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ABSTRACT [28] has been established as a common standard for designing and
Visual representations afodelink diagramsare veryimportant modeling software systemsin many situationsUML diagrams

for the software development proceds many situationdarge can become large with hundreds of nodes and edigeover,
diagramshave to be explored whereby diagram elements of within one dlagra_mhere can _be different elements with aiegr
interest areoften clipped from the viewport and are therefore not ©Of Properties.During the design and development process these
visible. Thus, m stateof-theart modeling toolsnavigation is  diagrams have to be explored, created from scratuhproperties
accompaniedby time consuming panning and zoomin@ne have to be added or changed. In many situations these activities
solution to this problem areff-screen visualization techniques. '€ @ccomplishedn a manual wayby developers and sofare
Usually, they indicate the existence and direction of clipped designers

elements by overlays at the border of th@wport In this paper  |n this work we focus oML classdiagramsas an application

we c_ontrlbute the a_ppllcatlon_ of _of'f-scre_en visualization example. @ass diagram are most widely applied [7] [39] and
technigus to the domain of nodknk diagramsin general and to  feature all the aforementioned characterisfidsere are dferent

UML class diagamsin particular. Thebasic ideaf ourapproach  types ofnodessuch as classes aiderfacesand different types of

is to represent ofscreen nodeby proxy elements located within  edges such amssociations, generalizatiorend aggregations

an interactive baler regionaround the viewportThe proxies These elementgossess variety of properties such as labels and
show information of the associated -effreen nodes and can be mytiplicities whichhave to be setr changed

used to quickl navigate to the respective nodieyond thatwe
contribute techniques which preserve the routing of edges duringDuring the editing processisers need to navigate within the
panning and zooming and present strategies to make our approacfliggram. They must be able to focus on a particular node or to
scalable to large diagraméle conducted a formativeilot study move to a certain part of thliagram. Basically, navigatiocan
of our firs prototype. Based on the observations made during thetake place in two ways. On the one handfamiliar diagrams
evaluation, we came to suggestions how particular techniquesusers oe nt t hemsel ves i rsimilar to'ngapogr ap
should be combinedrinally, we rana userevaluationto compare ~ Navigation This meanshat they know for example thepatial
our technique with a traditional zoom+pan interfackee Fesults ~ Position of aclass, the routing of an edge thedirectionwherea
showed tha our approach is Significanﬂy faster for exp|oring parti(l.llar classis located This information is applled to perform
relationships within diagrams than stafiethe-art interfacesWe navigation On the other handnowledge abouthe diagram
also found that the ofcreen visualization combined with an topology and structure can be applied for navigationFor
additional overview window did not improve the orientation example,users often know which nodes are connectekiich
within an unknavn diagram.However, an overvievshould be classes belong to an inheritance hierarehyhich class is at the
offeredas a cognitive support top of a hierarchyThe actual spatial location dfagramelements

or the concrete edge routinig less important in this case
CR Categories:D.2.2 [Software Engineering]: Design Tools and However contextual information such as properties of
Techniques- User Interface H.5.2 [Information Interfaces and  relationships(e.g., their typeslabelsor multiplicities) and types
Presentation]: User InterfacesGraphical User Interfaes of connected nodes rauibe availablavhen navigation based on

General Terms: Design, Human Factors this knowledge should be supported

Usually, stateof-the-art modeling tools (e.g[,17] [24][40]) only
support the map navigah approach. They offer a smlled
overview+detail interface. The viewport shows details and is
navigated by manual zooming and panning. In addition, a separate
1. INTRODUCTION window shows the whole information space in miniature to
Visual representations ofnodelink diagrams playa very provide an overviewWe].

important role innearly all phases of theoftware development

process. They are used to design the architectusgstéms, and

they are applied to understand and communicate probigms

Over the last 15 years the Unified Modeling Language (UML)
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Figure 1. Principle of our solution: The viewport of our UML
class diagram editorwith off -screen visualizéion (center).
Classe<clipped from the viewport (shown outside in gray)are
represented by proxy elements located within the interactive
border region.

However, for large diagrams the overview visualization becomes
very small and unrelable, which is hardly helpful. Beyond that,
when zoomed in on a particular element, other elements move off
screenwhich nmeans they are clipped from the viewpdrhey are

not visible anymore and can only be reached by cusobge and
time consuming panning and zooming. Fexample the class
diagram depicted inFigure 1 consists of 51 classeShree
particular classes are zoomed irb®able taead their properties

all othess are clipped.Thus, important contextual information
such as whicloff-screen nodesre connected withthe visible
nodes orthe types of relationships leadirtg off-screennodesis

not visible.

To overcome this problepfocusicontext techniques have been
developed Overview and detailviews are no longer spatially
separated, but integrated into a single viewjgyt Thereby, the
content of the foesed region is displayed in detailt is
surrounded by the contewhich is shown less detailed, according
to a degree of interest function (DO[L4]. Often the context
information is distortedn a geometricway [35], for example by
applyinga fisheye visualizatiarin that way, all information is en
screen However, distortion can make the accesand
comprehensionof the contextdifficult. Moreover, traditional
focus+context techniques providi¢tle or noinformation about
diagram structures and topologies

In this papelwhich is an extended version of our work presented
in [11]) we investigate offcreen visualizatiotechniquesfor
nodelink diagrams Such techniges provide cuesoncerning

promising technique to improve diagram navigation as eamedl
extend it for this domainOur approachoffers a zoomable user
interfacecombined with a contextual view displayitdf-screen
nodesby means ofproxy elementsThese elements are arranged
within an interactive border region of thieewport (seeFigurel).
Theyoffer spatialinformation as well astructuraland topological
information about elements currently clippéelg., the type of
clipped nodes or thenembers of a hierarchy locatedsafreei.
Furthermore, proxy elements serve as links providing automatic
navigation tothe associated cficreen nodeln that way, our
technique supports both, map oriented navigation and navigation
based orthediagramstructure

In this research wecontribute how off-screen visualization
technique can be applied to nodik diagrams ingeneral and to
UML class diagrams in particulatVe discuss the respective
design space of the approach concerning visualization and
interactiontechniqguesMore precisely, @ contribute techniques
which preserve the routing of edg#isring panning and zoning
and presentstrategies to make our approach scalableldoge
nodelink diagrams. This comprises filtering and clusteriofy
proxy elementsiot only according to geometritules but also to
rules based on the structure of a diagrawie implemented a
prototype for navigating and editing selected subset &fML
class diagramsThis application was used to condueto user
studies In a formative pilot study we collectedservationsand
commentsfrom participants These resultded to suggestions
which concrete techniques of thdesign space should be
combined and were used to improve our prototype. In the second
study we compared the performancef the offscreen
visualization to a statef-theart zoom+pan interface with
overview. The results showedhat participants performed
significantly faster using our techniqfer given navigation tasks
Furthermore, we found that the @ffreen visualization combined
with an additional overview window did not improve the
orientation within an unknown diagrantlowever, our results
indicate that participants perceived an overviewad=eneficial
cognitive support

The maper is structured as follows: Sectionpgesents related
work. In Section 3we give an overview of our approacland
discuss particular challengesAfter that, visualization and
interaction techniques are presented in detail in Section 4 and 5.
Section 6 describesur prototype for editingand navigating class
diagrams Theformativepilot evaluation and the comparative user
study aredescribed in &ction 7and Section 8Finally, we give a
conclusionandan outline offuture work

2. RELATED WORK

There are several approaches to support uisaravigation tasks
for huge information spaces such asdelink diagrams.In
general, these approaches comgrizoanable user interfaces,
overview+detail and focuscontext techniques. A comprehensive
overview of these kinds of interfaces is given by Cockburn et al.
[6]. In the following sections we will discuss their application to
thedomain of noddink diagrams.

elements currently clipped from the viewport. They can be seen as

an altenative to traditional overviewdetail ordistortion oriented
focustcontexttechniques but can also be combined with them
Up to now, offscreen visualizain techniques were rmdy
applied to mobile deviceld][16]. However, we conceive it as a

2.1 Overview+Detail and Zoom+Pan

The overviewtdetail techniquecombined with zoomtpan is
certainlythe mostestablishedpproachin stateof-the-art diagram
modeling tools such afl7][24][40]. Usually an overview is



shown in an interactive separaté area at the border of the mapping.Turetken et al[46] and Reinhard et a[32] seize on
workspace It shows the whole diagram in miniature and uses a this approach and apply it to visualize hierarchical nesting of

viewfinder rectangle to indicate which part isroently otserved nodes.Particularnodes, e.g. ofbusiness processodels and data
in detail. Users are able to move this viewder for panning or flow diagrams[46], can be gpandedto show nested nodex a
can selecta certain part of the overview toavigateto this finer level. This technique is also applied in ShriNd#®]. Besides
location inthe detailed view.There are somapproaches hich fisheye techiques, ShriMPalso offers semantic zoomingand
try to improve overviewdetail te@niques. multi-focus visualization. It has beenapplied to visualize the

In the work of Dvyer et al.[8] a slower but high quality layout structure of ontologies and programs, e.g. by means of call graphs.

algorithm is applied to the detailed view of the currently focused Jacobs e_t aI[ZQ] use a fisheye technlqu_eln conjunctlc_)n with
part of the digram. For theoverview a fast but less accurate UML QbJeCt diagrams. ltserves fo_r wsue_al debuggln_g and
approach is usedhe authors applietheir appoachalsoto UML dynamlca_lly changes the levai$ detail of objects according to a
class diagramsand offer semantic zoominfB0] by showing DOI function.

different representations of nodes according to the level of detail Kagdi et al.[23] apply a focuscontext approach to classes of
In previous work[13], we also investigated semantiooming inheritance hierarchies in UMLIlass diagrams. In contrast to
techniques for UML. Thereby, we considered nested diagrams. Byaforementioned works, they doct use graphical distortion.
zooming in a node, a nested diagram becomes visible whichlnstead, contextodesarerepresented as amion graph notation.
describes this node in more det&harp et al[37] present several . . .

techniques to support the émactive exploration of UML  2.2.2 LocalDistortion Techniques

sequence diagrams. For instance, different kinds of filters can be Another way for graph exploration iise application of lensdg].
applied to the overview of the diagram. The filters result in Lenses can show additional informati@i] or can support graph
graying out or culling certain parts. Furthermaifea particular ~ exploration by local distortion of the layout of the graph. For
message is selected in the oviaw, the detailview showsthe example, Tominski et a[44] presented graph lenses such as the

source and target object and the respective call stack. bring neighbors lenslt can be used to bring connected neighbors
of a ®lected node towards the focused area. Other graph lenses

