
members of the same community. Another classification isdbas the nature of the
relationship — either direct or indirect. These classificatiessm to be similar to
classification of the functions of scientific communication. hugls and Roosendaal
discuss these similarities in detail. Here we would fikestress that the mapping
points towards levels of trustquiredas a necessary condition by the communication
functions.
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The awareness function is a reader function. Externalisimgesles of the awareness
function requires values-based trust (Figure 6). The archiuvngtibn, on the other
hand, is external to the reader. Reader should have a choivhebimer to use a
particular archive or not. This choice, we assume, will dispend on the level of
trust of a reader towards a particular archive as anutistit The mapping in Figure
6 shows that the archiving function requires institutional-b&sestl

Analysing functions of scientific communication we positioned Hsdbét Interfaces
as part of the implementation of awareness function. Givemnmapping between the
functions of scientific communication and the levels of trugs ievident that the
design of a Habitable Interface should allow a values-baseddetrest. But, not all
archives are members of the reader's community. Therelftabitable Interfaces
should be transparent on the institution the data is supplied by.

But assessment of trust towards a communication line says nating a particular
component of this line unless an appropriate testing procedurksiscuso that only a
particular set of factors is varied while others are kepsémee. This requires finding
independent factors. In the case of Habitable Interfaces eleroénbhe awareness
function and ways to implement these elements are of prineeageen. Elements of
the awareness function which are likely to be externalised toebd identified and
ways to implement these elements should be proposed.



High Level Model of Communication: the Knowledge Gap

Defining Habitable Interfaces needs a model of interaction dertweader and
content. This model should take into account differences irappécability of the
content and the applicability the reader has in mind.

The Mismatch Between Data Models of the Reader and the Archive

Scientists are engaged in a knowledge discovery process. Knovideaigeumulated
by collecting information and data. Collecting data requiresodel that serves the
purpose of practical guidance. Knowledge discovery is a colleefiicet, and a
collective effort needs communication. In communicatiorgasshers have generally
different roles of authors and readers. Given the variety gfoges that knowledge
can be applied to, and the variety of the data modetsnixt to inevitable that there
IS a mismatch between the reader's and the author's data andded situation
worsens, when there are many readers and many authors whaoyiae tb
communicate on similar issues.

The archive can be perceived as an intermediary between awhdrseaders.
Building an archive requires yet another data model (Figur&h®.data models of
authors and archives are known and can be communicated.

______________________________________________________________
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Figure 7 Communication between archive and reader

But for readers the situation is different. Readers do not ndetww the archive data
model and they even may not want to know the archive data modetces not fit
their mental frame. As a consequence, there is a gap retmiest we call desire
(expressing what information the reader wants to know) on the am# And need
(referring to the information in the archive’s terms) loa other hand.

To fill the gap, an archive could convert data into a form reduby the readers.
Multiplicity and dynamics of the readers’ interests presenigteat a challenge for
designers of archives and in principle, even the best study ofeswgrnts would not
provide a uniform representation of the readers’ interests. dndeere is no average
reader and there are many different archives.

The Distinction Between Desires and Needs

To illustrate the distinction between desires and needs ttsminivaduced above let
us turn to the familiar and rather simple domain of vacatiodstvelling. Though
looking for information on travelling (like time tables) may bdfatent from



searching scientific archives, the complexities, which squdair research field might
present to a reader, could possibly obstruct our explanation.
Furthermore, the domain of travelling resembles a scieqtificain as there are many
agencies (including railroads and airlines) advertising theivices for travellers.
These agencies have different schemas of their serviceslso different, sometimes
overlapping areas of interest in travelling and vacations.€lles, especially those
looking for new (may be also non-existent) ways to travel and hadififigrent
situations at hand can be considered as researchers.
Clearly, the differences between travellers and sciensisbuld be stressed. Firstly,
criteria of a successful search for travellers and ssisntan be different. Secondly,
travellers do not integrate the results of their searah timir activity at the level
scientists usually do (although travellers may fill theieradps based on results of
their search). Thirdly, travellers may be less knowledgeabléhe domain of
travelling than scientists in their own field of research. #dwr there are many
services or intermediaries in travelling business fulfillthg gap between what the
user wants and what is proposed on the market. In science, lggs common.
Despite all the differences, for explaining the distinctietween desires and needs,
and only for this purpose, our simplification seems adequate.
Let us consider some fictitious travellers planning their vacafidrey have
planned to visit Italy, but are yet inconclusive on their returp. tA possibility
is to go through Germany travelling along the Rhine with short stops in a
number of cities. They decided to limit their travelling tiamal visit no more
than five cities possibly with over-night stops. The travelel go on vacation
by train, because of the special summer offer, but they haveenhdégided on
what transportation to use on the way back.

