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ABSTRACT

When the user interface (Ul) has to be specifigaicture is worth a thousand words, and the wdnisigt

one can do is to attempt writing a natural langusgeification for it. Nevertheless, this practisestill
common, and it is therefore a difficult task to madvom text-based requirements and problem-space
concepts to a final Ul design, and then back agaspecially for the specification of interactivesyl
however, actors must frequently switch between Hagiel descriptions and detailed screens. In our
research we found that advanced Ul specificatitresefore have to be made up of interconnected
artefacts that have distinct levels of abstractiiith regards to the transparency and tracealnlitthe
rationale of the Ul specification, transitions addpendencies must be visual and traversable. We
introduce a model-based Ul specification method thteractively integrates interdisciplinary and
informal modelling languages with different fides of Ul prototyping to an interactive design
rationale. With an innovative experimental tool a&semble models and design to an interactive Ul
specification. With a zoomable user interface (Zbpproach, we can visualize the modelled artefacts
and the overall Ul specification space on desktopputers as well as on megapixel displays.
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1. INTRODUCTION

It is generally accepted by both software praaiie and human-computer interaction (HCI)
specialists that structured approaches are requoreahodel, specify and build interactive
systems with high usability (Metzker and Reiter802). Nevertheless, in many organizations
Ul design is still an accidental byproduct and H@thods are not sufficiently embedded in
the overall process. A lack of communication amaaotprs from different disciplines leads to
misunderstandings and bad design decisions. WHibooative and concurrent development
of design alternatives is hampered, a great peatefai successful Ul designs is not utilized.
This phenomenon can be explained by the fact tlgeaally formal Ul tools and
requirements modelling languages prevent actom ftaking part in designing interactive
systems if they do not have adequate knowledgeedtific terminologies. Moreover, many
tools turn out to be more focused on requiremergeagement than on providing support in
extracting requirements from user and task needstramslating them into good Ul design.
After all, despite - or perhaps precisely becausetbe vast functionality of many tools, the
outcome often is unsatisfactory in terms of Ul dasiusability and aesthetics. This is also
described as the high threshold - low ceiling pme@aon (Campos and Nunes 2004).

1.1 Shortcomings and Change of Current Ul SpecificatiorPractice

During the years 2006 until 2009, we observed Wettgpment practice in the German
automotive industry (Memmel et al. 2007; Memmel &witerer 2008). As a consequence of
the lack of appropriate tools, many actors tendge tools they are familiar with, which has
been well observed by Campos and Nunes (2004).dtitian, we identified different
populations of tool users, which can be assignemivtodifferent main areas of corporate Ul
development projects:

1. Client: Business personnel, marketers, domageris and HCI experts use Office-like
applications such as Word, PowerPoint or Visio douinent user needs and context of use in
order to define the problem-space. They will themslate the needs as analyzed, and their
contextual conditions, into general usage requirdme like task and user models - and
evaluate their work at several quality gates. A$ ttage, responsibility is typically shared
with, or completely passed on to, an IT supplier.

2. Supplier: Actors with a sophisticated IT andwafe engineering (SE) background (e.g.
programmers or designers) translate usage requitsniesto Ul and system requirements,
deliver prototypes and conclude the outcome in apdkification. Working with Ul builders,
and using more formal, precise and standardizedtinas, they narrow the solution space
towards the final Ul.

We found that collaboration and communication iseesial to promote Ul design
decision. But the difference between these grodpsctors and their favorite tools tends to
result in a mixture of formats. This makes it diffit to collaboratively promote concepts and
creative thinking without media disruptions andslag precision (Memmel et al. 2007). The
following negative factors therefore contributedtbspecification and development failure:

1. The lack of a common course of action and the afsinappropriate, incompatible
terminologies and modelling languages (Zave andsiac 1997) that prevent even the
minimum levels of transparency, traceability anduieements-visualization necessary for
successful collaborative design.
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2. The difficulty in switching between abstract atetailed requirement models as well as
Ul designs due to a lack of interconnectivity (camg@Campos and Nunes 2006).

3. The difficulty of traveling from problem spaceequirements) to solution space (Ul
design), a difficulty that turns the overall Ul @édapment into a black-box process.

4. The lack of support in visualization and sharirigcomplex networks of requirements
and modelling artefacts in creative environmen&sy@ and Holtzblatt 1997). Insufficient (i.e.
static, non-interactive) means of communication aodperation lead to misunderstandings
and wrong design decisions.