Concerning overview4detail techniques two general problems such as the ones presented by Wong d48].or Panagiotidis et

exist the overview window occupies additional screen space andal_ [29] locally distortthe routing of edgeto createclutterfree

some studies indicr?\ted theimere may bemo_recognitive load, as areas.This type of lenswas also applied on multitouch enabled
users have to switch between both vie{@. Beyond that displays by Schmidt et 4B6]

Nekrasovskiet al.[27] comparedzoom+panto focustcontext for ) )

a huge tree structuréThey applied both conditions withnd Another technique- called bring & go — was presented by

without overview and found that showing an additional overview Moscovich et al. [15]. It moves proxies of adjacent nodes close to

windowhadnoinfience on the users’' pefe S@'?Cm%ﬂ@l;ée@r.‘dkc%n be app“egpmman mcrementabwagd(

S . & go can also be invoked on proxie§urthermore,Spritzer an

Tominski et al. [45] and Moskovich et al.[25] presented Fr itaS[Ai] apply a pgyﬁic-sb sed approach to change the graph
expl

tec h niques -Bazlelde gIT rawdede ng” a Thjout fo ofation? Thiei droli]o pe allows the placement of
respectively. They focus on reducing the effort of manually magnets which attract nodes with specific attributes.
panningfor navigating to adjacent nodes in graphBo achieve

that, they apply automatic navigation along eddasth our Tominsk et al. [45] developed a radar view mode for graphs.
approach we also support automaticvigation. However, in ~ During navigationby means of a pawheel, offscreen nodes are
contrast to Tominski et al. and Moskovich ettais is possible projected to the border of the current viewport. This gives the user

between arbitrary nodes, not onlyetween connected ones. the possibility to look ahead during pang. In contrast to off

Furthermore, with our technique no manual mode switch is Screen visualization, as wegpose it in this paper, this technique
necessary to get a preview of the target node. does not use proxies, does not showsefeen nodes permanently

and does not allow interaction with eftreen nodes.
2.2 FocustContext .
In contrast to overviewdetail, bcustcontexttechniques integrate 2.3 Cue-based Technlques
both views inone view Thereby, &mentsin focus are showata Otherto the aforemembned approachespebased teliniquesdo
high level of detail and thosie the context area are condensed Not distort or modify the size of elementsto realize a
according to certain strategies. For examplenents beyond a  focus+context visualizatiof6]. One option is to showroxes as
particularDOI are blended ouas inFisheye Viewspresented by contextual cuefor elementdocated inthe off-screen arealhese

Furnas[14] or context elements are geometricatligtoried [35]. proxiesareoftenshown asverlay at the border of theiewport
Existing focuscontext techniques can be categorized i [N that way, a contextual view on elements currestipped is
approaches withglobal distortion (distortion affects the whole ~ diven In recent yearseveral cuebasedoff-screen visualization
information space)and approaches witlocal distortion (only techniqueshave been developed. Thegnge from arrows €.9.
some object of the information space are distorfe®oth have ~ applied in computer gameso tedniques such asialo [1] or
been applied to nodink diagrams and graphs. Wedge[16]. The latter were mainly developed for map navigation
on small displays of mobile deviceEheyare desiged to indicate
2.2.1 GlobalDistortion Techniques parameters such dbe existencend the directionof off-screen

Global geometrical isheyeviews have beerapplied to graphs by  elementsas well as their distance. This is achie\®dgraphical
Sarkar et al[35]. The focused node is magnified and all other overlays visualizing the respective parameteddowever, in
nodes are geometrically distorted. The authdeselopedtwo contrast to our proxpased approacthey do notshow further
different approaches to lieve distortion: cartesian angblar



information about the of§creen element such as its typed they
are not interactive

City Lights [51] is a first sketch for an ofcreen visualization
approach which uses proxy elements instead of graphical
overlays. It realizescontextual views for hypertext systemFor
proxy elements ifferent graphical dimensionsuch as points,
lines and2D objectsare discussed-urthermore, Irani et a[18]
presented Hop, which allows useis navigateto off-screen
elementsy means of automatic pannirighe technique applies a
rotating laser beanto create proxy elements near the focused
item. An extension is WinHo[p19] It opens an inset which shows

the offscreen region around an item represented by a selected

proxy element. In this way, the inset serves as a portal into the off
screen areaRecently, an approach similar to WinHop was
developed by Ghani et 4lL5]. It also appliesnsets. Thereby, off

screen locations are shown in small separate views arranged alon

the border of the viewport. The insets provide information about
the local neighborhood of effcreen elements and allow panning
and zooming. This is similar to the tenfjue developed by
Karnick et al.[22]. They applied insets for route visualizations on
geographical maps.

User studieson mobile deviceswere conductedto compare
different overlay techniques.The results showed that Halos
perform very well but the performance is lowered if the amount of
off-screen target increasg3], [34]. A further study by Burigat
and Chittaro[4] showed that Wedges are beneficial for more
complex spatial tasks, such as ordering-sofieen location
according to their distance.

The study conducted byekrasovskiet al. [27] compared
zoom+pan with focus+context (@ctangular rubber sheet) for
navigation tasks within a large binary tree on a common PC.

Halos were used to indicate the position of already visited nodes.
Results showed that the zoom+pan interface was faster andm

demanded less mental effort than theufskcontext interface.

These fiings encouraged us to apply-sffreen visualizations to
nodelink diagrams.In contrast toNekrasovskiet al., we do not
only visudize the geometric location of an eféreen noddy
graphical overlaysWe go beyond thisather simple adaption of
already existing approaches gmésent a technique which applies

editors.Within this view navigation takes placky panning and
zooming The viewport is surrounded bwn interactive border
region (see gray area ifrigure 1). It is used to show proxy

|elementswhich representodes located offcreen

According toZellweger et b [51] there ardour differenttypes of
information about unseen objectdwareness, Identification,
Navigation and InteractionWe interpretthem as equirements
andcorsider them in the following way

Awareness The existence of of§creen nodeshould be indicated
by the visualization techniqueso that users are aware of the
nodes currently clippedds mentioned aboveye achieve that by
applying proxy elementsvhich are displayed within a border
region surrounding the viewpofthe position of poxy elements

is determinecby projecting theposition of theclipped nodego
the border of theviewport Different ways of projection are
Bresented in &tion 4.1 The edges é&tween offscreen nodes are
notvisualized within the border region to prevent clutter.

Identification. Commonly, diagrans consist of elements of
varioustypes For examplein UML class dagramdifferent types
of nodes such aslas®s, abstract classes ainterfaces exist For
off-screen nodes theespective proxy elements should allow
identifying themin an easy wayThus, wemap existing node
typesto thecolor and the labeling of proxy elemeritsge ®ction
4.2 andFigure5 for details) Furthermorewe propose thatdges
connectingvisible nodesand off-screen nodeare attachedo the
respective proxy elements. This technique ensureptbaerties
such as arrow heads are always visible #redtype of the edge
can be easily identifiedBeyond that further properties such as
edge labels or multiplicities located offscreen are rearranged
accordingly to ensure their visibility.

Navigation. With our technique we support manual navigation.
The position of a proxy element is dynamically updated during
anual panning and zooming according to the position of its
associateff-screen node. In that way, the direction of the off
screen nodes is always indicatétie dynamic update is based on
the projection mentioned abovin particular, we implemented
two algorithms: radial and orthogonakojection (see Section
4.1). Besides manual navigation, we also support automatic
navigation. If a proxy is clicked, automatic zooming and panning

proxy elements. This can be understood as a combination ofis started tonavigate to the respective aftreen node. This

focus+context techniques (such as bifocal vig¢dk) and cue
based approaeis. Furthermore we contribute techniques such as
clustering strategies for proxyeatents e.g., based dinediagram
structure two different ways of projecting offcreen nodes and
visualizing a variety of additional information.

3. THE OFF-SCREEN VISUALIZ ATION
APPROACH

The visualization techniques presented in this paper are based
the off-screen approachediscussedin Section 2.3, We apply
themto nodelink diagrams in general and WML class diagrams
in particular This section describes thgeneralidea of our
approach and discusses additional challenges wddchr when
off-screen visualization techniquese appliedto the domain of
nodelink diagrams.

Theproposeduser interfacés structurecdas follows The currently
focused part of the diagraris shown within a rectangular
viewport. This is dondn the same way a& common diagram

technique allowdor a fast and targeted navigatiém a clipped
node (details can be found in Secti)n

In contrast to pproaches such as Hald] or Wedge[16], we do

not focuson visualizing the distace to an offscreen elemenEor

most of the diagram notations we consitleés informationas less
important compared toother information such as the typef a

clipped nodeor its location in relation to other nodes.

Interaction. Off-screen visualizadins should also include
interaction techniquesesides supporting manual and automatic
navigation,our proxy elements are interactive and can give further
informationabout associated effcreen nodesn demangdsuch as
previews These and further interon techrques arealso
discussed in &ction5.

Beyond the mentioned requirements, several new challenges have
to be taken into account when-sffreen techniques are applied to
the domain of nodénk diagrams. This includescalability, the
shape of proxies and the diagram layout and edge routing:



Scalability. Off-screen visualization techniques usually suffer
from cluttered proxies if a large amount of-effreen elements cé c3
exist. To address this problem we proposetomaticclustering
and interactive filtering oproxy elements. Different clusieg .
strategies are presentedSection4.2 andfiltering is presentedh @3\ /@)
Section5.4. A user study (presented in Sect®nshowed that our

clusteringtechniquesare applicable at least for diagrams with up [ LT

to 100 nodesHowever, the results made us confident that our /v\
approach will also support larger diagrams with several hundred a )
nodes.For largerdiagrams we propose a specific technique called
Area of Influencésee Sectiod.2.3.

Shape of proxies Indicators such as arrows, halos or wedges @\ a)

hard to distinguish from edges and their wisproperties(e.g.

arrow heds). We decided to apply proxies which resemble the - [

concrete visual syntax of the diagram notation. &loee, for \.
@

class diagrams we use proxies watlsquared shapgsee Section c5 ca
4.2).

