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Towardsa Pattern Language for the Design of Collabor ative
I nteractive Systems

Claudia lacob, Piero Mussio, Li Zhu and Barbara Rita Barricelli
Department of Computer Science, University of Milan

Abstract: Nowadays, the design of interactive systems addsediverse communities of
end users, each belonging to a certain cultureinbaa role in the context/domain and
using a specific digital platform. More than oftéhey come together and collaborate in
performing their work tasks and need to be supgddstevirtual interactive systems. This
brings a set of challenges and design problemsetdabed by interaction designers
focused on the design of collaborative interaciiystems. The present paper focuses on
one approach to overcome these challenges — bynmakiailable the knowledge and
wisdom within a team of designers to each and ewssigner in the team by the
definition of pattern languages, organized as setsultimedia, multimodal documents
accessible and manageable in the Web. A desigerpdéinguage comprises a set of inter-
related design patterns able to address interactasign problems and to allow the
accumulation and use of knowledge within a teardesfigners. This paper identifies and
describes a set of design patterns addressing ébigrd of collaborative interactive
systems together with the possible relationshipsragnthem and the operations made
available to designers for managing and using #teems.

Keywords: Collaboration, Design patterns, Interaction desigitalization

1 Introduction

Collaborative interactive systems focus on suppgré community of end users - i.e. people
who are not computer science experts, but are stggpby software systems in performing
their everyday work activities [4] — to work togethin achieving a common goal. The design
of collaborative interactive systems, as all degigocesses, is a complex creative process
which requires more knowledge than any single persm posses [11]. “The predominant
activity in designing complex systems is that pgptints teach and instruct each other.” [10]
Therefore, the design of collaborative interactisystems requires the participation of
multidisciplinary stakeholders constituting a desigeam and bringing the necessary
experiences, skills and knowledge to the desigongs® The stakeholders becoming designers
in the team need to communicate and collaborath eéch other, sharing their common
problems and understanding of the design issugsféite. This leads to the need of tools for
sharing, managing and enhancing a common knowledge, accessible to all the participants
in the design process and which gathers the conkmowledge and wisdom within a team of
designers. Making all voices heard and allowingd&sign problems to be shared enables
social creativity which, as defined by Fischer,plexes computer technologies to help people
work together” [11].

Design patterns are tools to support social crigatproviding a way of capturing and sharing
knowledge and wisdom related to design problenssrayin the design of interactive systems.
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Each design pattern is a multimedia document gidianproven solution to a recurring design
problem” [3]. Moreover, in design, problems are isofated: they refer to each other, smaller
problems arising in the context of larger ones.réfuge, patterns are not isolated, but linked
according to the relationships among the probleimsse solution they document. These links
relate patterns together to form a pattern lang{@jge shared repository of a finite number of
problem-solution specifications. A design patteanguage can be usédr the design of
collaborative interactive systems, accessed andagahby all the members of the team of
designers.

The paper adopts and refines the definition ofglepiattern proposed in [3] and introduces a
set of inter-related patterns addressing the desigiollaborative interactive systems. These
patterns form a pattern language seen as a colyineaolving shared repository of
knowledge and wisdom which may be modified and obved at any time based on the
designers’ experience.

2 Background and Related Work

Patterns and pattern languages were introducellebgrthitect Alexander in the seventies [1]
as tools for capturing and making available androomicable knowledge and wisdom related
to urban spaces. Alexander conceived urban spacasedacts, where “people enjoy living in”
and which “have a certain, timeless ‘Quality with@uName’ that cannot be reduced to a
single dimension” [3]. These environments must mevaffordances which support “the
patterns of events that frequently happen therg"Ratterns of events that frequently happen
in a space and the relationships among them arereated by the architects themselves, but
emerge by the interaction among their inhabitant$ the space itself. Urban spaces are not
designed in insulation but as a system: they tefeach other, smaller spaces being defined in
the context of larger ones. Design becomes a psdneshich space is differentiated to create
a complex solution. To design urban spaces of &sgedl quality, Alexander saw the necessity
for architects to explain their views to their dlig, to discuss within the architects community
about the reached solutions of design problemg@hdve a repository of the knowledge and
wisdom created through the design activities peréat by the community. This repository
evolves in time, recording new solutions to thes@oly new) problems arising in design
activities.