5. The burial of critical requirement informatiam documents that are difficult to browse
and have very awkward traceability. The resultinggamnceptions lead to costly change
requests and iterations, which torpedo budgetdiaraframes and endanger project goals.

6. The lack of feedback support in Ul tools and-equirements modelling practice. To
achieve a comprehensive design rationale all dewsand feedback on design alternatives
have to be recorded for future reference.

Furthermore, in our research for Porsche AG andnizai AG we found the following
developments that tend to change common Ul spatiific processes in large organizations
(Memmel et al. 2007):

1. Due to the strategic impact of many softwaredpots, clients seek to increase their Ul-
related competency in order to reflect corporataasby high Ul quality.

2. Whereas conceptual modelling, prototyping olation have always been undertaken
by suppliers, the client himself now wants to warkhe solution space and needs to develop
the specification in-house.

3. Actors want to establish a common understandimgut the Ul they have to specify.
Design decisions and tradeoffs as well as the aegtenthat led to those decisions must be
recorded in order to make the process transpanehtraceable. Promoting creativity becomes
a main objective during the collaborative spectfmaof Uls with high usability.

4. To gain flexibility in choosing his suppliersetrole of the supplier becomes limited to
programming the final system. The client gainsnaetable advantage from this change and,
by having an in-house competency in Ul-relateddspihe client becomes more independent
and can avoid costly and time-consuming iteratisitls external suppliers.

1.2 Requirements for Adequate Tool Support

The shortcomings and drawbacks of the prior deedrilork practice may be addressed by an
integrating tool that allows the comprehensive gtation of needs into requirements and
subsequently into good Ul design. All artefactslddae incorporated in a design rationale, out
of which the interactive specification is being lbult is also essential to allow actors to

discuss conceptual designs, to make decisions andomsider tradeoffs. Therefore, an

adequate tool must also provide means to suppbabcwative work during creative meetings

and review sessions. Table 1 shows an overviewetgvant tool requirements that gave

direction to our approach.
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Table 1. Requirements for Ul tools for interactiviespecification (outline from Memmel and Reiterer
2008)

Tool Requirement Added Value

Concentration on a specific (agile) subset of maugllProvide support for design assistance and crettinking for

artefacts, allowing actors from different disciglinto everybody; all actors can proactively take pathiz Ul

use familiar notations and models that best leveerag specification process

collaboration

Visualization and interaction concepts that keep  Bridge differences in work practice among discipdine

artefacts accessible and support interdisciplinary  Eliminate diversity of formats, promote tracealyitind

cooperation; representation of common problem  accessibility for meetings

and solution space

Sharing of workspaces and feedback between actofBacilitate communication and decision making; pdevi

and teams; support actors during creative sessions overview over design process and status; allow comm
perception of design rationale

In this article we present both a set of models a@andorresponding tool named
INSPECTOR, which are designed to support interdis@ry teams in gathering user needs
and task information, translating these into Uktetl requirements, designing prototypes of
different fidelity and compiling the resulting adets to an interactive Ul specification. The
term interactive refers to the concept of making process visually externalizable to the
greatest extent possible. Being interactively cotedy all of the ingredients result in a
compilation of information items that are necesstryspecify the Ul. In Section 2 our
research is linked to related work. Section 3 fppsesents the common denominator in
modelling that we developed. Thereafter followsetaded explanation on how INSPECTOR
will utilize the resulting interconnected hierarcloy notations to allow interdisciplinary,
collaborative work. We then illustrate how Ul desgcan be created and exported in
machine-readable formats such as XAML (www.micrasofm). Section 4 shows how
INSPECTOR is applied as a collaborative specifizatiool on a megapixel display. The
results of two evaluation studies are presentefieiction 5. Within Section 6 we present an
outlook on future work that will built upon the bagprinciples of our approach. The paper
ends in Section 7 with a summary and an outlook.