Diagram Layout and Edge Routing The diagam layout and the
routing of edges should be preserved by the visualization o
technique. For many types of diagrams the layout of nodes and Figure 2. Proxy elements are created by projectig off-screen

edges can express a special meaning. Itsexitas a secondary classes onto the interactive border region (gray arealor
notation[31] and is anportant visual guide for users to build a  €dges connected with proxy elements the routing is changed
mental map of the diagram. Several layout guidelines for (see aggregation between C2 and C4)

partiaular types of diagrams exist (to produce aesthetic layouts).
For UML class diagrams e.g., within inheritance hierarchies
general classes should be@anged above their subclasses. Further
aesthetic rules are gsented by Eichelberger et 4l0]. As off-sCr een and represent ed by t he

previously mentioned, edges Iee}dlng to thesun_ieen area are generaliztions are attached to this proxy elemeatgnoted by the
attached to proxy elements. This can result in layout changes L i
. . . . . - black generalization arrow8therwisg the arrow headwould be
during panning and zooming. We investigated several solutions S
> ) . - . located off-screen and nobe visible for the user (see gray
for this problem; they are presented in detail in Seetidn S . .
generalization arrows). The edge is automatically released from
the proxy element and attached back to the respective node when

4. VISUALIZATION DETAILS the node becomes visible due to zoondnganning

In this sectionwe investigat several design alternatives for all
parts of ouroff-screenvisualization techniqueWe contribute

In Figure 2 Class C1 and C2 are both-soreen and connected
with Class C3 by generalizatiorlationshif. Class C3 is located

Next, we discuss howrpjecting nodes in a geatnic way affects
edge routing and present solutions to make these effects as

promising solutions and discuss their &és and drawbacks. We : A i
start with issues occurring within the viewport. After that, we comprehensible as possible. After that, we present a technique
' \fvhich preserves edge routing completely.

discuss the appearance of the proxy elements. Finally, we presen
different pasible designs for the interactive border region. 4.1.1 GeometricProjection

The two most obvious and maal ways of projecting nodes onto
the border of the viewpodre orthogonaland radial projection
YWe subsume these two possibilities as geometric projedtian.
orthogonal projection nodes are projected perpendicular to the
border of the viewport. Foradial projectionnodes are projected
fowardsthe center of the viewporBoth ways clearly indicate the

4.1 Projection

Proxy elements are created within the interactive border region b
means of projecting the positions of-sffreen nodes to the border
of the viewport. Edges between visible nodes and clippeésod
are attached to the respective proxy elements. In that way, the typ

of the edge is always visibl&urthermore, we suggest applying direction of an offscreen nodeAn example forboth approaches

two border colors for proxy elements. Proxy elements with . - o
; . is shown for Class C6 iRigure2. Orthogmal projectionresuts
attached edges have a darker border color than proxies with no ; . . .
n the pr oaxnyd erl eednieanlt PGroj ecti on i

edges (sefigure4). Beyond that, proxies with attached edges are All other nodes inFigure 2 are projected in the orthogonal way

rendered always in the foregroumdbove other proxieand are . . .
Y 9 P only. A special caseccurs if classes are locatiedone of the four

never aggregated In geometric clusters (eetion4.2.1). I_n that off-screen area®wardsthe corners of the viewport (s€dass C5
way, proxies representing the next connectedaoféen neighbors .~ —. -
in Figure 2). They cannot be projected onto an edge of the

of visible nodes, are easy to perceive and are always directly . b h | ectianTh . ;
accessible. viewport by orthogonal projectianThus, respective proxies are

created in the corner of the viewport. Clusters are created if
several proxies appear mcorner for detailssee Sectiod.2).

When geometriprojection is appliegthe edge routing is changed
dynamically during pan and zoom interactiofhis happens
because edges stick to the proxy elets@s described above. In
particular this becomeproblematic if an edge is beand



4.1.2 Projection along Edges

c2 c2 To avoid the change of edge routing cornglle we sggestalong

edge projection In this approach ofcreen nodes which are

connected with visible nodes are projected along their edges. In
L that way, proxy elements appear at the first intersection point of

the edge and the border of the viewpdiereby, the layout of

edges is maintainedrigure 4 depicts the same example diagram

0 2000 S E— asin Figure2 but withalong edge projetion. Off-screemodes

c4 c4 Cé CS“J c3

@\ *
, .
\
"\

Figure 3. Concept sketch for routing edgeslang the border of L ?L/
[ c2

the viewport: rerouting by proxy edges with straightsegments /
(left) and rendered in arubber band style (right) . 1|

consists of several segmerithis can be observed Figure?2 for 2
the generalization between Class C1 and C5 and for the

aggregtion between Giss C2 and C4The edgs are bert and £
inflection points are located in the aftreen area. In the depicted E%
example groxy edges inserted from the last estreen inflection

point to the proxy element. This approach does not change the

entire edge routig, but still changes the route sigjicéntly. We € & @( c
suggest renderingroxy edge in a different color than actual | ‘
edges to signal that they do not represent the original edge (see

Figure2 andFigure4 where proxy edge have ablack color). Figure 4. Proxy elementsare created byalong edge projection

A permanent change of the edge routing during panning and  Proxies appear where an edge crosses the viewport (see
zoomingcan be hard to compreherior the user. Furthermore, P T 0 x i e s .Brboff-acreen n@dé gan be represented by
guidelinesfor aesthetic diagram layouf40] can be violated, as several proxies (see proxie3 6  a nhbth @@redent class

edges crossing each other or edges crossing nodes aamlocc ~ C3). Temporal geometric projection:ifpr oxy 406 i s hover
the following we present solutions to make the change of edge appears to indicate the proper diretion of classC4.

routing as comprehensible as possible. A second goal is toare projected by means of orthogonal projection if they are not
preserve at least the routing of the visible part of the eBiges. connected with visible nodes. Otherwise they are projected along
address these problems, we came up with two different s@ution t he e d ge (e.g., 4 achatlactegistigs of Ther ¢
animated inflection pointandrouting along the border this technique. An ofscreen node can be represented by more

Animated Inflection Points. In order to make the change of edge than one proxy element, if the node has several edges. In this case
routing more comprehensible, we suggest atiiigahe inflection ~ ©one proxy is created for each edge. This can be observeglire

points towards theproxy edge The animation starts when the 4: for ClassC3 a proxy element appears for each germatdn
respetive node moves offcreen. When the node becomes visible
again, the inflection points are animated back to their original
position. The drawback of this approach is that ewsible parts A I 4
of an edge are changed. In additipnpxy edge<an cross other

edges or even nodes. /

Routing along the Border. Our second solution is to route off

screen edges along the border ofvtesvport With this approach Figure 5. Different shapes for proxy elements (left), from left
the visible part of an edge maintains its routing compleRxigxy to right: class, abstract class, interface and a cluster of four
edges start at the intersection point tfe original edge and the nodes. Proxy for a class and attached edgesdhi).

border of theviewportand lead to the proxy element ($égure3

left). Theproxy edgds routed according to the original edge (in

Figure 3 first downward and then to the fgfAnother variation of

this approach is depicted Figure 3 right. Here theproxy edges

renderedas a smooth curve.g., by means of Bezier curvelt

can bend dynamically in a rubber band style during panning. This

makes tle appearance of@oxy edgemore comprehensibl@he

general drawback of this solution is thege clutter can occur

along the border of the viewport if an @ffreen node has many

edges. We address this problem by applg a temporal geometric
projection. It is performed only when a node projected by means
of along edge projectioiis hovered with the mouse cursor. The

relationship (3’ and 3’ ). Furt he
means of bent edges the location of the proxy element does not
correspond to the offcreen position of the associated node. In
Figuredt he pr o x y(représentimg Glass @4) appears at

the right border, but the Class C4 is located at the bottom. This

can be confusing for the user, as when the proxy element is
clicked, the viewport does not move in the expected direction.



associated node is additionally projectedorgetrically. This With geometric clustering, proxies are sfered even if there is
results in a second proxy element whiciticates the actual free space available in the surrounding area. For example, in

direction of the node. IfFigure4dt he pr oxy 4°' ' Higsre6dleft hamangde)rtherk is free space above and below the
proxy for 4° whi ch ap pHowaaves, it o n tlustervploxe ior @3’ andi Cgl. Fordhis ease tnplemented an
has to be clarified ifalong edge projectionand temporal algorithm that decks the neighborhood of an existing proxy
projection are comprehebge for the users. element. If another proxy element is going to be placed at the
. same positionand free space is available in the immediate
4.2 Proxy Elements and Clustering vicinity, the proxy element is placed at the free position instead of

In our current implementation we distinguish between four being hidden in a okter. Proxiespositionedin this way could
different types of ofscreen nodes. For the respective proxy slightly overlap to indicate that they belong to a cluster
elements we use rectangular shapes with different coloring an
labeling. Thereby, thehosen colors comply with the colors of the
as®ciated nodes. The applied shapes are depictEgyime5 left:
proxies for classes argellow rectangles; proxies for abstract
classes are less saturated and additionally labelechwi “ A”
proxies for interfaces have a higher saturation and are labeled with

dWhetheran avoid cluster algorithnis useful depends on the type
of diagram. For instance, in state charts or activity diagrams this
kind of clusteringis certainly not beneficial. For these kinds of
giaﬁ;rgms arranging nodes in a vertical or horizontal layout is part

Geometric Clustering Structural Clustering
Attaching edges to proxy elements can result in clutten
example, ifseveral edges with arrow heads are attactiedarrow c2 [a]
headscanocclude each othello prevent his problemeach proxy .
owns a secalled edge port. An edge port isaall semicircular

extension ofa proxy elementand provides more space for = = Gf ol @
attaching edgeslt has the same color and reaches from the [& / ] \\L
interective border region into the workspatseeFigure5 right). ‘

Edge ports only appear when the aesated offscreen node is = = e

connected with visible node®/e decided that edge ports should

be present even if the attached edges have no arrow heads ar 2
even if just one edge isttached to the proxy. This clearly

visualizes that the edge is attached and makes our visualizatior

more consistent.

c6 7| c6 | c7

Figure 6. Geometric clustering (left) and structural clustering

To avoid clutter within the interactive border region, we suggest of an inheritance hierarchy (right).

clustering of proxy elements. In that way a scalablbriiggie can
be redized for largediagramsin the following Subsection4.2.1
and 4.2.2 we presenttwo different ways of clustering proxy  of the gcondary notatiofid1]. For example, it can be confusing

element: geometric andtructuralclustering. Both can be applied o place proxy elements above each other, although their

simultaneassly and are applicable for diagrams with several associated nodes are arranged in a horizontal line.
hundred nodesThe user evaluation presented in SecB8mshows

that the clustering techniques work well with diagrams up to 100 4.2.2 StructuralClustering
nodes. However, we are confident that thesenigcies will also Besides geometric clustering, proxy rekents can also be

be beneficial for diagrams with several hundred nodes. clustered according tstructural relationshipbased on theisual
diagrams with even more nodes we suggest to applrea of syntax of the particular diagram notation. For UML class
influence Details of this technique are presented in Subsection diagrams we propose thdustering of inheritance hierarchies.
423 Further possibilities would be to cluster elemdrgionging to the