In the terms of our model, the brief description above outlines tk@edéor
information of the user, our travellers. Though for reasons afyclae described the
situation as the travellers see it, the way it can beesgpd in a dialog (with the
travelling agency, for example) might look like this:

- We would like to get some information to plan our vacation tour.

- So, where do you want to go?

- We would like to go from lItaly to Great Britain through Germany and we
would like to go along the Rhine. Something like the Grand Tour people used to
make in the old days.

- Ok. Would you like to consider a cruise on a ship?

- Aren’t there any other options like travelling by train?

From this example, we can see that users can easily deshabedesire for
information, i.e. “We need information to plan our tour from ... “.vBling agents
have to ask additional questions such as “Where would you like tbegaiuse they
do not know the specific situation of the customer, but travedigents do know that
they need to name a destination to plan the route. In additiontatredling agent
immediately suggests an option based on the information that wanigesin this
example, it turned out that what the customer wants is éiffdrom the anticipated
case, and the suggestion is rejected.

The dialog shows furthermore how the travelling agent is tryjgdnstruct a
mapping of the desires of the customers onto the needs thaveding agency
knows how to address.



A dialog like the one above is not to everyone’s liking. Also, exaryone would
want to go or can go to a travelling agency. Alternativelyaareuse the Internet that
is nowadays, for many, a universal source of information.

An option is to start from the www.startpage.com. There one find$éegary
travel and can try different links. Unfortunately, travelling agenciegshe web

ask them to name a destination and not a route. Browsing through thousands of

non-relevant, though highly attractive offers distracts quickly.rAftene time
one returns to the starting page. There is a search engine and the seansh
‘Rhine’ and ‘travel’ are entered. At last, there are somevaife links to sites

offering tours along the Rhine. There are even maps showing the locations of

hotels and castles along the river. Still, the travelling plan is mwhpete
without a transport connection. They could decide which cities itp g this
choice depends among other things on the travelling times between Titie
make their choice easier travellers can decide to go by train ana thieetrain
planner Web site like www.db.de. Doing so, one has to work itelatby
requesting information from the train planner site and matching this
information with information about hotel accommodations acquired from
another site. Finally, the travellers complete the plan and book hatelgrain
tickets. The task is accomplished, but getting this far requjuéte a bit of
discussions, browsing and thinking, and all this despite the fact twat t
required data are all easily available.

With this simple example, we show that mapping one’s deRiresformation onto
information needs can be non-trivial. We have to take into accbhanour travellers
are not knowledgeable about the availability and the content ofntbemiation
resources, given the number of information resources and the \afrigigstions the
travellers might have. Our travellers have to explore tii@rmation space and the
desired information can be extracted only when at least sothe oflevant resources
are known to the travellers. If such an exploration takes too eftwtt, the travellers
of our example will consider other options and will compromise somleeaf initial
goals. Furthermore, regardless of whether travellers know aboubtiient of the
resources or not, they have to combine the information fromelaant resources
into a form they actually need and this is not supported by priegeriaices.

In addition, the example shows that there is a need for amisdéary guiding the
customers with their desires for information to the relevafdrination services.
While a search engine can be seen as an intermediaefficiency depends on the
user's query. For example, a query on travelling to Rome wouldnranany
irrelevant links just because Rome is often mentioned in ab sértlocuments and
web sites. Moreover, many search engines would not considezata serm ‘Rome’
a relevant term to access a site with a database omeairtimetables that contains
records about flights to Rome.

First, before starting the communication process, the readea leartain desire for
information. The word ‘desire’ implies a strong intention or dins in contrast with
the ‘need’ that is in general defined as a lack of sometieiggisite or useful. Figure
8 shows this distinction from a number of viewpoints.
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Figure 8 Distinction between desires and needs. Therayapaf the reader and the archive are at the
different levels.

Returning to our example, the desire of the travellers is to malan for their tour.
Unravelling this desire in more detail would give us the routg theuld like to
follow (along the Rhine), the time they want to spend (less flve days) and some
specific interests such as visiting museums, natural citegies. However, to make
the plan realistic it needs to be mapped onto existing servibese services are built
around information needs that are defined by the maintainershofes and based on
user studies or just preferences of the maintainers of ashiravelling agencies,
railways and airlines usually require naming the destinai@hplan the route based
on criteria such as minimal number of stops, shortest asfasiute, minimal cost or
some combination. Table 1 gives examples of desires thallenavmight have and
needs that are supported by different information resources.

Both the desires and the needs are multidimensional and diffeadial overlaps can
be found, so in reality the mapping is not binary (either useful 9r oot rather the
degree to which the resource can be useful and in what qualéy ibe useful to
address a particular desire for information.