2. RELATED WORK

Campos and Nunes (2004) presented the tools CantoiSknd TaskSketch. CanonSketch
supports abstract Ul prototyping and is based erctmcept of canonical abstract prototyping.
In contrast to CanonSketch, we also support detaileprototyping because we found that the
high-fidelity externalization of design vision ispecially important in corporate Ul design
processes. TaskSketch also supports collaborativdeling, but focuses on linking and
tracing use cases, by means of which it signifiyafscilitates development tasks with an
essential use-case notation. It provides threelsgnized views: the participatory view uses a
post-it notation to support communication with erskr and clients - the task-case view is
targeted towards designers and is a digital versfandex cards; the UML activity diagram
view is adequate for software engineers. Both ttwsefore share some basic concepts with
our approach, using our proposed set of models henvéhe actors are able to choose from a
wider range of means of expression, both on a metailed level and on some levels that are
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more abstract than essential use-cases. Accorditiget CAMELEON reference framework

(Calvary et al. 2003), we considered different fayfer tasks and concepts, abstract Ul design,
detailed Ul design, and the final Ul. For the atlion of an electronic whiteboard metaphor
as well as for visualization concepts for our Uédfication space, we were inspired by the
tool DAMASK (Lin and Landay 2002). It uses a ZUlpmpach for switching between

different levels of Ul detail through a visual ¢hdown process. A ZUI-based whiteboard also
very well fits the idea of electronic whiteboardlaboration as suggested by Dix et al. (2003).

3. INSPECTOR: INTERDISCIPLINARY SPEC IFICATION
TOOL

Modelling Ul requirements and creating Ul specificas is a highly interdisciplinary process
in the industry. Actors from different disciplindswe to contribute their ideas and need to
externalize their vision. But it is difficult fohem to recognize the meaning of unfamiliar
models outside the scope of their discipline. With& shared understanding, creative thinking
is limited and promoting design decisions is diffic For our specification tool, called
INSPECTOR, we followed a 3-step approach to deaigadequate tool.

Firstly, we analyzed the characteristics and dis@p of all actors in the supply chain (see
Section 1) to identify chance for better cooperati?vith a discipline-specific point of view,
the project population can be classified into thregn groups: specialists for business process
modelling (BPM) are engaged for the analysis, cptica, and development of information
systems as well as the corresponding business ggaeengineering (Malhotra 1998). HCI
experts are employed for dealing with the Ul desighile SE professionals are concerned
with background events and changes of states witiénsystem. On the one hand, the
currently dominating Office-like artefacts are eafy understand, but ambiguous and
insufficient for expressing behavioral aspects ofiateractive Ul. On the other hand, the
Unified Modelling Language (UML) is as well inapjpriate, because its formal patterns are
not understood by all actors. We therefore develope common denominator of Ul
requirement models (Memmel and Reiterer 2008). Withoughtfully selected and reduced
set of hierarchically classified models, we careeth® application of adequate Ul modelling
languages (see Section 3.1ff).

Secondly, we searched for adequate means to vdsuile corresponding models and to
allow collaborative access to all items in the péafication. We argue that keeping created
artefacts visible to all actors enhances creatidtipports communication, makes it easier to
achieve a common design vision and leads to fakiteision making (Beyer and Holtzblatt
1997). Our observation of work practice in the auttive industry revealed that whiteboards
are familiar to all actors and enhance creativitydrilitating informal sketching methods. We
therefore decided that an innovative Ul specifmatiool can best address the demand for a
creative environment by incorporating an electroniciteboard metaphor. An electronic
whiteboard allows the creation of rich content sashtext, pictures, diagrams or even videos
and can be displayed with different scales (se¢id®ed). Moreover, created artefacts can be
saved easily and contribute to the safe-keepinthefdesign rationale. Because all design
artefacts must be permanently accessible to enhanceability, promote transparency, ease
view transformations and allow collaboration (Beward Holtzblatt 1997), all artefacts are
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consequently arranged on one single canvas. Viskal and references between them enable
a roundtrip-engineering between problem- and sahdsipace.