. . same package or classes connected by means of aggregation or
4.2.1 GeometricClusterng composition relationshipgFigure 6 (right hand side) shows an

Geometr!c clustering is applied iseveral_ proxy elgments are  example for this témique. The visible class C1 is part of a
overlappingby more than 30% of their width or heiglats they  hjerarchy located ofécreen. All classes which are directly or
are created at positionvery close to each othem that casgthe indirectly subclassed from class C2 are aggregated into one
actual proxies are replaced bysingle cluster proxy.For an cluster.

example seé-igure 6 (left hand side), wherehé classes C3 and . .

ca ar%represgnted éiﬂ clusterproxj They are depicted as an According to geometric clusters, structural cluster elements show
icon which indicates aggregated elements in a stacked way (seéhe amou_nt (t)]f CIUStet:ed plgsses by mzans(;)f da number ('g thr']s case
Figure 5). Furthermore, clusteproxies showthe number of six). Again, he number is Incremented and decremented when a
aggregated elementgtwo in Figure 6). The number is clustered node becomes visible or invisible respectively.
incremented if an associated node moves from the viewport-to off Structural cluster proxies are located at _the p!ace where the next
screen and decremented wherespectivenode becomes visible. connected ofScreen hode Of. the cluster Is projectedFigure6
Furthermorefor orthogonal projection cluster proxy elements are (Cr?)ie ? Cela ;z ;?rt]r?s(:t(e)git\i,\(,)l;hv?:é?:%zl?sss :f;."eg:e% tSe r%lgztnesr of
created fornodeslocated in the offcreen areas towards the ProXy app p Proj y

cornersof the viewport(see Classes C6 and C7rigure6). orthogonal projection.



elements can be drawn sygmbobk with different colos, shapeor
labels. Their spatial Igout and how theyare positioned to each
other on the two dimensional canvas is not considered by this
D representationln particular, approaches cu as the oniograph
notation[23] can be applied for clustered inheritancerdiehies
in class diagram& hereby, proxy elements can be put inside each
other to visualize the clustering.

]

I
L | I_/ Furthermore we propose to stack proxies according to their
- position within thediagram layout. This could be seen as a 1.5D

- O
' ) _ m solution, as the spial position of nodes would be recognizable
|Jw V'e“f'm” : T without a complete 2D layout. Finally, the border region could

allow a twodimensional arrangement of proxy elements according

to the geometric layout of the associated nodes. This would result

1
in a bifocal view [41] providing a condensed view of the
Area of Influence . . s
remainingdiagram within the border. Furthermore, we propose to
userounded corners for the interactive border. This approach can

avoid clustering of proxy elements in the corners ofdisplay if

orthogonal projection is applied. Beyond that, for radial
Figure 7. A rectangular virtual area of influenceis located projection rounded corners can avoid an abrupt change of
around the viewport (typically, the screen) All nodes within direction of proxy elements during panning. These solutions are

this area are represented as proxy elements. Nodes outside the subject of further investigation.
If additional metanformation or semantic informationis %E Q

area are ignored. G E
available this can also be appliedfor creating clustersFor T_ 5] L a L Q
example,proxies could be clustered if they belot@ma certain % % — \lﬁ
part of a class hierarchy or to a sgtaph with associated —
semantic meaning. Another example is the application of-meta  figyre 8. Different dimensions ofthe border region, from left
information for featureoriented software delopment. Thereby, to right: 1D, 1.5D and 2D.Border region with rounded
classes atibuted to a certain feature coude clustered. corners (fight).

4.2.3 Area of Influence
If diagrams with hundreds or everthousands of nodes are 5. INTERACTION TECHNIQUES

visualized, even the clustering strategies mentioned before mayThe previous ection provided a detailed description tfe

not be applicable. In this casee suggestthat thecurrently ~ Visualization techniquef our approachin this section we
visible part of the diagranwithin the viewport(e.g., the editor ~ Present how users can interact with thesuifeen visualization
window) is surrounded by virtual area of influencgseeFigure and how it reacts on user inpuike in common diagram editors

7). The area of influences part of the offscreen am andcan ~ We support manual panning (e.g., by mouse dragging) and
have arbitrary shapdypically rectangular or circular shapes will Zooming (e.g., byisingthe mouse wheel). Therebyetpositions

be used.Only off-screen nodes residing within thiarea of of proxy elements are constantly updated. The update takes place
influenceare represented as proxies. All otherther awayoff- according to the position of the associatedsafeen nodes and

screen nodes are ignoradd filtered Further filte techniques are ~ the applied projection algorithm. Furthermore, when a node
described in SectioB.4. The area of influencemoves with the ~ Crosses the border of the viewport, the respective pei@yent is
viewport during panning and grows and shrinks during zooming Plénded smodly in and out, to make the relation of node and
(proportional to the applied zoom factofjo always show a  Proxy comprehensibléesides this manual navigation our system
predefined maximum numberf proxies,the size ofthe area of also realizes automatic navigation which is described in the
influence can also vary according to theamountof off-screen ~ following. We start with the appearance of node previewd
nodes located within the arefi.gets bigger if the viewport is then the automatic navigation itself is explained. Finally, we

located in a sparse region of the diagram and becomes smaller if iPresent further techniques such as inserting edges via proxies and
is located in a dense fieg. Finally, if the offscreen visualization ~ interactive filtering.

technique is combined with a traditional overview+detail .

interface the area of influencecan also be indicated within the 5.1 I_Drev_|ew of Off-Screen Nodes . .

overview window. Hovering Wlt'h the mouse cursor over a prosasults in a preview
of the associated node. The preview is shown as an overlay within

4.3 Design of the Interactive Border Region the diagram workspace and is located close to the border region at
For the appearance of a proxy element, there are afitfetesign the side of the respective proxy element. For cluster proxies a list
variants conceivable. They depend on the dimension of the bordefof Previews appears consisting of one preview for eachieckcs

region (seeFigure 8). For aonedimensional (1D)pordet proxy node (seeFigure 9 left). In our prototype a preview shows the
label of the class or interface. Each preview has the same color as

1 ) . ) . the associated proxy element. The previews are blended out
See http://fosd.de/for further information on featureriented smoothly when the mouse cursorlégving the proxy element.

software development Besides that, if a visible node is selected, the proxy elements
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Figure 9. A list of previews is shown if a proxy is hosred
(left). Expandable previews(center) cangive further
information about the content of an offscreen node and allow
in situ editing (right) .

which are directly connected with the selected nool@ld show
their previewsautomatically In that way, a user can easily get
more information about nodesonnectd with the currently
selected node

Showing the label of the associated-aéfeen node is certainly
the simplest version of a preview. Previews could also show
further details of the content ahodelike with semantic zooming
[30]. Beyond that, the relationships of nodes could be visualized

by previews. Concepts for these approaches are presented in the

following subsections.

Content previews Expanding the previews can give access to the
content of the respective nod&gure9 (centej shows a preview
|l abel which is equipped wthe h

Of course both approachescontentand topological previews-
can be used at the same time. Preview labels shown in a
topological preview can be expanded to edit their content.

5.2 Automatic Navigation

In addition b traditional navigation by manual panning and
zooming, we offer automatic navigation. This is achieved by
clicking a proxy element or a preview which results in an
automatic zoom+pan animation to the respectivesaféen node.
With this technique it is @ssible to focus a particular node in a
targeted and fast way. In particular, users are able to explore the
topology of the diagram by hopping from node to node. In UML
class diagrams for example, this technique can be applied to
navigate within inheritaree hierarchies along generalization
relationships by clicking proxies which represent connected
classes.To make the automatic nmgation as smooth and
comprehensible as possible, we applied simultaneous panning and
zooming according téhe algorithm introdced by van Wijk and

Nuij [47].

[E][Class 1™ &

a

pressed

preview is expanded and attributes and methods of the associated

class become visibleF{gure 9 right). With these preiews it is
possible to edit offcreen nodes in situ without time consuming
zooming and pannindzor examplecontent can be added, deleted
or changed by interacting with the expanded preview as with a
normal class. If previews become too big due to toehtontent
several levels of detail could be used.

Topological previews Besides details concerning the content of
an offscreen node, previeran alscshowrelationshipetween
nodes. Thereby, the topology of an edtreen sulgraph is
visualized but not its actual layout.Figure 10 shows the
topological previewfor the example ofFigure 6. The list of
previews for a cluster is equipped with a buttbrgure10 left). If

it is pressed the previews are dynamically rearranged laad t
complete inhdtance hierarchy is visualized within a dedicated
area(Figure 10 right). Furthermore, the area can be chanted
arbitrary size by dragging its border.

Figure 10. Topological preview of clustered nodesThe
preview shows how the nodes are connected.

If a cluster proxy is clicked, the viewport is animated in a way tha
all clustered nodes are focusékb navigate to aspecific node
which is aggregated within a cluster proxy, there are two options.
Either the respective node choserfrom the list of previews or a
double clickis performedon the cluster proxyBy mears of the
double click the cluster proxy is expanded in an animated way,
showing all clustered elements as single proxies. For geometric
clusters the expanded proxies are distributed evenly in the
neighborhood of the cluster. Fstructuralclusters all asxiated
nodes are projected by meanggebmetric projection resulting in
proxy elements at the respective location.



Figure 11. Two screenshots obur prototype: A particular part of the class diagram is focused (left). Theosition of the proxies is
dynamically updated during panning and zoomingFor example, panning the view to the left and down (indicated by the blue
dashedline and the arrows, added to the Figure for illustration), results in the screenshot at the right &nd side.

5.3 Inserting Edges

Besides providing a context visualization and quick navigation
to clipped nodes, our technique also supports basic editing.
Edges can be created between visible nodes andciaén
nodes. Thereby, an edge is dragged fromékpeactive node to a
proxy element of the border region. As a result, it is connected
automatically with the associated -affreen node. Thereby, the
inserted edge is connected with an already existing edge port or
the edge port appears when the edge iggéa on top of the
proxy element. In that way, labels and other properties such as
multiplicities can be edited in place without further panning and
zooming. If the edge is dragged on top of a cluster proxy,
previews for all containing nodes are shown. édge can be
created by dragging it to the particular preview. However, other
nodes can be locatéd the way ofthe inserted edge. Therefore,

an automatic edge routing which avoids the crossing of nodes
such as described bYyybrow et al.[50] should be applied.