Alexander conceived multimedia documents to be usedrchitects: 1) as knowledge and
wisdom repositories about the solutions of ofteaureng urban design problems, 2) as means
of communication of the solutions among the architemmunities and, 3) as communication
means between architects and their clients in #mgd of urban spaces. He called these
documents “patterns”. Alexander established a peesiructure and layout of a design pattern:
each pattern has a hame, a descriptive entry,@nd sross-references to other design patterns
which support and contextualize the solution déscti Each structural section is characterized
by a specific graphical layout. The uniform fornmtpresentation improves the usability of
design patterns, because readers can develop geadliterns [13], adaptable to the different
uses of the documents required by their activiEsign patterns are not independent but they
constitute a network of inter-related documents, “fiattern language”. A pattern language is
a hypertext which organizes good design practiagdsrmdomain. Alexander did not propose
any formal definition of design patterns and desgttern languages but only informal
guidelines for their development. His proposainsited to the use of paper based documents
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organized in a hypertext fashion. Paper, as comeatioh support, constraints the way of
navigation in the hypertext as well as its updatd maintenance, i.e. how the evolution of
design pattern languages occurs.

Alexander’s approach had a wide impact in sevesadains, including Computer Science and
Human-Computer Interaction (HCI). Software engimeei(SE) applied design patterns for
expressing Object-Oriented software design expeeieBoftware engineering patterns address
mainly professional programmers and computer setsnand are not intended to a general
audience. Moreover, the collection of design patemd the relationships among them are not
complete enough to form a pattern language in te&akdrian sense [3].

The HCI community was attracted by the Alexandapgroach in two directions. First, HCI
designers adopted the metaphor which maps an dtiterasystem to a space which offers
affordances for humans to develop their activiiad to face the variances which can affect
them. Reenskaug coined the term habitable spacesefine these virtual spaces [15].
Secondly, many HCI designers adopted the desigierpaand the design pattern language
approach to document and describe “the reasordefign decisions and the experience from
past projects, to create a corporate memory ofgddsnowledge” [3]. Several collections of
design patterns [18, 20] for interface and inteosctiesign are now available on the Web. A
collection of patterns targeted for the designamiia interfaces is introduced in [7]. The focus
of these patterns is on the design of systems wdigplport social activities like: broadcasting
and publishing, collecting data, rating, or colleditve editing.

Borchers evolves Alexander’'s notions of designguatiand design pattern language while
recognizing the HCI design as a complex processatiteeres to the view that design of
complex processes requires more knowledge than samyle person can posses [11].
Therefore, he proposes a user centered approatiitdesign in which stakeholders from the
application domain, HCI and SE collaborate to thsigh. This leads to the definition of three
pattern languages: one for describing the problaetsby stakeholders in the targeted domain,
one for describing the problems in the HCI domaid ane for describing the problems met by
stakeholders in SE. These languages facilitateedinemunication among all the stakeholders
involved in the design. Moreover, Borchers recogsithe importance of formalism as a
support for reasoning and creation of softwarestodherefore, he introduced a graph based
definition for design pattern languages, which hsesufor developing a new way of
visualization and access to design patterns an@rpatlanguage. However, the definition
underlies the design pattern construction. To ladblesby their users, patterns are presented as
multimedia information, including images, sketches graphical schema and not as formulae.
Design patterns become Web documents (nodes afrtghs) and the pattern language is
presented to users as a browsable map represéméirggaph and deploying the hyper-textual
structure of the language in a way understandaplallbstakeholders in the design team. To
reach this result and exploit the affordances ef Wieb 2.0, Borchers defines the Pattern
Language Mark-up Language (PLML) [14] for allowitlge translation of the definition of a
design pattern into an XML Web document and presargample authoring and browsing tool
to work with pattern languages. In this way, thiegertexts become available to the
stakeholders in the design teams, making availedreepts from the application domain, the
HCIl and SE domains.

