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ABSTRACT

The incremental beautification of hand-drawn diaggais a
process that is poorly understood. Thus implemiemtabf
beautification techniques in computer-based skétais is ad
hoc, with most only supporting the ends of the spet. hand-
drawn and fully formalized. Hand-drawn diagrams anere
effective for early design and review but usersracee satisfied
with formal designs. This suggests that there magpfplications
for intermediate levels of formality. By understamgl the
attributes of visual formality it is possible tohgify a diagram
progressively, thereby achieving visually consistetermediate
levels of formality. Here we present a taxonomytha attributes
of visual formality and the implementation of ttésonomy into a
sketch tool.

Categories and Subject Descriptors
H.5.2 User Interfaces]: Prototyping, User Centered Design

General Terms
Design, Human Factors
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1. INTRODUCTION

Computer-aided design tools have been developedhetip

designers to create and maintain detailed drawiiie goal,
when creating a design with these tools, is a formatailed,

complete and accurate representation of the intepdzduct. The
design, whether it is for a consumer product, bogd user
interface, database or engine, must adhere to ythactic and
semantic rules of the particular diagram type,tds these rules
that ensure the completeness and accuracy of therigion.

Increasingly, diagrammatic models are being usedeterate a
prototype, or in the case of software models, ttiea system.
Consequently, computer-based diagramming is anaireserest
across a wide range of disciplines.

Before finishing a design a final prototype is donsted.
Depending on the discipline, this might be a namefioning
computer user interface, a cardboard model of @ingior a fully
functioning car. Regardless of the rendering, thetgtype is
generally a physical representation of the prothat can be used
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to check functional and interaction requirements roarket
response.

Earlier again in the design process, less well-&xtrprototypes
may be used for the designers to get a feel forptioeluct and
explore the functional requirements. Paper protgymr rough
hand-drawn interfaces that are used to ‘play coemputith, [31]

have been found to be particularly effective foemumterface
design. Similar simple models are used in othagipliges.

Earlier still, before any prototype is created, igesideas exist
only as imagery in the designer's mind [15]. Howem&man
short-term or working memory is quite limited inpe&ity, so
designers generally offload their design ideas asdkdrawn
sketches. Sketching is used universally as thepegf method of
early design expression and recording.

Sketching has been identified as one of the mogbitant design
activities, facilitating such important aspects désign as
reasoning [1, 15, 35], problem-solving [32], memand thinking
[33], creativity (e.g. [13, 14, 21]) and communioat[4, 34, 36],
all of which affect the design outcome [30].

Paper-and-pencil, the traditional sketching toolsetnexpensive
and provides a medium for designers to exploreeuifit design
ideas [22]. In some situations, however, paperopypes are
insufficient to evaluate a particular design idelyf For example,
a computer interface requiring rapid feedback tersige.g. Web
site design), or complex, dynamic visualizatiorg(engineering
and architectural design) usually requires softwaretotypes,
created using computer-aided design tools [4].

Further, paper imposes physical limitations on tuifact.
Electronic documents provide better support fottiegli version
control and sharing. Thus designers can benefim frdigital
document support for sketching. Unlike paper sketctdigital
copies of sketches can be used by recognition aadtlfication
algorithms to transform the hand-drawn sketch iatdormal
diagram automatically.

Computerization of sketch tools makes it possibte tidy
(beautify) the sketch electronically. While a numind sketch
tools incorporate beautification, to date there tmsen no
thorough exploration of the concept or dimensidpaif formality
to guide development and appropriate application tlodse
techniques. This study aims firstly, therefore, develop a
taxonomy of design formality and secondly to realithis
taxonomy into a sketch tool.

2. BACKGROUND

Computer-supported informal or sketch-based desigts are

being investigated as an alternative to paper dd @ls across a
wide range of disciplines [3, 9, 11, 18, 26]. Thasals are seen to
bridge the gap between traditional design medig.,(@aper and



pen) and computer-aided design (CAD) software loyiging not
only a designer-friendly computer-supported  sketghi

environment, but also normal document-management S ek L,B&'
¢ ckage

functionality for editing and version control. Man§these sketch = /V«
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tools also include recognition engines to transfthimsketch into
a formal representation. Some also include beeatifin: a S

process by which the pen input is transformed intoore formal, e L_‘
regular representation (e.g. lines are straightearadi set at the T ae

exact horizontal or vertical). 9
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As opposed to “formal” design tools such as CAD amdrface- {—\
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design tools in programming IDEs (e.g., Visual &jdsketch- @) [= ] -
based design tools are regarded as “informal” degigls [19] ’ ‘
because they support the ambiguity and informaiftgketching