5.4 Interactive Filtering

In addition to automatic clustering we propose interactive
filtering of proxy elements to prevent clutter and to make our
technique scalable to large diagrams. Filter criteria can be
adjusted interatively by means of user interface widgets. As a
result, proxies not meeting the applied criteria are blended out.
There is a variety of filter criteria conceivable. For example,
proxies can be filtered according to their type (e.g., only proxies
represenhg abstract classes are shown), according to their
topological distance from the focused node (e.qg., only proxies of
directly connected classes are shown) or according to particular
metrics (e.g., only proxies of god clasg@3] with a huge
amount of attributes andethods are shown).

6. THE PROTOTYPE

We implemented the oficreen visualization approach as a
prototype for navigating and editing UML class diagrams.
Figure11 shows two screnshots of the prototype as it was also
used for the user studies presented in Segtimmd Sectior8. In

the following subsection we describe the implemented features
and the basic algorithmic amach for the offscreen
visualization.

6.1 Implemented Features

The applietion is written in Java whereby the graphical user
interface is based on Qt Jambi. For keeping a consistent graph
structure the open source toolkit jGrap26] is used.
Furthermore, the prototype is based on the Eclipse UML model
[9] and diagrams can be imported by means of XMI. Besides
creating layouts in a manual way, it is also possible to apply
automatic layout algorithms @ffed by jGraph and Ze§52].

The layout of a diagram is stored in a separate file, using
own XML format.

The class diagram is shown in the center region. Proxy elements
for off-screen nodes are placed within the interactdorder
region(depictedwith light gray backgrounth Figurel11). Users

are able to pan by dragging with the mouse (holding the left
mouse button pressed) and to zoom with the mouse wheel.
Proxy elements are dynamically updatkding interaction.

Our prototype is capabl# visualiang class diagrams consisting
of classes, abstract classes and interfac€sncerning
relationships associations (directed and undirected),
generalizationsand realizations can be showdowever,edge
labels and multiplicities are notet visualized All nodes are
represented by respective proxy elemefitseir appearance is
shown in Figure 5. We realized both ways of geometric
projection (orthogonal and radial) aatbng ed@ projection as
explained in Sectiod.1.2 For geometric projection, the change
of edge routing is performed by insertingxy edgesegment
from the last visible inflection point to the respective proxy.
Proxy elements arelustered when two or more proxies are
created at the same position (deigure 5 for cluster icon).
Furthermore, we implementeal simplealgorithm for avoiding
clusters (see Sectioh.2.]). If there 8 enough space alable
proxies are placed side by side until a certain distance threshold
is reached. Besides that, we implemensédictural clustering
for inheritance hierarchie#f parts of a hierarchy are located-off
screen they are aggregated inclaster. When proxies are
hovered with the mouse cursor, labels of the associated classes
or interfaces are shown @seviews. The previews are blended
out smoothly with a one second delafyer the mouse has left
the proxy or disappeammediately if thebackground is clicked.



We also realized temporal geometric projectiondtung edge
projection(as described in Section 4.1.2).

6.2 Implementation Details

In our prototype the border for the @itreen visualization is a
separate user interface component Whiencapsuates the
algorithms for visualizing the proxy elements.

As an initial step, all nodeare determined which arrently
rendered completelywith their whole bounding rectangle) in
the viewport. They are marked as-streen. Furthermore, nodes
intersecting the viewport and all nodes currently not rendered
are labeled as ce8creen. Then proxy elements are created for
each offscreen node. The position of the proxy is determined by
projecting the center of the respective node onto the border of
the viewport. This is achieved by intersecting the border with
the linethrought he nodes’ center to
(for radial projection) orperpendicular to the viewport (for
orthogonal projection)

The basic algorithm islivided into three $eps: determine on
screen and offcreen nodes, updating the positions of the
proxies and creating and updating the clusters.

Determine onscreen and offscreen nodesFor each viewport
update (panning and zooming) step n the currently visible
nodes araletermined. This snapshot is compared to the visible
nodes ofstepn-1. Nodes which are completely visible stepn

but were not visible astepn-1 moved from the ofcreen area

to the onscreenarea Their proxies are deleted (possibly
removed from alsters) and they are marked assoreen. In
contrast to that, nodes which are not visible anymore or just
partly visible are marked as edtreen.

Updating the positions of the proxies As a next step, the
positions of the proxies are updated by perfognithe
respective projection. In our algorithm proxies with attached
edges (associated to nodes connected witbcogen nodes) are
updated first. They are preferred, as lagging is particular
noticeable for them when they fall behind their faster moving
edges. During this step,along edge projections performed,
whereby the proxy is positioned at the location where the edge
intersects the viewport.

After that, all unconnected proxies are updated. If geometric
clustering is enabled and orthogonal projecti®mpplied, it is

not necessary to move every single proxy. If proxies are
clustered, it is sufficient to update the position of the whole
cluster (as proxiesonce clustered, never leave the cluster and

move along with it)

For radial projectionproxiesassociated to nodes located closer
to the viewport move faster than proxies for nodes positioned
further avay. Therefore, proxies which were overlapping at step
n-1 do not necessarily have to overlap at stepTherefore,
geometrical clusters can changealdne position of each proxy
has to be updated separatélis makes radial projection more
computationally expensive.

Creating and updating the clusters Proxies for nodes which

moved offscreen are added to structural clusters if certain
conditions aremet (e.g., the node is part of an inheritance
hierarchy). If the proxy is not part of a structural cluster and if it
is not connected with an estreen node, the system checks if it

overlags with other proxies. If an overlap exists, the proxies are
aggre@ted in sgeometrical cluster

The offscreen visualization component runs in its own thread to
allow smooth interactionWith the approach described above,
we are able to navigate diagrams with upl@® nodes without
performance issues

7. Pilot Study

We @nducted two studies. First, we ran a pilot study with o
early prototype.Our goal was to collect feedback at an early
stage of development, to come to decisions for further design
iterations. After that, we conducted a controlled user evaluation
with the prototype modified according to the results of the pilot
study. It is presented in Section 8.

t Mg pafii€ulad Rith the filot! stuyve warfe¥ RoCdiafify the

following questions: Are people able tanderstand the
visualization technique spontaneously? Whiatd of geometric
projection is preferred orthogonal or radial projection? Are the
proxies properly designed and distinguishable from each other?
Is along edge projectiomomprehensible®e applied a think
aloud approach in combination with user obsgoves and a
questiomaire

7.1 Design of the Study

Apparatus. The evaluation was conducted wittihe prototype
mentioned in 8ction 6 It ran on aPC with 2.5 Giz and 3 GB
RAM under Windows XP. The display had a resolution of
1680x1050 pixels and a screen siaef 2 iecatisewe
considered this asommonfor averagevorkplaces

Participants. Eight participants (6 male, 2 female, age from 24
to 35 took part in the evaluatio(6 employees of the computer
science department, 2 graduate studerfisgy all havea solid
background in computer sciencésualizationor HCI. They
were not modeling experts, blinew UML class diagram
notationand usd respective editors from time to time

Tasks and procedure Before the evaluation procedure started,
the basic approaabf the offscreen visualization was explained
This was dondy means otthe prototype an@ small example
diagramconsisting of ten nodes and six edg&® explainedhe
zoomt+pan navigation, the meaning and appearance of proxy
elements andthe interaction with proxies (hovering and
automatic navigation)However, we did not explairiurther
details such as projectioor clusteringstrategies.Orthogonal
projection for unconnected nodes aldng edge projectiofor
connected nodes was usédhe whole introdction took about
5-10 minutes.

The evaluationprocedurewas structured in two partBart one
consisted of a guided navigation withinraaler class diagram.
This meanswe askedthe participarg to navigate to particular
nodes by clicking on proxieendguided them on a way through
the diagramDuring the procedure we asked them about their
opinions concerning certain design issues and logged their
comments and behavior.

Before they started to use the prototyaerintout of theUML

class diagranwas haded to the participant§he structure of

the diagram was explained to thesnd they were asked to
memorize the spatial layout of the diagram fe2 ininutes.To

make its content easily understandable, the diagram modeled the



structure of a theater. Faxample, there were classes named
actor andstage play An actor plays a role within stage play
which was g&pressed by an association. Furthermore, a stage
play is a special kind afvent— expressed by a generalization.
The diagram consisted of 31 clasq3 of them abstract) and 35
relationships (18 associations andlL7 generalizations) The
diagram was layoutednanually according to aesthetic rules
[10]. For instancegeneral classs were always locatedabove
their subclasse crossing of edgeswas avoided andlasses
belonging together on a semantic lewsdre alsolocated close
together in the layout.

Every participant startedhe guided navigatiorat the same
position and followed the same navigation path given by our
instructions In particular,we asked the participants to perform
several smaller task®Ve asked them to estimate the directad

a class located offcreento indicate an offscreen class on the
printout without using the previews artd navigate to a céain

class and tell its directly connected neighbé&srthemore, we
asked them to count abstract classes to see if proxies are
distinguishablefrom each other At a certain point of the
navigation a@emporal projectiorfsee Sectiod.1.2 occurred, as

the respective class wa&onnected by means of a bedge. We
asked the participants if they could explain this behavior
spontaneously and discussed this technique. At the end of part
one, participants we asked to explicitycompae geometric
projection andalong edge projectiarFor thaf they were asked

to navigate freely in both mode3$o clearly demonstrate the
creation ofseveraproxiesfor one class iralong edge projection
mode, a class with eight edges was dis€or exh edge one
proxy was created.

In part two, the participants were asked foeely explore an
unknown UML class diagramconsisting of 72classes 8
interfaces and 89 relationships (30 associations, 45
generalizations and 14 realizationgjhe exploration &d a
duration of approximately five nmutes Subsequently,we
demonstratedthe avoid cluster algorithmand asked the
participants if it is comprehensible to them.

During both parts, wok notes aboutur observationsand the

p ar t i conmmantstardiggestions. Beyond that, at the end

we handeda questionnairgo them with four questions. For
example, they were asked to rate the discriminability of proxy
elements and the comprehension of autonzatt+panon five

point Likert scals (from 1 = c o mpelley diosbagr e e
“completelya g r)e e”

7.2 Resultsof the Pilot Study

Navigation. All participants quickly understood the basic
approach of theoff-screen visualizatiotechniqueHowever, for

the first navigationtask most of them spontaneously applied
traditional zoomingand panningAfter an additional hintthat
navigation is also possible by clicking on respective proxy
elements, participants mainly applied this approach. Especially,
two partidgpants emphasized thahey liked the idea of
“navigating tle diegram stepby-s t ebp tlicking proxies and
jumping from node to node.