Our focus is on the HCI problems in the designaifaborative interactive systems. We adopt
Borchers view, refining and adapting methods arastéo the new domain based on our
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experiences [5, 6, 19]. We look at collaborativieliactive systems as spaces where end users
can develop their collaborative activities and attgrn languages as the repository of
knowledge and wisdom gained by designers so fahisnpaper we propose a pattern language
addressing HCI problems and solutions within tloistext.

3 Pattern Mining in the Design of Collaborative I nteractive Systems

Collaborative interactive systems have as goal suing the collaborative work of end users

working within communities in terms of: a). thegasoning on the problem at hand, and the
knowledge creation and management to support thagoning, b). their communication and

common understanding through appropriate intenadiod c). data sharing among them [9].

There are several issues to be faced in the desigallaborative interactive systems coming

from both the diversity of these end users andlibersity of technology they use.

In order to support the mining of design pattermilrassing issues in the design of
collaborative interactive system design, we idgntibased on literature review [9, 11, 12] and
on previous design experiences [5, 6, 19] — twoedisions that affect the design process:
activity and context As activities, we consider reasoning, communicatnd data sharing.
The contexts identified are cross-domain, intra-diorn cross-culture and cross-platform.
Table 1 summarizes possible issues to be addrested each class of situations.

Reasoning Communication Data sharing

Support the reasoningEnable end users working
knowledge creation different domains

and management ofcommunicate and reach
end users working incommon understandin
different domains through appropriate interactio

"Allow the sharing
of data among en
users working in
?\different domains

Cross t

domain

Support the reasonin
knowledge
and management ¢
end users working if
the same domain, by
having different roles

Intra-
domain

creatiom the same domain, but havi

jEnable end users working

fdifferent roles to communica
nand reach a commo
uitunderstanding throug
appropriate interaction

nllow the sharing
of data among en
eusers working in
nthe same domait]
hbut having
different roles

Support the reasonin
knowledge

Cross-
and management ¢

culture
different cultures

creation different

end users belonging tocommon

J,Enable end users belonging
cultures td
fcommunicate and reach

understandin
through appropriate interactio

t%llow the sharing
of data among en
users belonging t
%diﬁerent cultures

=)

Support the reasonin
knowledge creatio

Cross-
and management

platform

different platforms

end users who usecommon

jEnable end users who u
different platforms to
fcommunicate and reach
understandin
through appropriate interactio

SAllow the sharing
of data among en
users using

?]different platforms

Table 1 — HCl issues in the design of collaboraititeractive systems
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To this, two software engineering related concearsbe added. On one hand, guaranteeing a
consistency among the different instances of timeessystem; on the other hand, facilitating
the maintenance and reuse of these systems.

3.1 Design Pattern and Pattern L anguage Definitions

Several different templates for defining desigrtgras have been proposed. These templates
generally include the name of the design pattdra,description of the problem it addresses
together with the forces that influence this prablsome examples of situations in which this
problem can be met and a possible solution to eaitid problem [8].

Borchers [3] proposed a first definition of the f@ate. This definition is refined in:
P=(d, n, pb, F E, d,K,s, R, IN, OUT)
The description of these elements is defined below:

» Theidentifier, id is a string of characters that uniquely idessi a pattern and which
respects the following regular expression format:where r .

* Thename n of the pattern is a string of characters whielps refer to the central idea
of the pattern.

* Theproblem,pb is multimedia, multimodal description of the praissue the pattern
is trying to solve. It may embed textual, graphieaidio and video content.

e The set oforces,F = {f, ..., f} is a set of multimedia, multimodal descriptionkiah
present the implications of the problem addressgdhle pattern. The forces are
defined as the cognitive, social or economical teelaissues which influence the
problem described by the pattern [3].

* The set ofexamplesg = {e, ..., g} presents the multimedia description of a set of
existing situations in which the problem describgdhe pattern arises.

* Thediagram,d is a graphical illustration of the pattern.