[8, 22, 23]. The advantages of sketches over foroamhputer

design tools for constructing new designs werd fiesorded by (b)
Black [5]. Subsequent studies have supported heothgsis with ] 1 v [ LT
sketches resulting in better designs [2, 13]. LikewVong [39], a Figure 1. Formal and informal representation from
computer interface designer, observed in 1992 gshatgot more SUMLOW [7]

appropriate feedback from other team members if Siwved
them a hand-sketched design. She reported thatuthal
discussions, when she presented a formal compeneiered
design, were about unimportant details like theocalr font. In
contrast, a sketch elicited more appropriate dsouson the
functional requirements. Subsequent studies compaeiviews of
designs presented as either fully formal or infdrrhand-drawn
diagrams have confirmed her observations [27, 37].

Plimmer and Grundy's [28] discussion of beautificatissues in
computer-supported sketch-based design tools Hastrédted
different ways of supporting beautification, as lwabk user-
interface design, by implementing FreeForm [27] SuWMLOW

[7] for testing and evaluation purposes. Plimmed dbrundy
further identified issues associated with sketaetbeautification @
(beautifying sketch content as the user draws) deldyed, user

controlled beautification (when sketched contenbésutified as

required), and identified the system requiremeatsupport each O =
approach to beautification. e S
SUMLOW [7] maintains two visualizations of the UMhodel !li rove I —
(Figure 1). FreeForm [27] takes a different apphodar user
interface design: the sketch is retained as is,abfetrmal visual o
basic form can be generated from the sketch (Figure o h

e —
Some other sketch tools have included a variety otifer - —
beautification techniques. For example Knight [1f§s multiple o T s — &
renderings of UML class components (Figure 3). Def22], a - i
web site design tool, immediately recognizes singgtabols such =]
as rectangles and lines. This tool varies the a@egod .
beautification applied according to the zoom levr example, Figure2. FreeForm sketch and VB form [27]
at storyboard level a line drawn to indicate natraga between
pages is smoothed and has a dot added to the spoiteand
arrow to the destination point while at page lévéd rendered as
raw ink.
A different approach is to beautify input immedigtdgarashi et
al. [16] assumed that pen strokes are intendee teither straight
lines or regular curves and so their algorithm irdiately \ —
transforms pen strokes into line segments. Theyyammstraints u ] )
so that lines lie at fixed angles and connectiors iatersections :

are exact. If the intention of the user is ambigyahe system

presents multiple alternatives from which the wsar choose. Figure 3. Different renderings of a class component in K night

from [10]
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Wang et al. [38] took a similar approach to immesia
beautification of pen strokes, using a grid. Ednb segment was
assumed to start and finish on a grid intersectiod the line was
transformed into a straight-line, half circle orcté depending on
the pen path. Handwriting can be similarly transfed [29]

"?e;\ ?eﬁ Peﬁ ?fh ?Eh
Pen Pen Pen Pen Pen
Pen Pen Pen Pen Pen

Figure 4 Smooth Morphing of Text [29]

It is clear from the various comparative studies gketching and
hand-sketched representations are better artifact®rk with at
the early stages of design. However, people coattoexpress a

representations. Bolz [6] claimed that fifty percerd the total
time spent on creating formal designs on a compigeon
beautification operations such as aligning and ngizithe
components, hence the various efforts to beautigdhdrawn
sketches that are found in sketch tools. It maypbssible to
satisfy both goals by partially beautifying a skets re-rendering
a formal design to make it look hand-drawn [17]. do this
requires understanding of the relationships betwagéibutes of
design components and formality. As a first stepe ware
developing a taxonomy of the attributes of desigmgonents

3. Taxonomy

Consider a sketched design for a user interfach as is shown
in Figure 5a, compared with a formalized repregentaof the
same design (Figure 5d). The components used inveiesite
design words, textboxes, dropdown lists, raditidsu
checkboxes and labels - are the same in both epE®Ns but
the attributes of those components - smoothnestheflines,
relative sizes, alignment of the components, spadiptween
components and lastly, the appearance of the waliffer.

preference for [25] and spend time on [6] beautdyi
Table 1 Attributes of design components which may be beautified
Hand-drawn Low-level Formality J Medium-level Fornigli High-Level Formality
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In the sketch the words are hand-written letteechea little
different and misaligned, while the font used ire tformal
diagram has each letter perfectly formed and atigag a type-
face font. As the attributes increase in smoothaessmove from
variable to more standardized size, spacing arghmlkent, the
visual image changes its appearance from an infdrarad-drawn
sketch to a formal diagram. Table 1 is a taxonofrthe attributes
of design components which can be beautified arainpies of
each attribute at four levels of formality.