Participantscommented that zoom+pan animatigas too quick
and shouldzoom out moreduring panningto give a decent
overview Hence, the comprehensibility of the animation was
rated with a rather low mean value (M = 1deeFigure 12).

However, the animation parametersan be easily adjusted.
Furthermore, two partipants remarked that they would not
need a smooth animation at all, as their only atteraptoi
quickly navigate to the associated node.

Projection. Most of the participants (6 of &xpectedradial
projection and were not able to identify «ffreen nodes
correctly without using the preview functiofihe question if
off-screen nodes were locdtat the expected position was rated
with a mean value of 3.QseeFigure 12). Furthermore, after
explaining the principle of along edge projectionwas
comprehensible to the participankdost of themliked the idea
of maintainingthe routing of edgetiowever many participants
mentioned thathe occurrence o$everal proxies for the same
node is confusing and suggestd a cleaer indicaion which
proxies are associated to the same n@&imilar results were
collected for the tempal projection.It was understood by the
participants after explanation, but theyggested a clearer
indication of temporal proxies.

Appearance of Proxies Proxy elements representing classes
directly connected with visible nodes were clearly
distinguistable from other proxy eteents The discriminability

of proxy elements was rated with a mean value of M <8
Figure12). As mentioned in &ction4.2, the color of thgroxies
matchedwith the cobr of therespective nodéviany participants
suggested using different colors which are ndistinguishable
from each other. However, all participants were able to identify
the different types of proxy elements when they were asked to
count proxies represting abstract classes and interfaces.
Furthermore, five participants suggested adding more
information to the proxies, such as the amount of methods or
attributes of a class.

Further observations and comments One participant
suggested history functionas suggested ir{38], to navigate
back to previody visited nodes. Thiscan be beneficialf a
proxy wasclicked by accident or ifiavigating back imecessary
duringthe editing process-urthermore, three participants asked
for a distance indicatiorAs previously mentionedve assumed
this as less important for themain of noddink diagrams. For
which tasksdistance indication is beneficial and how it can be
achieved in combination with our approach is subject for furthe
investigation.Moreover, & participants asked for an overview
and we observed thaall participantsused the printout of the
diagram for orientationThe orientation within the diagram was
rated with a mean value of M = 3(&eeFigure 12). In fact, an
overview was already implemented for the editor but we turned
it explicitly off for the evaluationln which way an overview
supports our approadh studied in the evaluation presented in
Section8.

automatic
navigation was
comprehensible

O = N Wb U

classes appeared
atthe expected
position

proxy elements
were
distinguishable

| always knew my
positionin the
diagram

Figure 12. Results of the pilot study questionnaire



7.3 Adoptions resulting from the Pilot Study
Based on the observatiomsid comments we collectatlring
the pilot study, wehangedur prototype in several ways.

Along Edge Projection Due to along edge projectiorsome
nodes (with several edges) were represented by several proxies.
As we have found in the pilot study, some participants were
confused especially, when a node was represented by many
proxies. To mitigate this problemwe slightly adoptedthe
approach used in the pilot evaluation Both projection
techniques— geometric andalong edge projectior- are now
appliedsimultaneouslyAn example is illustrated ifrigure 13.
Geometric projectioris usedfor nodesconnected with straight
edgessuch as the generalizations from C1 to C2 andIC&is

case the change of edge routing is rather eagprnaprehend,

and it is ensured that there is just one proxy for the niodeead

of two). Along edge projectionis applied only for nodes
connected with bended edges to prevent confusing changes of
edge routing. InFigure 13 this is the case for the association
between class C1 and GBurthermore, proxies created alpng

edge projectionare drawn in a sentransparent style to
distinguish them from geometrical projected proxies.
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Figure 13 Combination of along edge projection (for bended
edges) and geometricgbrojection (for straight edges). Class
Clis represented by two proxies instead of three.

Temporal Projection. To indicate temporal projectionmore
clearly we decided to visualize theuting of edges temporally
within the border region. An example fdmig is illustrated in
Figure 14 left. If one of the proxies created kajong edge
projection (1° or 17) is hovered with the mee cursara
temporal projected proxy appears (1*) ahd rouing of edges
is indicaked by proxy edgedeading to tle temporal projected
proxy. If the proxy edgecrosses other proxidbey are grayed
out to prevent cluttewithin the border region (seeigure 14
right). In that wayit is clearly vsualized how the visible nodes
are connected with ofcreen nodes and which nodes are
represented by several proxies.
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Figure 14. Left: If one of the proxies is hovered, pxy edges
are shown within the border region to clarly indicate that
one node is represented by seral proxies.Right: Screenshot
from the prototype. If a proxy edge crosses other proxies
they are grayed outto make the rouing clearly visible.

Clustering. We added animation to the proxies to make the
creation of geometric clustering (see4.2.) more
comprehensible.For that, we decoupled the movement of
proxies during panning and the creation of clusters from each
other. During the panning process the positioh proxies is
dynamically updated and proxies can overlap or even occlude
each other when they move within the border regszeFigure

15, left and center) This happens especially when radial
projection is appéd as proxies representing nodes closehéo
viewport move faster than proxies of nodes located farer from
the viewport. Adrop shadow was added to proxies to make the
overlapping clearer. When the user stops panning, overlapping
proxiesare animated twards each otheWhen theycompletely
overlap they are deled and a cluster icon is blended in
smoothly (see Figure 15, right). In that way, updating the
position of proxies during panning and the creation oftelrs

are decoupled from each other.
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Figure 15. Screenshot of the prototypeDuring panning
proxy elements (left) can overlap (center). If the user stops
panning the overlapping proxies are animated towards each
other and a duster proxy appears (right).

History Function. We also added a history functidor the
automatic navigation by clicking on proxieb contrast to
traditional undo functionge.g., Ctrl+Z) it can be applied to
quickly navigate back terevious views Other activities such
creating or editing diagram elements are not affecie
history function can be invoked by holding a keyboard shortcut
(e.g., the shift key in our prototype). As a result the proxies for
the last five visited nodes are highlightedl other proxies are
grayed outln that way users are able to quickly see the recently
visited nodes and to jumpack tothem directlyby clicking.
After they have navigated back to a particular node, the history
function can be invoked again (and thstlfve visited nodes are
highlighted agair). This technique allows going back in
navigation history with a maximum step size of five stafys.
chose toinitially visualize the last five node® reduce the



cognitive burden of the user. Howevere wuggesseting the
amount of highlighted proxiegnd therby the maximumstep
size) dynamically by mouse draggingFor example, by
activating the history mode, pressing a mouse button and
dragging the mouse horizontally useuld adjust the number

of highlighted poxies. Moving the cursor from left to right
blends in more proxies of the recently visited noalesording to
their position inthe history. This can be donantil all proxies

are highlighted or the end of the complete history is reached.
Moving thecursor in the opposite direction reduces the amount
of highlighted proxies.

8. User Evaluation

With the improved prototype we conducted a controlled
experiment @ evaluate the performance of our approaubre
deeply Our goal was to investigate to what extdre offscreen
visualizationimproves diagram navigation concerning speed and
user satisfactiarBeyond that, we wanted to find out if users are
able to stay orientedwithin an unknown diagramwhile
navigating byclicking on proxies.Therefore, v ran a sudy
with three conditions (sed-igure 16). We compared a
zoom+pan interface with overview+detail as applied in sifte
the-art diagram editors (conditio®D, Figure 16, top) and the
off-screen visualization technique without overview (condition
OS, Figure 16, center) We expected that OS users will be faster
than OD users due to automatic navigation by clicking proxies.
Furthermore we expected that the automatic zoom+pan
ani mation will support the par
manual navigationln addition to that, we ran the evaluation
with a user interface realizing the @ffreen visualizion
technique combined with amverview window (condition
OS+QD, Figure 16, botton). We expected thahe presence of
an overview windowwill improve the orientation within an
unknown diagramas participants have an additional view to
easily spo their location However, we did not expect that an
additional overview will lead to a better performance concerning
navigation. This was based on the expectation that users will
stick to navigation by proxy elements even if an overview is
present.Furthemore, we investigated how precisely users can
navigate to a given oficreen node by using automatic
navigation.

To summarize, our hypotheses were as follows:

H1 Using the off-screen visualizationcénditions OS and
OS+0D) is faster tharusing the overviewdetail interface
(conditionOD).

For the offscreen interface, avigation task completion
time is not influenced byhe presence o&n additional
overview window(see condition®©S andOS+0OD).

H2

H3 With regard to orientation tasks, there is no influence of
the OS-interface (with automatic zoom+pan animation)
compared to the Olnterface (with manual zoom+pan

and overview)

H4 The offscreen visualization combined with an additional
overview view window ¢ondition OS+OD) improves the
orientation in comparison tohé¢ OS and the OD

interfaces.

8.1 Design of the Study

For the study we applied a between subjects design. There were
three groups of participantsone for each interface.

Participants. 27 voluntary participants took part in the study
(aged 2339 years7 femak, one left handed). Most of them are
faculty members of the computer science department and six of
them areadvancedstudentsof higher semestersNone of them
took part in the pilot study and none of them knew the UML
diagrams and their content. They a® everyday modelers but
only two of them had no knowledge of UML class diagrams.
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Figure 16. Screenshots of the interfaces for the three
conditions: OD (top), OS(center) andOS+0OD(bottom). A
red viewfinder rectangle indicates the position of the
viewport within the overview.




Two participants give lectures on software modeling and five
participants stated that they are regular users of other notations
(such as activity or dataflow diagrams) amspective editors.
UML and diagram editor expertise was determined before the
study by an online questionnaire with two figeint Likert
scales. We considered these results to equally assign participants
according to their knaledge to the three conditisn

Apparatus and Interfaces. The study was conducted at a PC
running with 3 GHz, 8 GB RAM and Windows 7 (64 bit). The
display had a resolution of 1900x1200 pixels and a screen size
of 24" -sEreen cordiidnshourgrotbtype application
was usedincluding the adoptions mentioned in Sectib8 (just

the history function was disabled). Based on the results of the
pilot study the proxy elements were created by radial projection
and the zoom+pan animatiovas adjusted. It was made slightly
slower and zoomed out a bit more to show more of the diagram
during animation. The three interfaces are showRigure 16.

The width of the border region was 45 pixels. For @& and
OS+ODinterfaces the overview window occupied about 15% of
the whole display space (similar to the conditions of
Nekrasovski et al[27]). The representation of the diagram
within the overview window was too small to read labels, but
edges were still visible. Zoom+pan interaction was activated in
all conditions. Panning was possible by dragging with the mouse
on the background, and zooming could be achieved by scrolling
the mouse wheel. Participants could also interact with the
overviewby dragging the viewfinder rectangle or by clicking at
the respective position. Beyond that, the position and size of the
viewfinder was smoothly animated during zoom+pan animation
in theOS+ODinterface.