Tablel An example of mapping desires onto needs

Need | Railways | Airlines | Web-site | Travelling | Web-site
timetable | timetable| about the agency on skiing
Desire (planner) | (planner) | city web-site
Where to spend
summer X
holiday?
How to visit
the Pisa tower? X X
What are the
‘nearby’
locations  for X X
skiing?
How to get to
Rome? X X
Plan a tour
along the X X X
Rhine.

The Knowledge Gap: High Level Model of Communication

To arrive at an approach to designing Habitable Interfacesastefrom a high-level
model of communication between the reader and the archivenitiuis! is rooted in
other models proposed in the literature on Information Seeking and Inimnma
Retrieval. There are several overviews of the models le@dncept of information
in general (see for example Ingwersen 1992; Capurro & Hjgrland 20@83. we
would like to briefly consider the most influential models.

We start from the simple Information Retrieval model Figure

Data/Text Match

Query

Figure 9 Simple Information Retrieval model

In this model, a query is matched against all available ttafdan be in a variety of
forms, like text, tables, graphics and other). The matchtibmcan also be adjusted
based on a query that is presented to the system. Depending oplraemation of
the match function and its interaction with the query, this modeldescribe any
Information Retrieval system.

Belkin has put forward a hypothesis about the Anomalous State of Kigev(ASK)
(Belkin et al. 1982). Figure 10 represents Belkin's model. Traee several
significant advances in comparison with the simple InformatiorridRal model.
Firstly, Belkin includes the recipient and knowledge of thigpient in his model.
Secondly, there is a division on two levels of communication:itigiistic level and
the cognitive level. Thirdly, the model points towards ASK agrempt for a
“recipient-controlled” communication, that suggests that regipienay not know
what information can be useful for them. In other words, retipiget to know about
what information they need during the search process. Such as/&milar to the
distinction between desires and needs that we discussed above.
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Figure 10 The communication system of information sciencdKiBe 1978, p.81)

Following his model, Belkin states that “... the effect af thformation associated
with any particular text can be predictegiven some idea of the recipient’s state of
knowledge, and some means for representing states of knoimMBedjen, 1978). In
respect to designing the interaction with an information syséseral open questions
remain, like for example: “is it possible to have an idearofanomalous state of
knowledge (within a formal system) and representative meansvthdd help the
user to ‘correct’ her ‘anomalous’ state of knowledge?” Doesrtbdel imply that any
ASK can be addressed by interacting with a system or the A8ildsbe within the
States of Knowledge? How can the States of Knowledgepbesented as to help the
readers to resolve their ASK? Furthermore, although Belkergdo the desire for
information in his text, it remains implicit in his model justths notion of a topic of
communication.

Another way of considering communication between a reader and awmeaisty
describing the behaviour of the reader in interaction with tbleivae. Clearly, to be
applicable for designing interfaces of archives this model shmulgeneralised over a
set of possible designs and also over a set of potentiareeand their questions.
Taylor (1968) describes the process of asking questions as stestinghe ‘visceral
need’

* Visceral need — a vague dissatisfaction with the current letige about some

topic;
e Conscious need — conscious understanding of what kind of information
(knowledge) is missing;

 Formalised need — the formal statement of the need;

« Compromised need — the query that is presented to the archive
The model suggests that readers formulate a query in sestpd. In later
experiments, (Chen & Dhar 1990) the last three steps were myasteserved. But
Taylor's model does not explain how the visceral need is beamyerted into a
compromised need. We believe that this conversion depends on tha déshe
retrieval system. An experimental investigation on such tdues to generalize
beyond the design of the system used in the investigation. In othreis,wif the
system design implies a certain behaviour of the readisr)ikely to induce such a
behaviour. For example with some interfaces, the readers haxplave the archive,
with others they have to know the terms used in the archive bafyrean search for
the desired information. The example from the previous chapter shfferences in
interacting with a human intermediary (travelling agent),ompmuter system with
hypertext (web sites) and a search engine. The first ititemais based on a dialog
and negotiation, the second is sort of navigation or browsing antthitdeone is a
combination of a simple dialog (entering keywords) and brow@hrgugh results).



The significance of the Taylor's model for Habitable Intezfads that it postulates
that a request to the archive is a result of converting ticplar ‘inadequacy’ in
reader’s knowledge about some topic.

We take also a model of the system into account into the moaeinmhunication.
This allows stating a hypothesis about the system designahdie validated against
empirical data.