* The set ofkeywords K = {ky, ..., k} is introduced to list the keywords (strings of
characters) associated to the pattern, which magither part of an existing glossary
or new (with respect to the glossary) conceptdedl#o the patterns. In this way, the
keywords are the kernel for the creation of a glosdo be used for indexing and
managing the pattern’s description elements.

* The solution s is the multimedia description of a possible hodt or process for
solving the problem addressed by the pattern.

 ThereferencesR = {ry, ..., 1} set is a set of literature references relatedhe
pattern.

We refine Borchers definition by making explicitréle defining elements: K, IN, OUT.
Moreover, we embed the definition of the “illustos’ element from [3] in the definition of
the elements p and IN.

Patterns are inter-related, allowing the definitddrproblems ranging on a scale of complexity
— more general patterns may point to more speeigatterns. Possible relationships between
patterns are: 1S-A, HAS-A, RELATED-TO. Hence, twdd#ional defining elements are
identified for a design pattern:
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e Theinput, IN = {in4, ..., ing} is the set of ids of the design patterns whicfirdea
context, i.e. the design situations in which thgwa can be used.

e Theoutput,OUT = {out,, ..., out} is the set of ids of the design patterns whicfirge
the design situations that refine the one in wiihghpattern is used.

A pattern language comprises a set of inter-reldesign patterns and it is a directed acyclic
graph PL = 2, A}, whereQ = {P,,..., R} is a finite set of nodes representing designgrat
and A = {Ry,..., Ry} is the finite set of edges representing the refesthips among the
patterns. P£ Q is said to point to ££ Q, hence a relationship between &d B can be
identified, if and only if there is a directed edg¢: A, leading from Pto B. In this case, £
IN of P, (i.e. B belongs to the input set of)Rand B € OUT of R (i.e. B belongs to the output
set of R).

Each design pattern may be described with the tielp specialized XML-based language —
PLML [14]. PLML supports the definition of interleged design patterns, hence providing
means of representation of pattern languages astéki acyclic graphs, which can be viewed,
browsed and managed accordingly.

3.2 Patternsfor the Design of Collaborative I nteractive Systems

In what follows, the paper provides the brief dggimn of a subset of the design patterns
derived from previous collaborative design expergen[5, 6, 19] and which are part of an
initial and under development design pattern lagguaddressing communities of interaction
designers, focused on designing collaborative aatére systems. The description of the top
design pattern is complete. The descriptions ofdther design patterns omit (due to space
limitations) the forces, the set of references i(alsée in Section 6), and the sets IN and OUT
(illustrated in Figure 1).

P1: Enable Collaboration.
Problem The growing complexity of design problems [2] a&hé expanding scale of design

projects are moving beyond individual human cajitgbéind thus need multidisciplinary end
users, owners of the problems and developers |tabooate in order to solve them [5, 10].
Forces The set of forces are described by: i).the chgheto provide all the end users with
virtual tools, which are able to support them ireithwork and collaboration and ii).
communication gaps arise in the collaborative desgigcess, since end users with different
cultural and contextual backgrounds use differegstesns of signs, languages and
representations and may have different perceptiengell as different interpretations, even for
the same images [5].

Examples This problem is faced in the design of a systemsuapport a community of
mechanical engineers who come together and coliédan the validation of an artifact [19].
In their collaboration, they use virtual tools whiallow them to annotate domain documents.
These annotations respect a formal, technical itiefin developed over the years on the basis
of the engineers’ experience.

Another example is the design of a system to suppercollaboration of a team of physicians
in establishing a diagnosis [5]. Physicians witfiedent roles (neurologists and radiologists)
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collaborate in performing diagnostic activitiestbe basis of annotating (through virtual tools)
the medical records they are reasoning on.

£ s
SW\

&

KeywordsK= {"enable collaboration’, ‘diversity’, ‘design focollaboration’}.