Thirdly, we decided to employ a ZUI to implement tivhiteboard metaphor for our
experimental tool. The overall interaction can bepared with moving in different directions
in front of a large whiteboard, plus stepping béarkoverview or getting closer for the detalils.
We want to provide users with a feeling of divingoi the information space of the Ul
specification artefacts and therefore composedtatina of graphical objects that represents
different levels of abstraction within our modegjitnierarchy (Memmel and Reiterer 2008).
The latter can be presented and navigated top-dowiottom-up, which is very well
supported by ZUIs (Pook et al. 2000). Altogethere tappearance of INSPECTOR's
whiteboard is based on a linear scaling of objégeometric zooming) and on displaying
information in a way that is dependent on the soélthe objects (semantic zooming) (Ware
2004). Automatic zooming organizes selected objectthe whiteboard to support the user in
exploring the topology of the information space andunderstanding relationships. For
switching between abstractions within and in-betwemdels and Ul designs, the user can
manually zoom in and out or pan the canvas. Dumngdelling, or while traversing
relationships by panning and zooming, hints abbet durrent zoom factor and the current
position in the information space are given in oteavoid disorientation. A common way of
supporting the user’s cognitive (i.e. spatial) napthe information space is an overview
window (see Fig. 2). In addition, INSPECTOR prowdetree structure control as navigation
support, which allows zooming into areas far rendofr®m the current focus and helps to
understand the hierarchy of artefacts. The creatiod manipulation of artefacts on the
whiteboard is facilitated by direct manipulationthmeds such as drag & drop. This interaction
style is suitable for creating all required modaels, it is easy to use, straightforward and
consistent throughout all levels of interaction. dreate specification artefacts, the user will
simply drag & drop graphical objects (i.e. shapedJb widgets) from a context-sensitive
toolbox onto the whiteboard. By zooming into crelasbapes with a double-click (automated
zoom) or by complementary scrolling and panningrapens (smooth zooming) with the
mouse-wheel, the user will drill-down into the laiethically arranged specification space.
Every artefact will provide its means for manipidat once a certain zoom-level has been
reached (semantic zoom). The ZUI provides infisiteeen space for an extensive number of
Ul specification artefacts, it is therefore suifedface-to-face collaboration in meeting rooms
and unleashes its real potential on large screéths high resolutions (see Section 5). This
way multiple actors can view and discuss the desfate, with its artefacts and relations at
the same time. Zooming into artefacts allows foogigor discussion and feedback.

In the following, we present the different layefsour ZUI-based specification tool by
guiding through a level-wise explanation of a Da@ndase study.

3.1 Scenario Map: Text-Based Notations of Needs and
Requirements

As an interdisciplinary modelling language, reshagggests scenarios (Barbosa and de Paula
2003). Starting up INSPECTOR, the user first creadescenario map which shows all
scenarios that will be modelled (see Fig. 1, le@n the one hand, the map consists of
information bubbles which describe the problem aden(see Fig. 1, right). Therefore,
INSPECTOR provides a build-in text editor with aating templates and also enables the
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direct integration of existing requirement docunseas Microsoft Word documents or PDF
files into its repository. On the other hand, tiser can zoom into the scenario containers in
order to access the storyboard layer, at whichsitenario is worked out with graphical
requirement notations and Ul designs.

Q%/ Problem Scenar\ .:

-- Integrated Documet

Scenario Container

g

Figure 1. Scenario map as entry stage to the nmindgitocess (left); scenario info-bubble (right)

3.2 Storyboard Layer: Associating Models with Ul Design

For the storyboard layer we decided to keep theaypJl storyboard notation we know from
HCI (Beyer and Holtzblatt 1997). At this zoom-levitle user is offered artefacts that support
the process of translating needs into requiremants also into Ul design. The storyboard
serves as interface layer between needs, requitenfodels) and the associated Ul design
(pages). Actors will create and connect containessich group a set of models or page
designs (i.e. Ul states). By arranging and conngctseveral page containers on the
whiteboard, a Ul storyboard which represents thdodiflow is created (see Fig. 2) Actors can
describe the requirements related to pages by zapimto the model containers (see Section
3.3), whereas zooming into page containers enablesodel the different Ul states at the
design-layer (Section 3.4).
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Figure 2. Storyboard layer with Ul design and medeiagnified area shows abstract Ul design
prototype (bottom right) and task (use-case) map iight); overview panel (right)

3.3Modelling Layer: User, Task, And Interaction Modelling
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Figure 3. Use-Case Diagram (left); Activity Diagrémght)