Based on the above, we arrive at the following charadteristf the Habitable
Interface model:

- The readers have knowledge that can be divided into classesgsére
purpose of building a model.

o Domain knowledge is a set of facts and rules that are knowmvéthi
certain research domain. In a federated archive, this knowlesige
form a basis to organise disparate resources.

o We refer to the knowledge about the current situation as tnisit
perceived by the reader. It may be not an adequate understanttiag of
situation by the reader, but for our purposes, this is not relevant.
Situations can be rather divers. If we add to this an individual
interpretation of the situation, it is clear that this krenge will be
specific for an individual reader. The knowledge about the wurre
situation will set the context, within the domain, for théotimation
being communicated.

o The knowledge about the system or the language of the system is
needed for converting the desire for information into a query ¢hat i
comprehensible for the system and for converting results retimned
the system into a form that the reader understands. The knowledge
about the system, as any knowledge on communication, can be
considered at four levels: lexical, syntactic, semantic @magmatic.
The fourth level in this classification is the pragmatic lestewhich
the desire for information is communicated.

- The desire for information stems from the current situation aisdb&sed on
domain knowledge. The desire also indicates some lack of ddmawledge;

- Readers do not need to know the language of an archive and radeysreill
lack knowledge about the archive and its language;

- The gap between the desires for information of the readerthamaformation
needs supported by archives can be viewed as the combinedoéfiack of
domain knowledge and lack of knowledge about archives;

- Converting this lack of knowledge into communication requests gesera
different sorts of behaviour, that, in general, depend alsbeddsign of the
archive;

- The communication process stops when the reader is satisfiedUislec a
reader can feel bored and frustrated, but what we point atngenal
conditions when in response to external events and, possibly, attasfthe
decision is taken or forced to be taken to stop interacting. Is¢hise we can
say that in the given circumstances the desire, not therreadesatisfied at
certain point. In other words, searching is not limited to oseuree only and
continues until the desire is satisfied).

This model is depicted in Figure 11. The content on Figure 11 mhgtbeogeneous
and also distributed across a computer network like Internet. $he of accessing



the content and combining it into a uniform information space should beszédr
An important question to be answered based on this model is the adsiga
Interface. The Interface presents to the reader whata#able in the archive and
allows building a comprehensive set of queries (a set of equenay be needed
because content may be heterogeneous in form and distributed over aertomput
network). The results of querying must be combined into a shegiesentation for
the reader. However, the particular implementation would reganswers to
guestions such as:
- What are the principles to organise the representation® ahfibrmation sent
to and retrieved from the different resources?
- What sorts of interaction with the representations are uaefiiladequate for
the reader?
Our model suggests that the representations should be based on Koovdedge
and the interaction with these representations should be designedritoareguire a
minimal knowledge of the system.
The design of the interface serves to reduce the requirementieoreader’s
knowledge about the system, and to improve the effectivenesdfaehey of the
communication.

______________________________________________________________________________________

| Reader i
' | Knowledge i
| Current situation T Desire for information Satisfied? | !
! Domain L .
Conver
i Lack of the domain knowled¢ .
| Lack of the system knowled¢
| | System Conver
Query Result
Interface

Physical content
! Archive

Figure 11 High level model of communication

It is clear that for the interface to perform its functiomsparticular functions related
to the awareness of the reader, it should be able to inténerghysical content at a
level that would help the reader to bridge the knowledge @he.level at which



content can be interpreted by the interface will be determiogdavailable
technologies (like statistical analysis, for example, altovinterpret physical content
at the lexical level based on a user query). In principle, ysiem should be able to
communicate at the level of the situation. Not a situatiorsuah, but what the
inference of the situation is at least in a particular dom@his can only be done
when interpretations of the lower levels are available.

An interface provides interaction of the reader with the corténhe archive. For
designing an interface, the dynamics of this interaction shouldobsidered. In
general, both content and reader are changing over time. Irtendhions relatively
stable domain knowledge can help in the communication by providingdgebr
between the reader and the content. In a situation when the contege<ihapidly in
comparison with the changes in the desires of the reader amation filtering
approach can be utilised. Information filtering allows users toifypaeir desires in
some formal way. The archive, then, can notify the readert ablmvant changes in
its content. Also, the archive can suggest to the reader tbp®s that seem to be
relevant. The input for such filtering can include both the curpeirt of interest as
well as a navigation path or interaction history with the reéalso, the interaction
with the other, collaborating, readers can be considered).

Specifying the desire of the reader will require represerihegdomain knowledge
and the possibility to browse through domain knowledge.

The domain knowledge is never complete, but it is (at least shouid theory)
consistent. In, practice, however, one can find well known and lefisknown
inconsistencies and gaps in the domain knowledge. Taking all thiadgnbunt, while
reasoning, may be too high of a load. In addition, people usuallatep@nentally)
with a limited number of items. Pictorial and schematic repmasions of domain
knowledge seem to be useful to facilitate the acceas &chive.