Consider the images in Table 1: we made each sirtmnstrate
a particular aspect of beautification. However ¢hare likely to
be interactions between the different processésafitification.
For example, in order to apply alignment to théedéntly-sized
components in the “size” example, a decision waiddd to be
made as to whether to align their tops, middldsattoms. This
alignment of itself would not have much effect be visual
tidiness of a larger diagram. To implement multi-se
beautification, decisions must be made about wherhaw to
apply changes to each attribute of each component

4. IMPLEMENTATION

The beautification of designs through changes tdbates of
components as described above has been realiziedttKit [12,
24]. InkKit is a software toolkit for creating skbed diagrams
with a pen on a tablet PC. The InkKit recognitiorgi@e is used
to identify the sketched componen@ymponents the term used
for a logical unit of the sketch. For example, tleenponents on
the user interface examples in this paper arebdextdropdown
list, radio-button checkbox and label. After thecagnition,
component type, size and position data are availablfter
recognition the beautification can be applied galely from a
menu. For each attribute, up to four levels of espntation
ranging from hand-drawn to formal have been impiatiee. Thus
a diagram can be presented at four different leg€lormality;
hand-drawn, low-level beautification, medium-lebekutification
and high-level beautification (fully formalized).

Ink stroke smoothing is thought to be the attributest critical to
changing the visual appearance; it also interaicesttly with all

the other attribute changes. Smoothing can be exppi three
levels. To smooth an ink stroke, first the type sifape is
identified as a line, polygon or ellipse. Using #meallest external
rectangle as a guide, the bounding box, pointsideetified for

each type of shape, end points of the line, corfgrthe polygon
and the centre of the circle. From these pointerfept, regular
shape could be scribed. However, at low- and medavel

beautification the stroke is morphed from its cotrposition to
1/3 or 2/3 of the way to the ‘perfect’ stroke. Faigh-level

beautification it is morphed to the perfect strokeable 1

Smoothing, shows the effect of this on a rectanglengle and
circle.

Size is standardized using the bounding box ofcitiaponents.
All components of the same type are grouped anavarage size
calculated and normalized across the group. All rems of the
group are then resized so that their bounding baxeghe same
size. An example of the application of this to betes, dropdown
lists and radio buttons is shown in Table 1 Size.

Horizontal and vertical alignment can be appliedasately to a
diagram. Both use the same techniques. For hogkatignment
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first each component is grouped with other comptatrat are in
approximately the same row (these approximatioescafculated
using mid-points and top/bottom extremities). Tham average
bottom point is calculated and all the membershef group are
moved to that horizontal position. For verticabalinent the same
process is applied with grouping by column andkibttom point
replaced by the left point. As this process canultesn
components obscuring or overlapping each othercisgais
applied as a part of the same process.

Because of the interaction of the effects of s@@gnment and
spacing on formality, these three attributes arpliegp at an

atomic level i.e. the attributes are aligned oythe not, the sizes
are standardized or they are not. Changes in aéighnand

spacing are applied together as these attributesi@ras critical
to the visual appearance of a sketch as smoothiesther

smoothing can result in inconsistent size, alignngerd spacing
which may require correction.

The appearance of writing (along with smoothinghsught to be
critical to the visual appearance of the diagramwelver writing

is much more difficult to beautify automatically92 We replace
hand-writing, with increasingly formal fonts rathean morphing
the writing strokes. The low-level formalization essa font
created using the Tablet PC My Font tool [20]. Wiitiis tool a
handwritten example of each letter is converted etfont with

the spacing between letters and words adjustecbppgtely. The
effect is that letters are handwritten but eachrgta of a letter is
identical — this results in a tidier appearancee Thnt for

medium-level formality is Gulim, chosen because ist an

uncommon sans-serif font. Sans-serif fonts are idersd less
formal in appearance than serif fonts. For higreldermality we

selected the classic Times Roman font for its sedfsociation
with printed books and regular appearance.

5. APPLICATION

By applying these changes in attributes of theghesomponents
to a hand-drawn sketch in a consistent manner,skatch is
systematically transformed from an untidy hand-dngvto a fully

formal diagram.

The designs shown in Figure 5 demonstrate the Miftect of the
four different levels of representation. a) is halndwn into
InkKit on a Tablet PC. b) has had low-level beaediion applied.
Notice that the handwriting has been replaced witte
handwritten font — while it still looks handwrittethe font sets the
writing on a horizontal baseline and spaces theerketevenly.
Low-level smoothing, and horizontal alignment apdang, have
also been applied. The result is particularly regtide in the first
sets of radio buttons. ¢) has had medium-level fifezation
applied. The font has been changed to Gulim, wichtill an
informal font but has the appearance of a computeduced font
rather than of handwriting. Another step of smaoghhas been
applied to the lines and the component sizes hagenb
approximately standardized. These operations afféice
horizontal alignment so that has been recalibrated.