Solution.The solution is to provide each of the end userslugd in the collaboration with an
instance of the system tailored to his/her own sesdl background. The instance allows each
end user to reason in his/her own system of sigdst@ use his/her preferred digital platform
in the interaction with the system. The systenthisrefore, localizable to the user’'s domain,
role and culture and to the platform in use. A edtnowledge base is made available to all
the end users involved in the collaboration, topsupa common ground of communication
and understanding. The activity of managing thewkadge base is the annotation, which
allows end users to update it by adding commentstoadata in order to highlight its meaning
[6].

In. IN = 7. This is an empty set since it is associatededdp level pattern.

Out OUT = {“Cross-domain collaboratidn “Intra-domain collaboratioh “Cross-culture
collaboratior?, *“Cross-platform collaboratioh *“Guarantee consistenty “Facilitate
maintenance and reu§e

P2: Cross-domain Collaboration.
Problem End users working in different domains and udilifferent systems of signs and

notations need to collaborate in their everydaykwammd must be supported by virtual tools
which enable their collaboration. In their collasion, they bring together different expertise
for the common goal of solving a problem.

ExamplesA possible example of such situation is the desiga system to support architects
or civil engineers who need to collaborate in tketsh of a blueprint. They use virtual tools
able to support their communication, collabora&mad information sharing.

KeywordsK = {'cross-domain collaboration’, ‘different dormred’, ‘cross-domain reasoning’}.
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Solution.Designing systems which support cross-domain cotktion asks for providing each
end user with an instance of a system localizedigther domain and for an overall design
model able to enable the communication among dordapendent systems. The common
ground for cross domain communication consists lmdandary/bridge object language formed
of inter-related boundary objects. Boundary objectsartifacts and can be utilized to support
cross domain collaboration since they are adapttblserve different domains’ needs and
maintain their common identities during the collaimn processes [17]. Boundary objects
may be used by end users to interact with eachr,otkason on each other's work and
exchange them.

P3: Intra-domain Collaboration.
Problem End users working in the same domain, but hadiffgrent roles and backgrounds

need to collaborate in their everyday work and nessupported by virtual tools which enable
their collaboration, communication and informat&raring.

Examples The design of a system to enhance the collalooratif a neurologist and a
radiologist [5] in reaching a common diagnostiaisexample of situation where the problem
described above arises. They both belong to the skomain, but use different tools and ways
of reasoning.

KeywordsK = {'intra-domain collaboration’, ‘different rolés

Solution. Designing systems to enhance intra-domain collalmoraasks for providing each
end user with an instance of a system localizeldligther role in the domain. We argue that
specific role dependent tools should be providedefach end user. Moreover, end users
belonging to the same domain should be supportedainaging a common knowledge base
associated to the domain. The communication amadgusers with various roles is made on
the basis of the common knowledge base and by agotj domain specific boundary
objects.

P4: Cross-culture Collaboration.
Problem End users belonging to different cultures, spagldifferent languages and using

different systems of signs need to be supportetthéir collaborative work by virtual tools
which enable their communication and common reagpriihe same system should address
end users of different cultures, allowing them ¢mne together, understand each other, share
information and collaborate.

Examples An example in this respect is the design of desgsfor a community of tourists
which belong to different cultures and collaboriat¢he creation of a shared knowledge base
related to a geographical region. They use virtoals which allow them to communicate and
share their feedback on their visits and, in thégwenrich the knowledge base.

Keywords K = {‘cross-culture collaboration’, ‘different fguages’, ‘system of signs'’}.

Solution Designing systems which support and enhance -cidgge collaboration asks for
allowing each end user to interact with an instaofca system localized to his/her culture in
terms of language and system of signs. The dedigguch localized systems requires the
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definition of a level of abstraction meant to degaeuthe culture-related properties of the
system, allowing their specification by means afcalized languages and tools.

P5: Cross-platform Collaboration.
Problem End users use different digital platform in iaketing with virtual systems which

support them in their work. They communicate, dwlate and share information through
collaborative systems which may be materializediffierent types of platforms.

ExamplesAn example of such a case is the design of &sysbd support the collaboration of
end users using both laptops and mobile devicdininteraction with the same system.
Keywords K = {*cross-platform’, ‘materialization’}.