The modelling-layer offers containers to describers, tasks and interactions with textual and
graphical notations. For describing users and the@ds, HCI recognizes user profiles, (user)
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scenarios (Rosson and Carroll 2002), role modetmg@ntine and Lockwood 1999), and
personas (Beyer and Holtzblatt 1997). Roles anglgers are also known in SE and BPM and
are therefore appropriate for initial user-needsdeliing. Role maps (Constantine and
Lockwood 1999) help to relate user roles to eadiermtand personas provide means to
understand future users. Although different in natask cases (HCI), essential-use cases
(SE), and business-use cases (BPM) can all be gsqatdén a classical use-case notation that
models tasks and requirements (see Fig. 3, lefgreblver, use-case diagrams (SE, BE)
overlap with use-case and task maps (HCI). Linkimg actor shape to personas enables a
zoom-in from the use case diagram to the correspgmersona. Similarly, each case shape
can be linked to e.g. an essential use case dgsorifhen, the zoom-in on the case shape
navigates the user to a detailed description of usgention and system responsibility
according to the use case. We also included agtdisgrams (see Fig. 3, right) which are
typically used for business-process modelling, fardelling the logic captured by a single
use-case or usage scenario, or for modelling thedlele logic of a business rule. They are the
object-oriented equivalent of flow charts and daar diagrams. Data-flow diagrams model
the flow of data through the interactive system iivigel and Reiterer 2008). They are more
formal than the models HCI experts are usually fiamivith, but they therefore extend the
expert's competency in interdisciplinary modelling.

3.4 Design Layer: Abstract Prototyping and Detailed Lok and Feel
Specification

By drilling down to the design layer the user iseaio create Ul designs within INSPECTOR,
which will be used for iterative or alternative tdetsigns. This allows designing and evaluating
the Ul at early stages while supporting traceabitietween requirements and design. The
design layer within INSPECTOR provides a wide raafjprototyping tools from low-fidelity
methods like sketching, drawing and simple shapgesmedium-fidelity methods, like
wireframes or placeholders and canonical compon@udsstantine and Lockwood 1999), to
high-fidelity widgets like common Ul controls (Batts, Checkboxes, etc.), images and
embedded objects such as Flash (www.adobe.com)Higeet, left). Ul elements are then
locally linked to other Ul states within the stoogrd layer (see Fig. 2) to allow navigation
within a prototypical simulation, which serves d® texecutable, interactive part of Ul
specification and makes the package complete. Hrera on, the actor can later explore,
create and change models by zooming back to thevamet area of the Ul specification.
Moreover, programmers can pop-up the interactiveptditotype to get guidance on the
required Ul properties. An interactive simulatioancbe created once all Ul states on the
storyboard are properly linked and contain at least Ul design version. When exported into
the XAML format, it is possible to execute a prgfm of the Ul in a web browser such as
Microsoft Internet Explorer. The XAML export alstlaavs a reusability of the specified Uls
with GUI builders such as Microsoft Expression Rlgsee Fig. 4, right).
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Figure 4. INSPECTOR-made hi-fi Ul design (left) indwsoft Expression Blend (right)

4. COLLABORATIVE Ul SPECIFICATION AT THE
POWERWALL

In meeting or decision room set-ups, INSPECTOR a#hsupporting collaboration and
decision making. Users can cooperatively work ayuirement models or Ul designs during
brainstorming sessions. Utilized as electronic eldiard, INSPECTOR records all created
artefacts in a structured manner. Actors can a$ wetk asynchronously using their own
workspace e.g. on a desktop installation. Modelefacts are then exported into XML
documents and re-imported into a shared workspab&h resembles the common design
rationale. First experimental setups with our higbelution powerwall installation (4640 x
1920 pixels) allowed a comprehensive view on ouwmzable specification space (see Fig. 5).
This high resolution display fosters our ZUI apmiody allowing to displaying a wide range
of artefacts and relations (overview) to all actduaser pointer interaction, which was as well
developed in our work group (Kénig et al. 2007)aleles easy-to-use cooperative interaction
style. Through point and click operations actorplese and manipulate the Ul specification
space.
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Figure 5. Utilizing INSPECTOR for collaborative meets at a megapixglowerwallwith laser pointer
interaction
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5. EXPERT FEEDBACK AND USABILITY STUDY

5.1 Expert Interviews

We interviewed software and Ul specification exp€n=6) in a questionnaire-based usability
study. The participants were introduced to INSPE&Tthrough a short demonstration, a
video and a supplementary text explaining the naditim for our approach. Each expert was
provided with an installation of the tool and hagtweeks to return their feedback by means
of a questionnaire that was divided into 5 parts.

The first part was designed to (1) identify thddief activities of every respondent, (2) get
an overview of the models and tools typically apgliand (3) get an assessment of difficulties
along the supply chain. The second to fourth pasted about INSPECTOR in terms of (1)
the applicability of the modelling notations, (Retcompleteness of the Ul design capabilities
and their practicability for Ul evaluation, and (B assessment of the tool’'s general usability
and the user experience provided. The fifth pakedsif INSPECTOR could, in general,
improve the Ul specification practice.