The desire for information is not necessarily mapped on a continoeaisnadomain
knowledge. A possibility of selecting and integrating sevetalvamt topics from the
domain knowledge should be realised in interface.



The Concept of Habitable Interfaces

An interface can be categorised by, at least, three chaiacteristics:

- Functionality;

- Representation of functionality and results (visual or/and otleelalities such

as audio, tactile, etc.);

- Interaction;
Functionality in general is determined by specifying a setoafisgthat a user can
achieve by using the system (for example a text editor cansed for typing,
formatting, printing, saving texts and so on). Functionality isall a hierarchical
set. It is important to compare systems based on a preas#ficgtion of their
functionality (down to the most elementary functions). For exanwité, a key one
can unlock a door of a car. If a car has a central lockcaneinlock all the doors of a
car from one location (but, usually, the user will not be &blenlock only one door
from the outside). Another example is the steering of a \6d4ren an electrical
steering system was proposed the feedback from the steering wheenot
immediately recognised as an important function. As a rest@ering with those
systems without feedback was more difficult and even more daugéren with the
traditional mechanical or hydraulic systems.
Some functions are difficult to associate directly with gadlsser. These functions
usually are either informative, error preventing or error hagdlFor example, a
driver cannot switch to reverse unless the wheels of areanot rotating. There are
also informative functions, like an indicator of the batteryesta mobile electronic
devices such as notebook computers.

Representation of functionality and results can be trivial athencase with the
opening doors of a car. The function of opening a door is representekkyadoor
lock and a door handle. If the door lock is invisible one may concludettiba
functionality of locking a car doors is absent. A button on a key caesepr the
function of unlocking car doors remotely. In addition, special symiraiext are used
to represent the available functionality for the users. In ntasgs, functionality is
also localised (normally, one would hardly need to steer altiéer faeing outside of it
or in a passenger seat).

The representation of functionality and results can be multimédalexample, the
feedback from the steering wheel is tactile. Some cassa audio signal when the
driver takes the key from the ignition and opens a door wédleithg the lights on.

For designing computer systems the design of representatioasas “trivial” as in
the car examples above. This stems partially from the abstature of the concepts
that are usually manipulated with. In computer systems metaph®raidely used.
Metaphors usually resemble familiar things from everyday, lifiee the office
desktop. There are two main issues with metaphors. Fitlséhygorrespondence of the
computer model with the original (real world) prototype is only phmind it is
sometimes difficult for users to give up an attractive pleda when it does not
correspond anymore to the system they work with. Secondly, metapiverschbe
familiar for a user which cannot be expected for a wide audientte different
cultural and professional backgrounds. What is familiar for one uos#y be
completely new for another.

Interaction is needed for a user to instruct a system to perfertain functions.
Examples of elementary interactions are pushing a button or shaftiyggr in a car.



The example of shifting a gear is interesting as it reguisome additional
functionality and interaction in the form of pressing and releasitigteh pedal. It is
not immediately clear for a naive person that theredermection between a clutch
pedal and shifting of gears. This interaction requires usdesrn this special skill.
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Figure 12 Correspondence between user’s goals and systericiusic

Figure 12 presents the correspondence between the user go#is &mactions of a
system. This correspondence can be incomplete. Not every gagbpsrted by the
system and the system sometimes has excessive fundyiofdle latest does not
seem to be of a problem, however it requires more ‘space’ teseapr all the
functions and can distract the user's attention. Users perceigystem and an
environment and act upon the system according to their goals.sTaisery rough
simplification as users have emotions, feelings, they makekes and they are not
always clear on their goals if there are explicit goakdlaflso, there can be a mixed
initiative in interacting when the user reacts on something pexbégtthe system or
otherwise the user issues commands for the system based onestmmel (to
interaction with a system) goals. However, we do not atteonptatch a user model
with a system model. An example of a more detailed correspontietween the user
goals and the system functions is presented in Table 2. Fheofiv represents the top
goal of the user that is directly relevant to the systemrucmiesideration. The next
rows represent sub goals of the top goal. The goal can, usaligached by using
the functionality of the system. To use the functionalitg, user must be aware of it.
The awareness of the user about the available functionalipchieved through
learning and/or representations. Access to the functionaldysgftem is expressed in
the design of interaction with the system.



