Support for participation in electronic paper prototyping
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ABSTRACT

In this paper, we examine a range of tools for early prototyping
of interactive systems that might be described as enabling
‘electronic paper prototyping'. We then introduce Gabbeh, a
prototype that we are developing to re-enable participatory
design when using such tools.

Paper-prototyping is an established approach to the creation of
early prototypes in the participatory design of computer systems.
Recent years have seen the rapid development of new interaction
devices in which a display screen is combined with pen-based
input to allow users to create sketches or hand-written notes in
an interaction that is similar to writing with a pen on paper.
Research with such devices has shown how this capability can
be used to rapidly create simple prototypes of interactive
systems such as websites. However, previous systems have not
considered how end-users and other stakeholders could
contribute to design dialogues around such prototypes.
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1. INTRODUCTION

Enabling users to envisage or make sense of design proposals
(whether those proposals originate with ‘professional designers’
or from the users themselves) is an essential element of all
participatory approaches to design. Users can only make
informed choices when the proposals being discussed are
meaningful to them. Prototyping is one way of helping users
(and designers) to understand the alternatives that are possible.
Paper-prototyping is an established participatory approach for
designing interactive systems (Ehn & Kyng, 1991; Preece et al.,
2002) which allows users and designers to create and evaluate
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early prototypes of interactive systems. Whilst paper-
prototyping has many advantages in promoting user
participation, it also has some limitations. In particular:

e  whilst paper prototypes may help users and designers
to understand proposals for screen layouts, users may
have difficulty in understanding and revising the
dynamic behaviour being proposed (O’Neill ez al.,
1999);

e it is difficult to review a paper-prototype when users
and designers are not able to arrange a face-to-face
meeting; and

e  paper-prototypes may be difficult to relate to other
representations being used within design such as
detailed specifications of behaviour and functionality.

As pen-based interaction devices have become more widely
available, some systems have applied pen-based interaction in
interactive systems design. Examples include SILK and DENIM
(Landay, 1996; Lin et al, 2000; Newman et al. 2003) and
FreeForm (Plimmer & Apperley, 2003). These systems might be
described as supporting a form of ‘electronic-paper prototyping’.
Other work has also explored ways in which the benefits of
paper-prototyping might be realised in software prototyping
environments, without relying on pen-based interaction (van de
Kant et al., 1998; Nixon, 2001). These approaches overcome
some of the limitations of paper-prototyping. In particular, these
systems can make the dynamic behaviour of the proposed
system easier for users to perceive and can permit the prototype
to be distributed electronically. However, the designs of these
existing tools are primarily oriented towards the needs of people
directly involved in creating designs, rather than considering
how other stakeholders can provide inputs to design.

In this paper, we review three existing tools. We then introduce
the Gabbeh prototype, which we are using to explore how users
and other stakeholders could participate more actively in
‘electronic paper prototyping’.

2. EXISTING TOOLS

In this section we review three different tools that could be
described as supporting ‘electronic paper prototyping’.

2.1 DENIM
DENIM (Lin et al., 2000) is a sketching tool for designing web-
sites. DENIM is usually run on a graphics tablet such as a



TabletPC or a Wacom Cintiq. In DENIM users can sketch out
the overall structure of a site (a collection of pages); sketch the
contents of the pages as a set of ‘scribbles’; define hyperlinks
from scribbles in one page to another page; and then execute the
resulting hypertext in a reduced functionality browser.
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Figure 2: The DENIM sketching environment (Lin et al.,
2000)

Figure 2 presents a screenshot from DENIM. The slider bar to
the left of the screen allows the site to be viewed at different
levels of detail — varying from a site overview that simply
identifies the pages included, through a navigation view where
the overall navigation can be examined; down to a detailed view
where fine details of individual pages can be manipulated.

In the run mode DENIM uses a reduced functionality browser
where users can navigate using the defined links, and can
backtrack using a standard ‘back’ button. However, the user
cannot modify the designs in any way whilst in run mode.
Concequently, DENIM cannot be used to feedback comments to
the designers.

2.2 FreeForm

FreeForm (Plimmer & Apperley, 2003) is a tool for designing
Visual Basic forms by interacting with an electronic whiteboard.
Users draw their designs using specialised whiteboard pens, and
(when a specific button is pressed) the marks may be recognised
and replaced by Visual Basic user interface widgets.