With regards to the results of our survey (see &&})| all respondents have stated that
INSPECTOR, as a tool that combines models with €$iBn, contributes great value to their
work style (average 4.83 pts; on a 5-point Likerale). The added value was particularly
identified in terms of an increased coherence ofdei® and design artefacts, whereby
INSPECTOR enhances traceability and transparencien Ethe very early version of
INSPECTOR was therefore already expected to be tablmprove existing Ul specification
practice (average 3.83 pts). The participants of #iudy were quite satisfied with
INSPECTOR's support for text-based and graphicalirements modelling (average 3.79
pts).

Nevertheless, the feedback pointed to the neceésitya better linking functionality
between the modelling artefacts. Some expertsdstiiat while creating a Ul design, the
interaction with INSPECTOR could be enhanced byamatextual layer. This could give the
expert the chance to easily cross-check the dewigim underlying models. Instead of
frequently jumping back and forth on the canvass ithen possible to temporarily visualize
models and Ul concurrently. Consequently, we im@etad a visualization that highlights all
outgoing and incoming links of a model in ordeetthance traceability.

73



IADIS International Journal on WWW/Internet

Table 2. Overview on feedback; average points basetl5-point Likert scale

Questionnaire topic Avg.
Ability to integrate documents and logic with INSPEOR 3.66
Opportunity to capture conceptual and schematiasde 3.83
Support for user, task and interaction modelling 4.00
Link models and thereby increase the traceabitity ansparency 3.66
Text-based and graphical requirements modelling (agegated) 3.79
Accessibility of the prototyping features 3.16
Functionality provided at the Ul design layer 3.40
Applicability of the Ul designs for usability evaltions 3.33
Possibility to link Ul designs in order to creatsimulation 3.25
Overall Ul prototyping capabilities (aggregated) 3.28
Opportunity to get both overview and detail on $pecification space 3.33
Helpfulness of the zoom-interaction style duringtptyping and modelling 3.00
Support for switching between created artefacts 3.50
Accessibility of all necessary information on tleom canvas 3.50
Overall rating of the interaction with INSPECTOR (aggregated) 3.33
Overall contribution of INSPECTOR to existing Ul spedfication practice 3.83

Improvement of work style through a combination ofdifferent models with multi-fidelity Ul design 4.83

Due to the experimental stage of INSPECTOR'’s desigd prototyping facilities, the
experts missed some important features such aenm@snhponents and templates. These are
needed to allow for rapid prototyping and quickg@nchanges. In addition to a copy & paste
mechanism that was required for the Ul design layertherefore also implemented support
for grouping Ul elements and storing them in a tieeprepository. In order to improve the
utility of INSPECTOR during usability evaluation$ modelling and design artefacts, we also
developed an annotation component. During meetidgsussions and feedback sessions,
sticky notes can be attached to all artefacts @n gpecification canvas. This allows the
recording of feedback and design decisions forr latensideration during subsequent
specification tasks. The notes can be accessedpneadsheet component that allows sorting
and filtering, as well as jump navigation towarderh.

5.2 Long-term diary study

Other usability issues concerned the general ictierawith the tool and were similar to those
found during a diary study. As proposed by Rossod @arroll (2002) we used diaries to
evaluate the long-term usability of INSPECTOR. Weréfore used INSPECTOR during an
interaction design lecture. Three groups of compatéence and HCI students (n=8) were
asked to use the tool during a use-case study emsghcification of rear-seat entertainment
systems.

For a period of three weeks, all students wroté then diary to give insight into (1) the
kind of models created, (2) additional tools tharevapplied, (3) problems that occurred, (4)
ratings of the user experience, (5) general isamésopinions about the tool. We decided on
the diary study in order to evaluate INSPECTOR avdonger period of time. Because we
were interested in how the empirical results chanile the duration and intensity of usage,
we preferred a long-term study to classical usghidéists. In weekly workshops, we discussed
the intermediary results and recorded the issuesutosequent correction.
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By means of the diary study, we found, for exampat objects on the ZUI canvas
occasionally behaved inconsistently after the wa$ used for several hours and an extended
amount of zoom operations had been performed. Bts@dso reported issues with integrated
external documents (PDF, Word, etc.), when thege vwapeatedly saved and opened. This led
to a disarrangement of the XML structure in saveglget files and significantly prevented a
fluent and enduring work style. To have identifitedse problems in a much shorter lab-based
usability study would have been pure chance. Thémkise diary study, we were able to solve
these issues quickly.