Table 2 An example of hierarchy of goals

Goals Functions (of aRepresentations Interactions
computer)
Write a report Text editor A computer Using a computer
with text editor
Using a computer Switching on and Power switch Pressing power
with text editor off switch
Input and output of Input devices suchTyping on a
information as keyboard, mousekeyboard, clicking
and microphone on and moving the
and output devicesmouse, reading
such as computerinformation from
display and the screen,
speakers listening
Edit a document Create newlenus, toolbars, Selecting menu
document, opencursor  (indicates items, pressing
existing document, place where texttoolbar buttons
saving document,will be inserted), moving cursor,
type in text, delete background, written selecting text
text and insert text| text

The quality of an interface design can be expressed in critgcla & naturalness,
transparency or more specific like usability or user satisfaic We will discuss these
criteria in the chapter on evaluation criteria (below).

The interface design is facilitated and consequently constrdigethe available
technology. It means that there is a balance to be found detiumctionality,
representation and interaction. This balance can be indicatesints tof chosen
criteria. The criteria may be a set of components. Somebioation of these
components gives overall assessment of the design. In geméeala can be divers,
and optimisation for the different criteria may require differeatnbinations of
functionality, representations and interaction.

The constraints of technology are not always clear, so itfisudifto predict where
the maximum can be found. To improve the quality of an interfaeeinterface can
be compared with other interfaces and also subsequentlgaefin

To decide which functionality should be included in an interface,chvhi
representations and kinds of interaction should be employed weritsea. By
varying different aspects of an interface, such as addingerapving functions,
changing representations and interactions we will consequently ienglre\interface.
The concept of Habitable Interfaces, then, can direct anéimprovement.

® Most definitions of usability in the literaturecinde satisfaction as one of the components of
usability. This implies that there are several shaltders each interested in particular componédnis (
not all) of the usability. Considering readers lzes main stakeholders, we could assume, for example,
the satisfaction of readers to be the central isswk the effectiveness and the efficiency to be the
factors that influence the satisfaction.



Habitable Interfaces can help users to convert their defresmformation into
information needs that are then being communicated to the exisfioigmation
resources. Using Habitable Interfaces would change the exammglg planning a
tour along the Rhine significantly.

By interacting with a visual representation, one would select orap cities

one wants to visit or select a route one likes to follow. Addingdheept of
hotels or attractions would visualise these on a map enabling the ussuest
information on these accommodations and ‘glue’ selected information to the
selected route. Further, one can play with the selection to aatia planning

of the trip one likes most. Because all communication betweergbarces is
done transparently for the user, there is no need to know all sowfces
information and their interfaces.

The above illustrates the basic concept of Habitable Inesfathe concept of
Habitable Interfaces builds on values-based trust.

The most important feature of Habitable Interfaces is manipglatith graphical
representations of concepts and relations from a specific doofaiscientific
knowledge.

For molecular biology, for example, knowledge about a cell and itp@oemts can
be used. Obvious graphical representations for this knowledgéybseds pictures of
a biological cell and its components. In addition, well known metapboch as
biological pathways (Figure 13), structures of proteins or genome (Rapse 14)
will be used. These pictorial representations will be rdlatighin an interface to the
concepts and the relations of ontologies and further to themation resources.

Based on this feature the whole set of functionality will be @mgnted. The use of
the domain knowledge for browsing and collecting information seems tather
direct. For the other three functions, this feature will sawve@ way to provide input
such as setting the parameters for filtering. While browsingugh concepts a user
can, for example, ask to notify when new data about a certaie@iondl be or have
become available.
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Figure 13 An example of graphical representation of a path(liayt signalling pathway. Downloaded
from BioCartahttp://www.biocarta.com/). Users can access information about differentpmmments
of a pathway by clicking on representations of ¢hesmponents on the pathway.
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Figure 14 An example of representation of human genome (from
http://www.genome.ad.jp/hypergenome/). By clicking on different parts of the chromosane
represented, users can fetch information relatedselected part of a chromosome and in confext o
understanding mechanisms of human diseases. Treegatare may be used in other contexts where it
will refer to different information and/or infornmiah resources.

The concept of Habitable Interfaces in terms of functibpnatepresentations and
interaction can then be specified as follow:
- Functionality:

o Browsing (Allowing the user to browse through available information
by means of representations and interaction based on navigating
through these representations)

0 Retrieving (Finding relevant information from all the ashike
resources based on a query specified by the user [by typingisend,
speech or navigating through some representations of available
information])

o Filtering (Finding relevant information within a collection of
information sources, based on a priori parameters of a filteifigok
by the user)

o Chaining (relating objects, concepts or resources from the domain i
way suitable for the user)

o Collecting (allowing user to systematically or randomly colidata or
other objects [like concepts] from a representation or resulta of

query)




- Representations:

o Graphical representations that are built based on concepts mtifgrie
knowledge from a particular domain (such as maps, chartsstable
complex objects like biological cell)

o0 Make use of domain knowledge for building, manipulating with (or on)
representations and relating representations to information resource
and data

At the level of physical input the interaction can be basedandard input devices
(keyboard and mouse). Later speech and other modalities (sumiceageedback) can
be tested on how far they can improve the habitable aspeaisiofa interface. At
the level of manipulating with graphical representations on apuaten screen we
have to decide on a set of virtual tools (such as rotating, tolechaining) to

facilitate such manipulation.