In addition, words have been vertically aligned llrawing
components remain in their original vertical pasiti In d) the
diagram has been fully beautified. The font hasnbe®anged to
Times Roman, all the components are regular shapéssizes,



vertical and horizontal alignment and spacing hagnbfully diagram, then to a diagram with the appearancenohformal
applied across the entire diagram. computer-constructed diagram and finally to a fuftyrmal

. . . - computer-constructed diagram.
Quickly scanning the diagrams in Figure 5 one chseove the P 9

visual effect of this beautification process. Thagdam changes
from an untidy hand-drawn diagram, first to a neabd-drawn
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6. DISCUSSION

Sketches are regularly used as the first recordimgghod for
designs. In contrast, formal computer-based desagagpreferred
for final product design and are increasingly uskbctly to
generate products. Traditionally paper and peneitenwused for
initial designs; these tools, however, lack thetiegi and
archiving functionality of digital documents. Hovesy the current
generation of computer design tools has been shtiwibe
obstructive to the early design process. Sketckbdesign tools
have been proposed to bridge this gap.

Computer-based sketch tools provide the computatisnpport
for editing and archiving expected of any docummaahagement
tool. Comparative studies have shown that they atohave the
detrimental effect on the design process that s lobserved
with formal design tools [27, 37]. With an appreje recognition
engine and computational support, these tools @mvert the
hand-drawn diagram into a formal and operationadeho

A number of tools have implemented some beautificabf the

diagram. Some have immediately morphed the userissprokes
so that the diagram is never shown as a sketchewatiilers have
had two views of the diagram — one sketched andother a
formal representation. Immediate beautification rbayuseful if
the only reason for using a sketch tool is speesbme studies
have suggested that a formal diagram can be catetiunore
quickly with a sketch tool [6, 25]. However, if thpirpose is to
use the diagram as a design artifact, then givenctinsistent
evidence that a sketch is a better artifact to weith during

design, immediate beautification of the sketch isurter-

productive.

The research comparing performance with sketchesfamal
diagrams is compelling, consistently showing thsgra perform
better with sketched representations. Yet userireento prefer
formal representations, particularly if the diagras being
presented to superiors or clients. Partial beaatitn of the
sketches may satisfy both needs, by producingyahtchd-drawn
look and feel. To achieve this it is necessary tbangle the
various attributes of diagram components that doutie to
formality so that beautification can be systemditicapplied.

Here we have presented a taxonomy of these atgbuiVe
implemented beautification of each of these attabun InkKit.
The changes to attributes could be applied indadighu but this
would result in an inconsistent look and feel te thagram. We
explored various combinations to produce the twierimediate
levels of beautification shown in Figure 5. Our esimentation
suggested to us that the attributes that had thet effect on
appearance were the smoothness of the lines and Yda
implemented three steps of beautification to predioar levels of
formality for these attributes. Our informal evdioas suggested
that the most critical attributes for visual foribabre smoothness
of lines and fonts. Size, horizontal and vertichgranent and
spacing seem to be less critical. Also, from atracperspective
there is an interrelationship between these elesrtbiatt needs to
be considered to avoid occlusion of components.réfbee,
horizontal alignment and spacing were applied at-level
formality, and vertical alignment and spacing, arsize
standardization at the medium-level.

We chose to apply the beautification in specifiagss. An
alternative approach would be to have continuoulde of
beautification where the user can set the beaatidin level to
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n%. In order to do this successfully, more investiin is needed
to define the order and speed of beautificationeath of the
relevant attributes, because the interaction betvadignment and
spacing would need to be resolved continuouslythiéamore, the
writing would need to be continuously morphed [28kher than
changed to a different font in an all-or-none manse that there
was a smooth transition between each point ondghérmum.

7. CONCLUSIONS

Beautification of computer-based sketches is arahextension
to sketch tools that has been incorporated in abeurof these
tools. However, most support only the total beaatfon of the
shape components and do not address text beatitificklere we
have described the attributes of sketches thatriboig to
formality and how each can be adjusted progressiteelobtain
intermediate levels of formality. We have implengshtthese
techniques within InkKit, a sketch toolkit to applye taxonomy
in a practical setting. By careful order of appiica the visual
appearance of the sketch moves from an untidy kdaadn
diagram to a formal diagram.

It is clear that sketches are better than formadims as artifacts
during early design but there has been no evalatfgartially
beautified diagrams. The next step of this projgetd evaluate the
effect of the various levels of formality on thesdg process.
Supporting continuous beautification is also anaanerthy of
further investigation.
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