Moreover, we found that some participants prefetoedreate the first abstract prototypes
initially with paper and pencil. We realized thhetuse of the built-in sketching mechanism
increased as soon as we provided a pen tablet egpaindevice. In addition, it proved to be
very difficult to rapidly prototype Uls with poirgnd click interaction on the canvas. We will
therefore evaluate different pen tablet technoldgi@t we could permanently combine with
INSPECTOR. This will significantly increase the &pation performance during design
sessions. In addition, students were initially ooinfortable with all the notations provided
and required assistance on their proper applicatém addressed this issue by making a start
on including a help feature that explains notatiasswell as their scope of application. In
addition, we enhanced the affordance of templabespérsonas or essential-use cases, for
example, to ease the understanding of the artefacts

Ultimately, the diary study and the upgrades resulh an improvement of the feedback
on the tool usability. Rated with an average obptg (std. 0.46) (on a 5-point Likert scale)
after the first week and 3pts (std. 0.00) after sheond, participants assessed INSPECTOR
with an average of 4.25pts (std. 0.46) at the entthe study. A repeated-measure ANOVA
revealed a significant main effect for the ratirgoss the weeks (F(2,14)=105.00, p<0.001).
Furthermore the differences between each weeklsoevary significant statistically (week 1
vs. week 2: F(1,7)=58.33, p<0.001; week 2 vs. wzdk(1,7)=58.33, p<0.001). The according
inter-rater agreement was assessed by calculdimgntraclass correlation. This revealed a
significant correlation of 0.99 (p=0.000), indicagia high homogeneity in subjects’ ratings of
the system across the three weeks.

6. LESSONS LEARNED AND FUTURE WORK

Based on the long-term experiences we made durgsigd and evaluation of our novel
approach to Ul specification, we will continue toprove the basic concept of INSPECTOR.
Therefore, we decided to focus on three dimensibasemerged from observations of tool
use and social activities within successful Ul #iigation. These three dimensions (see Table
3) emphasize on the physical, social and cognfticeors of collaborative design that were not
fully addressed by our tool.
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Table 3. Three dimensions of investigation withitufe work

Dimension Description

Simulation Informal methods of simulating interaetbehavior of Uls and Ul components as a mixture
between sketching and prototyping; integrate cohmgasive modelling features combined with
Ul simulation

Creativity Provide multiple input modalities, muttisplay visualizations, analysis features, recaya@ind

replaying of the design rationale; provide meamdléod annotations, version and change
management for iterative and alternative designs

Collaboration Support for social interactions, ioyed accessibility of design artefacts, reuse &rinal
design knowledge in design teams; investigate ugefwpware functionality and combinations
with physical design artifacts

1. While the focus of our tool design was on degldtomputing, we found that many tasks
and design activities could be better supported dffythe desktop technologies and
collaborative display settings. For example, Skietths more efficient with dedicated pen
tablets, tablet PCs or digital paper. Discussiond #eedback sessions may benefit from
multiple display environments that allow displayiagmore extensive number of design
artefacts and may better support detail and conte#s on the specification space. For
collaborative group work, interactive whiteboarasl anulti-touch tabletops may encourage a
more equal participation and facilitate simultare@ecess to artefacts in the specification
space.

2. We found that designers tend to switch betwefferdnt settings and devices frequently
depending on the current design activity or procgage. Additionally, transitions of work-
style are imposed by informal or more formal cotgetools and artefacts. Fluent switching
between tasks like creating, reflecting and presgrare common patterns during all process
steps that need to be addressed by the overallspack design and more efficient navigation
techniques.

3. While private workspaces are preferred for ideatactivities by individuals,
brainstorming sessions require dyadic or group scte the workspace. Since our tool only
supports synchronizing the specification spacenygorting XML data, a shared workspace
system may provide a more efficient coordination gnpbup work and individual work.
Therefore, in order to reduce production blockingegam sessions, access to the specification
space should be also be enabled from multiple de\dt the same time.