Evaluation

To be applicable in a design, a concept needs validation. itkatray the concept of
the Habitable Interfaces we follow, in general, the empixiakdation approach. The
concept, such as the concept of Habitable Interfaces, canpecaity validated by
building a number of prototypes and evaluating these prototypes undetigeal
conditions. Such evaluation is, usually, based on a priori agrdedacand a method
for evaluation (the design of the evaluation).

Criteria

As we mentioned in the previous chapter, there are severakdiffeand sometimes
overlapping) criteria that are advocated in the literaturenterface design and used
in evaluation of information systems. Some of these crimastandardised. For
example, ISO standard ISO 9241 part 11 gives guidance on the usabilitsements
for office work with visual display terminals. Here, usdbiis defined as the extent
to which a product can be used by specified users to achieve egpagials with
effectiveness, efficiency, and satisfaction in a spetifientext of use. However, the
standard itself is formulated as “ergonomic requirements”erathen criteria.
Furthermore, the term “office work” is not specific enoughdor purposes as we put
a clear emphasis on scientific communication. Neverthdiesgyeneral ideas behind
the usability can be reapplied in shaping-up criteria for evaluatiagitable
Interfaces.

As we discussed in the previous chapters the main stakeholderdecedsin the
concept of Habitable Interfaces are the readers. Following atlierors, we asserted
the importance of trust in scientific communication. Of counsest is not the only
criterion that is important for scientific communication. bid#ion, criteria such as
effectiveness, efficiency and satisfaction (in a sensealinig in comfort) have to be
evaluated on. These criteria need to be operationalised in af gaeasurable
parameters. The set of parameters as it is planned nowsenped in the next section
of this chapter. Here we consider one of the measurementdevéhef trust in more
detail.

Zucker (1986) distinguishes three central mechanisms of trust-proadictt offer a
framework for analysing real-life situations: process-basest, tinstitutional-based
trust and characteristic-based trust. Hummels and Roosermtiteal a fourth type of
trust: values-based trust. They explain and elaborated on tipesedfytrust using the
notions of ability, benevolence and integrity. Below we preseninam&ry of the
discussion. The four mechanisms of trust production are presarfaglie 15.
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Figure 15 The four mechanisms of trust production

It is particularly the relationship, between (intlEpendent parties, which is relevant for
trust in business relations. This relationshipésedmined by three characteristics of the
trustee:ability, benevolencandintegrity.

Ability refers to the personal and functional competencehef trustee to perform
according to the legitimate expectations of thetbu

Benevolence is the extent to which a trustee is believed totviaro good to the trustor.
It expresses a willingness to “care for the pratecof others”.

Integrity is defined as a “reputation for honesty” or — miorgeneral — as the adherence
to a set of principles.

Process-based truststresses the need to be responsive to the needs of tloe tmist
the basis of successful cooperation in the past and a desimntinue the
relationship.

This entails a strong orientation towasdslity andintegrity (or loyalty).

Ability is important since the focus is on achieving mutual benefit.

In a situation in which cost-reduction or (financial) benedits strong motives to
build process-based trusttegrity also becomes important. If the other violates the
basic notion of integrity by cheating or taking a free ride tloéaboration is
endangered. The notion bénevolencenay but need not play a prominent role in the
decision to trust the other.

Institutional-based truststresses the need to be responsive to the needs of the trustor
on the basis of an abstract duty to act professionally.



Institutional-based trust entails a strong orientation towards athiéty of a
“professional” who is expected to be capable and willing to ecbrding to the
standards of the “profession”.

A person’sintegrity andbenevolencare fine qualities but what really matters is his
ability to, for example, diagnose a disease and to inteeéeetively.

Characteristic-based trust stresses the need to be responsive to the needs of the
trustor who appeals to a common background and a set of sladwed wr principles.

This entails a strong orientation towatsEnevolenceThat is, one cares for the needs
and interests of those one is closely related to.

The notion ofability may be important when someone wants to “become a member of
the club” but once he or she is accepted ability plays apessinent role in the
decision to trust.

Values-based trust entails a positive attitude towards the trustee iftuat®n in
which the trustor has no evidence that the trustee willusgworthy. It rests on the
expectation that the trustee will not act to the detrimetheftrustor based on a sense
of benevolencedecency, or good will.