Datasets.Two UML class diagrams of similar sizersed as
datasets for the study. The first one (BkeFigure 19 in the
appendiy was a class diagram of a mstliuch gesture
recognizer developed-nouse (90 nodes4&dges). The second
diagram (D2 seeFigure20in the appendixshowed parts of the
graph visualization toolkimxGraph[26] (99 nodes, 103 edges).
We used the samrepresentationf class diagrams as in the pilot
study: the diagrams consisted classes, abstract classes (5 in
D1 and 8 in D2, with labels in italics) and interfaces (5 in D1
and 10 in D2). Relationships were limited to associations,
generalizations and realizations. Furthermore, there were no
labels for relationships. Therefonearticipants needed no deep
expert knowledge in UMLWe manually layoutethe diagrams
according to aesthetic rul§i0] as in the pilot study.

Tasks. The tasks were dividedtimthree blocks. The first block
consisted of two simple and two more compt®mprehension
tasks Thereby, we asked the participants to analyze
relationships within a UML class diagram. These tasks were
followed by a second block afrientation tasks Participants
were asked to go back édready visited nodes to find out if they
were able to stay oriented durimgvigation Both task blocks
were conducted witithe two class diagramgD1 and D2)
mentioned beforeWith these tasks we simulated the situation
that a user wants to edit partsanf unknowndiagram. For that,
he/'she has to understand several relationships starting from a
particular node of interegtask block 1). After that, the uskas

to navigate back to the location/blee started from to edit the
content (task block 2).

The third block consisted of thre@cate taskswhich were
performed only by participants doing the-effreen conditions
(OSand OS+0). To automatically navigate to a particular-off
screen node, participants had to choose the respective proxy. In
contrast tothe tasks of block one and two, thecate tasks
assumed that the participants had to orient themselves within a
known diagram. As the applied diagram was unknown to them,
we simulated this situation by telling them the name and
direction of the requestaaff-screen node all informationuses
would have ifthey would be familiar with the diagram. The
tasks are described in more detail in the followingsetions.

Comprehension tasksvere divided in two simple and two
complex tasksFor thesimple comprédnension task¢SCT) we
asked which classes are implementing a focused interface (or
vice versa: which interfaces implement the focused cld&s).

that, the participants were asked to navigate to this ndskrs

then had to name the classes or interfac@snected by
realizations and to navigate to a particular one of them. Both of
these simple tasks differed in the amount and the distance of
adjacent classes or interfaces. For tbhenplexcomprehension
tasks(CCT) we asked the participants to name allesugasses

of a focused class. So users had to navigate from the lowest level
of the inheritance hierarchy to the top. After that, they were
asked which interface implements the topmost class. Again,
there were two of these complex task&ey differed inthe
amount of super classes to find (four and ,frespectively) and

the amount of associations leading from the classes. For
example, in one case the root class was connected with several
associations so that participants had to check if they already
reached the top of the hierarchy.

Task Block 1
11 Two sequentialsimple comprehensio
SCT1 and SCT2 | tasks:

Which classes implement the focus
interface? (Or: Which interfacesalizes
the focused class?) Name all of th¢
and navigate to class/intec&aX.

1.2
CCT1land CCT2

Two sequentiacomplex comprehensio
tasks:

Name all super classes of the focug
one. Which interface implements tl
topmost class? Name it and navigate
this interface.

Task Block 2

OT1, OT2 Threesequentiabrientaton tasks:
and OT3 Navigate back to class/interface X
fast as possible.
Task Block 3
LT1, LT2 Threesequentialocate tasks:
and LT3

Choose the proxy element for th
indicated class/interface.

Table 1: Summary of the tasks



For the orientation tasks(OT) we asked the participants to
navigate to two particular classes and one interface as fast as
possible. All these nodes had been visited before and were
classes or interfaces where themprehension taskstarted.
Before they started with the respective faske asked the
participants if they could remember the direction of the target
node. We explained this task to them beforehand. However, we
did not explicitly encourage them to memorize the navigation
path while doing the tasks of the first block. In thagy, we
could see if they were able to stay oriented spontaneously.

For the threelocate task (LT) (OS and OS+OD only) the
participants were asked to choose the proxies for tweanéfen
classes and one interface. We told them the names of the
respectivetarget nodes and manually indicated their positions
within the overview window. Participants had to estimate the
direction and to find the proper proxy element by hovering it
with the mouse cursor. The two aftreen classes were located
at the upper righand lower right, respectively. The af€reen
interface was located towards the left of the current viewport.

Procedure. At the beginning of the study we explained the
simplified UML class diagram notation to the participants. After
that, we demonstratethe interaction techniques to them. For
each condition we explained zoom+pan and the functionality of
the overview if present. FODS and OS+OD conditions we
explained the ofscreen visualization in detail. This comprised
types of proxies, docking of edg, zoom+pan animation,
creation of clusters and along edge projection. After that,
participants trained theomprehension and orientation tasks
with a small class diagram consisting of 23 nodes and 25 edges.
The duration of training was about five minutes

Comprehension and orientation taskere performed within a
fixed order for each of the three conditiohfirst with diagram

D1 and then with diagram D2. After that, participants of@&
andOS+ODconditions performed the thréecate tasksFor the

OS condition the overview was activated to manually indicate
the target classes and interface. Forsofeen conditionsdS

and OS+0OD) a session had a mean duration of 30 minutes. For
the OD condition the duration was shorter (22 min) due to
shorter explaation and training phases.

Measurements. For block one and two we measured the
completion time for each task. For block three we counted the
attempts participants needed to find the proper proxy element.
Furthermore, we noted comments and observationsigluhie
study. In the end, participants were asked to rate the difficulty of
the tasks and the usability of the interface on-fieint Likert
scales.

8.2 Results

For the comprehensiorand orientation taskswe ran oneway
independent ANOVAs. The Bonferroni adjment was used for
posthoc comparisong-or off-screen interfacex@nditionsOS

and OS+0OD) some values were discardess participants
switched to manual panning and zooming instead of using
automatic navigation by clicking proxiebhis happened innly
three casesFurthermore, in two cases tasks werat done
correctly participants clickegbroxies instead of just reading the
names).

For norhomogerousvariances we performed Kruskélallis
tests (with MarAWhitney posthoc tests). Results of the
guesionnaire were mapped to a scale ranging from 0
(completelydisagree) to 4dompletelyagree).

Comprehension Tasks.For the overall completion time of the
comprehension taskéee Table 1, Task Block e found
significant effects for both diagraméD1: F(@2,24)=10.869,
p<.001, D2: F(2,24)=22.3, p<.001jor D1 and D2 users with
the offscreen interfaces were significantly faster than
participants using th€@D interface. However, there was no
significant effect between th@S and OS+0OD conditions for
both dagrams.These results confirmed our hypothesHsand
Fehler! Verweisquelle konnte nicht gefunden vesrd
Furthermore after comparing the completion times of D1 and
D2, we did not find any learning effectgetween both diagrams.
All tasks were solved correctly. The only exception was one
participant who used the OS+0OD interface. He announced the
wrong class for CCT2 of D2. Beyond that, one OS user
navigated to the wrg class for SCT2, but he recognized the
mistake and corrected it.

The task completion times for the individuebmprehension
tasks(condition x taskjare shown inFigure 17 (top). A closer
look at the individual empletion times revealed that for
diagram D1 there were significant effects for tkample
comprehension taglsee 1.1 in Table 13CT1(F(2,22)=10.397,
p<.001) This means,dr both offscreen conditions users were
significantly faste(OS p<.001,0S+0D:; p<.003)thanOD user
Beyond that, there was a significant effect for ttwmplex
comprehension tasK€CT2 (see 1.2 in Table 1However, the
variances were nehomogenous heretH(2)=10.727, p<.005.
Users of theOS+0D (U=10.0) and theéOS (U = 5.0) interfae
were significantly faster tha@D users.
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Figure 17. Task completion times for Diagram D1 (left) and Diagram D2 (right).Top: Task completion times for Task Block 1 (SCT
= Simple Comprehension Task, CCTE Complex Comprehensia Task), Bottom: Taskcompletion times for Task Block 2 (OT =
Orientation Task), asterisks mark significant effects compared to the OD interface

For diagram D2 we found three significant effects for both
simple comprehension tasksee 1.1 in Tablel). For SCT1
(F(2,24)=7.784, p<.002users of both ofcreen conditions
performed faste(OS p<.01,0S+0D: p<.004)than users of the
OD-interface.  Similar results were found for SCT2
(F(2,22)=39.034, p<.001)Again, both offscreen conditions
were sigriicantly fasterfOS p<.001,0S+0D: p<.001) Finally,
there was a significant effect for themmplex comprehension
task (see 1.2 in Table 1ECT2 (F(2,23)=7.772, p<.003)For
this task, participants using tl@S interface were significantly
faster than th@©D interface OS p<.002).

Concerning the results of the questionnaicemprehension
tasks were rated as relatively easy to solve for all three
conditions: M = 3.80D), M = 3.9 09, M = 4.0 ©S+0OD.
There were no noteworthy differences for the ratiofsimple
and complex tasks.

Orientation Tasks. Figure 17 (bottom) shows théndividual
completion times for theorientation tasks We found a
significant differencebetween the completion times of tRdD
andOSinterface for OT1 in diagram D1H(2)=9.348, p<.009)

In this case, theOD interface performed significantly faster
(U=5.0). All other differences were not significant. Furthermore,
several participants did not complete all orientation tabks.
most of tle cases they gave up on task OF8t diagram DIit
was canceled three times for t® interface.Beyond that it
was canceled once for th@S interface and two times for
OS+0D interface. For diagram D2 the task OT3 was canceled
two times for theOD interface andtwo times for theOS+OD
interface.OT2 was canceled only once for D2 and @8+OD
interface.

Completiontimes for theindividual orientationtasks showthat

for the OD interface participants became continuously slower
for both diagrams. This isom surprising, as it was difficult for
them to remember the locations of already visited diagram
elements over time. For both eftreen conditions the change of
completion times is less extreme. However, their mean value is
quite high with about 30 secosd In contrast to the
comprehension taskshe orientation taskswvere rated as more
difficult: M = 1.0 (OD), M = 1.8 ©9 and M = 1.7 0S+0D).
Many participantggavec o mment s such as
where | have been” and
before. Altogether these resultfalsify our hypothesesi3 and
HA4.