4. We observed that physical artifacts like pafpetches and lists of requirements written
on paper still play an important role in individuaflection and collaborative activities. Their
unique affordances allow gesturing, juxtaposing andotating in a simple manner that is
hard to achieve with desktop-based design toolsveder, multi-touch interaction, tangible
design objects and pen-centric Uls may be capdhieppoducing some of the affordances of
physical artifacts and could make INSPECTOR'’s desémmd modelling artefacts more
tangible.

These new emerging requirements demand for fund@ingmanges to the overall concept
and technical infrastructure. Therefore we decidgalinst a quick redesign but to build a new
tool from the ground up that is based on reviseglirements and a novel infrastructure. We
follow the basic design principles described in {&eand Reiterer 2010) for the new tool
design. For both the tool design and infrastructuwe were inspired by concepts like
ubiquitous computing (Weiser 1991), reality-basederaction (Jacob et al. 2008) and
embodied interaction (Dourish 2001) as well asch fhody of related work like i-LAND
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(Streitz et al. 1999), The Designer's Outpost (Kiean et al. 2001) or TEAM STORM
(Hailpern et al. 2007).

Figure 6. Computation-augmented design studionggttith interactive tabletops, whiteboards
and digital pen & paper technology

Our new technical infrastructure is situated incmnputation-augmented design studio
setting (see Figure 6, left) which features seviemrgle, high-resolution interactive displays in
the form of two multi-touch tabletops and threesiattive whiteboards with pen and touch
interaction. For individual work, we integrated gjnéc tablets and tablet PCs as well as digital
pen & paper technology (see Figure 6, right) fromo#d (www.anoto.com) which allows
integrating physical paper into our design artefaotkspace. Artefacts can be printed from
the workspace directly to a printer. The automdticapplied dot pattern on the paper
printouts allows annotating physical artefacts vétactronic pens. The annotations on paper
are seamlessly transferred to the electronic atsifan the shared workspace. By offering the
ability to use simple pen and paper we lower theléuo of participation for informal design
activities. Because the number of pens is virtualimited, a large number of actors may
create and revise content at the same time. Thelbtechnical infrastructure is supported by
the “Squidy” input device library (Konig et al. 20land the ZOIL zoomable user interface
framework (Jetter et al. 2008) which are both alsweloped within our workgroup. These
technologies allow designing consistent Uls thatkaan several platforms and display sizes
while abstracting input devices and modalities, althare key requirements for ubiquitous
computing environments.

As a first step, we implemented a shared worksghat displays a variety of design
artefacts on a zoomable canvas that is accessibte rhultiple devices at the same time. The
view on the artefacts and their contents are symihed over a central database which is used
to facilitate group work and serves as the cerdeign artefact repository. We currently
design and implement components that represengrdesid modelling artefacts and support
manipulations like scaling, spatial positioning amhotation. The overall workspace will be
designed in a way that closely resembles physicadtice. Therefore, physical affordances
will be imitated by multi-touch interaction whereogsible. Our next step will focus on
designing dedicated interface components for skejchnd prototyping of Uls as well as
collaborative ideation techniques that integratdwur workspace design.
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7. SUMMARY AND CONCLUSION

Based on our observations and experience in Ulifspat@on and design, we have come to the
conclusion that the typical methods and tools abéd are not adequate. Ul tools must support
not only the “hard” aspects, but also the “softpests of Ul development to support the
delivery of usable systems in the future (CampabkMuanes 2006). These include support for
collaboration, creativity and improvisation. We fised our research on actors in charge of the
conceptualization, and particularly the specifizatiof innovative Uls with high usability.
With our experimental tool-design, actors are suggabin applying informal models, and are
given the opportunity of Ul prototyping with diffent fidelities. Being logically linked,
transitions from abstract to detailed artefactsdase the transparency of design decisions and
enhance the traceability of dependencies. This angg communication, consistency, and
lastly, the necessary understanding of the overalblem space. Based on a ZUI approach,
our INSPECTOR tool integrates and innovatively iocbmnects the required artefacts in a
visual Ul design rationale that can be interactivekperienced. First evaluation studies
pointed out to the procreative contribution of @pproach. We will therefore continue to
follow our basic approach with a revised techniodlastructure and an additional focus on
the physical, social and cognitive factors of dodieative design. By integrating emerging
requirements for ubiquitous computing environmeantsl by making design artefacts more
tangible, we want to enhance HCI processes witmaovative and fully capable alternative
for the tool-landscape we found in industrial picet
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