Values-based trust entails a strong orientation towhstgevolenceand integrity,
while the notion ofability may but need not play a prominent role in the decision to
trust the other. Benevolence rests on the assumption that botruskee and the
trustor think through the possible outcomes of their interactionscant to the
conclusion that it is in their best self-interest torostivorthy.

The way trust develops in communication will also depend, we asamtbe way
the information is communicated. It will depend on the interfsteeen the scientist
and content. Based on the mapping between the functions of scieatifmunication
and the types of trust, different concepts towards the developrhémterfaces for
scientific communication can be put forward. For example, thetutistial-based
type of trust can be related to branding (building trust toward$ esthblished
brands). Interfaces that build on institutional-based trust cat feaards the
development of in-house archives. The concept of Habitable logsrfia built on
values-based trust (see Figure 15). The level of trast important design criterion.

Design of evaluation
The design of evaluation, in a bird’s-eye view, is preskatethe Figure 16
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Figure 16 Comparison of two interfaces

Several interface designs will be compared. For this cdegrathe same set of
resources and similar desires for information of the usdrdaviapplied. The main
characteristics of an interface as discussed above aeeaderiteria for evaluation.
For comparing interfaces we need to decide about operational emeasts that can
be made during evaluation. In deciding about operational measueenteis
important to match between the goals of the evaluation and tasuneenents that
will be used.
In the planned evaluation, both objective and subjective measusmahtbe
collected. Objective measurements are taken by an exg@amand may include
measurements on how much time users need to accomplish a taskangverrors
they make, how many times they repeat the same error.cBubjeneasurements are
based on participants’ assessments. These measurements canlitadveuand
guantitative. Quantitative measurements can be collecte@x&onple, based on N-
point scale ratings. The participants will be asked to st@téevel of their agreement
or disagreement, for example, on a scale from one to fitle, statements from a list.
We also will collect the participants’ comments that espnt qualitative
measurements.
We plan to collect the following measurements of diffeesnoetween interfaces that
will be evaluated:

- in data obtained in a search

- in time needed to obtain the same result

- in comfort to obtain the same result,

and

- in trust of users towards both: the information they will collesing the

interface and the interface itself.

These measurements will be combined to judge about “habitalsieécts of
interfaces.



Conclusions and Further Research

The proposed concept of Habitable Interfaces is an approach to desigaced of
scientific archives such as to improve effectiveness andiegf€y of scientific
communication. It rests on our analysis of scientific commuicas a context of
use. Particularly, the following relevant conclusions weasvdrfrom the analysis:

» The applicability of an entity of content may be seen difféyeoy a reader
than applicability of this entity of content that was intended Hgy author.
These differences are important for communication and should he itake
account when designing distributed archives. This is especrajpriant;
given the relatively large number of resources that a ssiemgly need to
access.

» The four functions of scientific communication proposed in the titezaare
supposed to be invariant for different technologies that may be used i
implementation of a communication system. If indeed true, thigrekieal
framework provides stable basis to analyse and build scieeifitnunication
systems.

» Trust is an important phenomenon in communication in general asdait
necessary condition for scientific communication to take place.d&sign of
interfaces for scientific communication should enable a necedsary
communication level of trust of the actors.

The differences in applicability of content were taken intaant in the proposed
high-level model of communication. The distinction between deBiresformation

and information needs supported by information resources can balyatiributed

to the differences in applicability of content. The model suggéstisrepresenting
information resources to the reader using the domain knowledge npajoHaidge

the gap between the desire for information of the reader adhfibrmation needs
supported by the information resources. The concept of Habitabiéat#s, that is
proposed based on the high-level model and the analysis of scieatifimunication,

if applied to the design, may improve effectiveness andi@ffiy of scientific

communication.

Further research will be aimed at developing technologies fodibgilHabitable
Interfaces. Based on these technologies a number of prototypdsevillilt. These
prototypes will be evaluated against proposed criteria and comgquaproved.
Several research questions remain open, such as:
- What are the suitable structure and form of the domain knowledgset as
the basis for building Habitable Interfaces?
- How to design different aspects of browsing, such as browsing ® geoeric
or to more specific concepts and what are the starting goimbsowsing?
- What kind of dialog controls and visualisations are useful?
- How to combine graphical representations of individual concepts and
resources to produce sensible integrated representations?
- How to represent concepts and models that do not have direct ghysic
meaning? What kinds of metaphors are useful?
Answering these questions may require some preliminary testisgmentioned
above, after developing prototypes an empirical evaluation ofpth®types is
planned. The concept of Habitable Interfaces will be validateddoan results of this
evaluation.
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