One exception is thé@®S+OD completion time of OT1 for
diagram DL1. In this caséive paticipants purposefully used the
overview to jump to the target node directly. This lowered the
task completion time. A rather low value can also be found for
OT 3 (D2) of theOScondition. For this taskparticipants should
navigate back to an interfacehrBe of them searched explicitly
for interface proxies and ignored other types of proxies which
resulted in lower task completion times. For t@S+OD
interface only one participant used this approach.

Locate Task.During the locate tasksf task block 3we asked
OS+0D and OS usersto choosethe proper proxy elements for
indicated classes and interfacéSgure 18 shows the mean
values of attempts faolving these task#\ dependent ANOVA
revealed no significantffects. The overall mean value was 2.15
attempts.
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Figure 18. Number of attempts for thelocate tasks.

Questionnaire and commentsConcerning user satisfactigihe
off-screen conditions were rated rather well. Participantsdstate
that the technique was easy to learn (M = 3.4) and easy to use
(M = 3.8). Furthermore, they had fursing thesystem (M = 3.6)

and could imaginéo apply it regularly (M = 3.6). Participants

stated that our approach is
conpl exity of I arge diagr ams
in and out manually”. Beyond

elements were clear to them (M = 3.1), the automatic zoom+pan
animation was conceivable (M = 3.6) and the creation of clusters
was comprehensible (M = 3.4). However, the current position
within the diagram was not always clear to the participants using
the OSinterface (M = 1.60S+0D M = 3.3) and they wished to
have an overview (M = 3.9).

8.3 Discussion

Comprehensiontasks The resuk of the study showed that for
exploring relationships  within an unknown diagram
(comprehension tasksur offscreen technique is at least as fast
as stateof-the-art interfaces (zoom+pan in combination with an
overview). In more difficult situations- where nodes have
several edges of different type or relevant edges are rather long
and bent several timesour technique outperforms traditional
zoom+pan interfacesignificantly. For example, this was the
reason for the significant effectsf the tasks CCZ for both
diagrams. For both taskssers of the ofscreen conditions were
faster.This confirmed our hypothesis1. Furthermore, the off
screen visualization was easily understood by the participants
and themajority applied it successfully after a short period of
training. For the first task— SCT1 of diagram D1~ off-screen
users werealready significantly faster.An overview does not
affect performance in this kind of taskghich confirmed our
hypothesis Fehler! Verweisquelle konnte nicht gefunden
werden. Participants extensively afied our technique and did
not pay attention to the overview.

Orientation Tasks. We rejected hypothesi43. The completion
times ofthe orientation tasks and the respective results of the
questionnairerevealedthat it is quite difficult with ouroff-
screentechnique to stay anted withinthe givendiagrans.
Initially, during theorientation taskqOT1-OT3) with the OD
interface paitipants were slightly faster in going back to an
already visited location. We see the reason for this in the fact
that when using a traditional zoom+pan interface, the navigation
is performed by the usethemselvesTherefore, at least the last
navigation steps are easier to memorize. In contrast to that, our
approach appliesautomatic navigationby animation This
means, user‘arenavi gated” by the
difficult to recap former navigation step#@/e see this as the
reason for the rathehigh dropout rate for OT3 in both
diagramsHowever, results of the questionnaire showed that the

aFurtheygogedwe also ¢ejegied fypashess gomhyng e qH e
" a rgeen \isyajization technigge Withe an toveiview VNG deeg o mi r
e gbsegygd pr o

zoom+pan animation is conceivable and participants stated that
they found it beneficial. For example, one participant mentioned

that he “ wo uihtetface to havigate to ghe prapére

node” without animation.

To solve theorientation tasks, participants searched for the
proper proxy which can take quisemetime depending on the
size of the diagramThis behavior resulted in the rather high
completon times.Altogether only four participants utilized the
different types of proxies and explicitly searched for an interface
proxy when they were asked to navigate to affrscreen
interface (which was the case in Oft8 both diagramys Three

of these prticipants were regular users of diagram editors. From
these observations we conclude that considering the types of
proxies to speed up navigation needs more training, but can be
rather easily applied by experts.

t NQtzsgem tompioye orientatiqn eDuring the stu
that it is difficdt for users to pay attention twoth — overview
and zoom+pan animationat the same time duringavigation.
Nevertheless, participants appreciated the existence of an
overview window, and it gave them the feeling of a better
orientation. Corresponding to that, users of @8 interface
wished to have an overview. From this veeommendhat an
oveniew window should be availabléccording to the findings
of Nekrasovski et al[27], it can serve as eognitive cushion
and can relieve users from mental load

To improve orientation, we suggestisualizing the navigation
path within the overview window. This can be combined with
the history function presented ineStion 7.3. When the user
invokes this functionnot only the proxies of the last visited
nodes are higlighted, but in addition to that the navigation path
is shown in the overview. In this wayusers can observe the
chronological order in which they have visited particular
locations of the diagram. How this path is visualized in detail
(e.g., by a path dadrrows or highlighting respective locations by
colors) is subject durther research.

Locate tasks. In our opinionthe mean value of two attemgits
finding the proper proxy for a given eftreen nodés quite
good fora rather short time of trainingfwo participantshad
problemsfinding the proper proxiefor rather large ofscreen
classes. They stated that it was hard for them to estimate the
location of the proxy according to the center of the class.
Instead, theyriented themsebs by the top obottom border of

the classandthereforechose the wrong proxy element.

8.4 Threats to Validity

For each controlled experiment threats to validity and
limitations occur. For our study we see limitations in the UML
and visual modelingxperience of our partjgants, as they were

no modeling practitioners We reduced this threat by
determining the participants’
groups with a similar mean experience. Furthermore, we applied
class diagrams with a limited amount of types of elemé¢nt
reduce the complexity for inexperienced participants. The
experiment was run with class diagrams only. Thus, the results

S Y s re mot genbralifable fomankereJ®L diagrams or further diagram

notations. Beyond that, we see threats to validity concerning the
scalability to larger diagrams and the prior knowledge of the
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participants about the given diagrams. These aspects are
discussed in the following paragraphs.

Scalability. Concerning scalabilitythe study showed that our
off-screen visualization techniqueorks well for class diagrams
with up to 100 nodes. We are confident, that our approadh wil
also be beneficialfor larger diagrams with several hundred
nodes.Of course, a huge amount of nodes represented by a
cluster leads to a long list of previews wh#re cluster is
hovered. Exploring this list is time consuming and certainly
increases the task completion timésowever, it is hard to
determinea concretaupperlimitation concerning the number of
nodes If the offscreen technique is beneficial deperals
several other factors, such as the given diagram layout, the
density ancdcomectivity of the diagram as well as the particular
notation and given taskddoreover, in this study we did not
considersome of the other proposeechniques which address
scdability such as thearea of influencgsee Sectiont.2.3 or
interactive filtering (see Sectidh4). In which way these factors
and techniques wilinfluence the performance of the -aifreen
visualization should be carefully studied in the future.

Prior knowledge. Furthermore, in our study we confronted the
participants with aliagramwhich was completely unknown to
them. They wereneither familiar with the content nor with the
diagram layout andstructure. In the futurewe plan torun
studies which cover other situations as well. Of couksewn
diagrams with familiar contentan serve as datase®ich as
class diagrams which were created manually by software
modelersBeyond thatwe also plarto conduct evaluations with
unknown diagrams (unknow layout) butfamiliar content For
that, class diagramautomaticallygeneratedrom a known code
basecan be appliedWe expect that in these cases participants
will have fewer problemsoncerningorientation. Of course,
these studies should be conducted with modeling experts

Finally, further features and design alternatives can be added to
the prototype and tested. Exampleare the different
representations of previews as described in Sediidn the
techniques for showing further information within the border
region as presented in SectidB or the visualization othe
navigation path within the ovewr.

9. CONCLUSION AND FUTURE WORK

In this paper, ve contributed the pplication of offscreen
visualization to the domain of nodiek diagramsn general and

to UML class diagrams in particuldn contrast to most of the
off-screen techniques presented so far, our approach uses
interactive proxyelements instead of simple graphical overlays
to represenbff-screennodes. Theroxies are visualizedvithin

a border region surrounding the viewpofthis provide a
contextual view ofliagram elementssually not visibleBesides
navigation by manuatooming and panning, our approach also
supports automatic navigation by clickirgn proxies In that
way, it is possible to navigate inmaap-orientedway as well as
based on theyntactical structuref the diagram

We presented several approachesnie the change of edge
routing as comprehensible as possildlering panning and
zooming A preferable technique for that islong edge
projection which does not affect the routing of edgasall
Furthermore, we presented ways to make our technique scalable
to large diagrams with several hundred nodes. As solutions for

that problem, we propose filtering and clustering of proxy
elements (according to geometric and structural rules).
Furthermore, if diagrams become larger we suggested a virtual
area of influege around the viewport. It is utilized to filter
nodes located further away.

The results of gpilot evaluationshowedthat the off-screen
visualizationtechnique is easy to understand dhdt creating
proxy elements by radial projection towards the cenfethe
viewport was preferredn a secondcontrolled experimentve
foundthat for exploring relationships withimnknowndiagrams
our approach outperforms staiBtheart interfaces.
Furthermore, participants were able to navigate tesaften
nodes wihout effort. We also found thahe presence of an
overview did not improve orientation within an unknown
diagram. However, participants requested an overview as
additional cognitive support.

For future workwe will improve the performance ofour
prototype and add further functionality.In addition to the
features described in the paper, the positioning of the proxies
could be realized according to certain constraints by applying a
mathematic optimization approach. In that way, the amount of
geometric clugers could be minimized by translating proxies to
the next free positignwhereby the distance of a proxy to its
original position is minimized as well.

Other aspects for future work ar®llow-up user studies
involving modeling expertaind usindarger dagrams Thereby,
tasksshouldbe usedwhich consider the content and semantics
of the visualized digrams As our approach is applicable to
nodelink diagrams in generalwe will also apply it to other
graphicalnotations such as business process modeislogical
networks or feature treesused in featureoriented software
developmen{43]. In previous work we investigated techniques
for diagram editing[12] and graph exploration [36] with
multitouch and pen input on interactive surfaces. The prototype
presented in this paper is integrated in the same system and also
runs on multitouch enabled displays. Therefdoe future work

we also plan to investigate how multithu interaction
techniques can btilized for ouroff-screen visualization.
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Appendix

Figure 19. Diagram D1 which was used for the comprehension, orientation and locate tasks.



Figure 20. Diagram D2 which was used for the comprehension rigntation and locate tasks.