Solution Materializing a specific system on a set of ddfg platforms asks for a level of
abstraction which decouples the technical detalisracterizing the platform and the
specification of how these details affect the malieation of the system on that platform.
Specialized languages and tools capture informditierthe platform’s display characteristics,
the memory specification, the description of thguin and output devices. Moreover,
information related to the way the content anditbleavior of the system are rendered on each
platform must be described independently.

4 Towards a Pattern Language

The identification of a set of inter-related desjgatterns leads to the definition of a pattern
language.

Figure 1 depicts an overall definition of the prepd pattern language addressing the design of
collaborative interactive systems. The top levesdigie pattern (Enable collaboratiol) is
refined into the 6 design patterns C(bss-domain collaboratidn *Intra-domain
collaboratior?, “Cross-culture collaboratich “Cross-platform collaboratich “ Guarantee
consistency “ Facilitate maintenance and red3gea subset of which is described in Section 3.
Each of these patterns can be further on refinexlsmaller granularity design patterns. The
lower level patterns represented in Figure 1 aaesified according to the activity dimension
defined in Section 3 (reasoning, communicationa gatring).
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Figure 1 — A pattern language for the design dabalrative interactive systems

The representation of all the relationships idesdiamong the design patterns leads to a graph
representation in which each node may point tat afsether nodes (s&@UT) and in which a
set of nodes may point to a specific node (st

| Datasharing || Communication] 1|

4.1 The Pattern Languagein Use

The use of the pattern language described abadedisated to teams of designers focused on
the design of collaborative interactive systemse Tiitial set of design patterns is meant to
provide a skeleton to support further creationattgrns. Based on their on-the-go experience,
designers contribute to the pattern language, rstpdineir knowledge and wisdom. In this way,
they not only make use of the solutions providedther members of their team, but are also
able to propose new solutions to existing problemsiew problems with their associated
solutions.

The management of the pattern language is suppytélse definition of each design pattern,
offering a template to support understanding armdyeisSeveral operations are made available
to the designers, like:

i). searchingfor design patterns, operation which is suppoigdthe use of the set of
keywords. Searching is needed when, faced withsgdgroblem, a designer is interested in
the solutions provided by its community. The keyigassociated to each design pattern form
a glossary of terms, based on which the searcbingiperformed.

i). browsingthrough the pattern language, which is allowedheygraph representation of the
patterns and their relationships. PLML supportsdbsign patterns representation as nodes of
a graph in which the edges are the representafidheorelationships among the patterns.
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Browsing is highly facilitated by such a represéntg helping designers get an overview of
the design patterns available and the way theyedaited.

iii). modifying existing design patterns @nnotatingtheir description. The definition of a
design pattern is comprised within a document wicah be easily modified according to the
designers’ experience. Moreover, the content daeisgrieach design pattern can be annotated
as answer to any misunderstandings or clarificatiequests within the community.
Annotations support open discussions within the roamnity, allowing each designer to leave
his/her feedback on any edge and/or node of thehgrasociated with the pattern language.
iv). creatingnew design patterns by providing the elementhefdescription listed above. At
each step, any designer may create a new desitgrrpaccording to his/her experience by
filling in the description of the design patterndaby relating it to other already existing
patterns.

5 Conclusions

Communities of interaction designers focusing oa tlesign of collaborative interactive
systems face a set of challenges and open issueimgdrom the diversity of users and
technology. As answer to making designers’ knowéedgd wisdom available within the
community they belong to, a design pattern appréaagnoposed. The paper identifies a set of
design patterns, part of an under development rpatéeguage, which answer the top level
issues in the design of collaborative interactiygtems. The extension of the pattern language
follows an iterative approach in that at any timew design patterns can be added to the
language and linked to already existing patterns.fdfure work, we are focusing on the
development of authoring and browsing tools whidlowa designers and end users to
participate to the creation, management and shafiaglesign pattern knowledge base. These
tools are based on annotation, annotation indexkmpwledge base organization, and
browsing support.
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