FreeForm has two design views, a form view, in which
individual forms are created, and a ‘storyboard’ view in which
navigational links can be made between screens (Figure 3). In
FreeForm’s run mode, these navigable links are indicated by
specially coloured target areas.

FreeForm emphasises the evolution of the design by enabling
the conversion of pen-based marks into Visual Basic interaction
components such as check-boxes, drop-down menus, text fields
etc.

In its run mode FreeForm allows a user to add pen marks onto
an overlay of each screen. Plimmer & Apperley (2003) suggest
using this facility to simulate the user filling in text fields etc.
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However, the marks are held on a single overlay, and one button
press clears the overlay. Therefore, the marks cannot be treated
as separate 'comments’. Also, the marks are not visible when
FreeForm returns to the 'design' mode. Hence, FreeForm does
not provide a facility for recording the outcomes of the review.
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2.3 InDesign

Figure 4a: The navigational view in InDesign

InDesign (Nixon, 2001) takes a different approach to DENIM
and FreeForm. Rather than using pen-based sketching
techniques, InDesign allows designers to scan paper sketches
and then define navigational behaviour between these ‘states’.
Links are defined in a separate navigation screen (figure 4a)
where adding a link results in a transparent ‘target’ being created
in the source ‘state’. The user can then move or resize the target
to position it relative to the scanned image. Figure 4b shows
InDesign with two target areas highlighted. The area to the left
of the screen in figure 4a shows a list of all the available images
within the currently selected directory. These images can be
added to create new states. InDesign can be used with mouse
and keyboard, it does not rely on pen-based interaction devices.
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Figure 4b: Using InDesign to prototype modifications to
DENIM

Table 1 summarises the differences between these three systems
and compares them to traditional paper based media.

Paper | DENIM | FreeForm InDesign

Execution of N Y Y Y

design

Pen based Y Y Y N (can

sketching use
scanned
images)

Simulating Y N Y N

inputs

Use of images Y N N Y

from existing

applications

Annotate Y N N N

designs to give

feedback

Table 1: A comparison of existing approaches

3. ENHANCING PARTICIPATION

A striking common feature of DENIM, InDesign & FreeForm is
that all of the marks or notes made in these environments are
treated as part of the design (or as user input in the case of
FreeForm) and it is not possible to add any additional notes as
commentary on the design.

This contrasts with the authors’ experience of paper-prototyping
where post-it notes and hand written comments are common
means for recording design issues (e.g. a comment that certain
screens form a related group), indicating the status of parts of a
design (e.g. to be developed further), or for noting user
feedback. Green & Blackwell (1998) suggest that ‘secondary
notation’ which includes such annotation, is important in
exploration or modification of a design. Annotation is also a
common feature in modern document editing software.

The lack of the ability to annotate the design may severely limit
the ability of these ‘electronic paper prototyping’ systems to
support communication between different stakeholders in the
design process. None of the tools listed above permits users or
other stakeholders to give feedback directly through the medium
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of the prototype. Instead, any comment or feedback must be held
separately (for example in an audio recording or minutes of a
meeting), resulting in a difficulty in identifying the items to
which any comment refers. This problem will be particularly
acute if some stakeholders are not co-located with the designers.
By limiting the opportunity for users and other stakeholder to
communicate with the designers by reference to the prototype,
these systems appear to have overlooked one of the primary
benefits of paper-prototyping.

3.1 Gabbeh

Gabbeh is a prototype tool that extends the capabilities of
existing tools by supporting dialogues between different
designers, or between designers and other stakeholders. The core
innovation in Gabbeh is in allowing users to add arbitrary
comments either when the system is being designed, or when the
prototype is being executed.. Gabbeh is developed as an
extension of the DENIM environment.

Figure S5a shows an example of comments in the design view of
Gabbeh. The user can add arbitrary scribbles to a comment using
the same free-hand writing tool as is used to create elements in a
web page. A comment in the design view of Gabbeh can be
related to an arbitrary number of pages or to elements within a

page.
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Figure 5a: The Gabbeh design view

Each comment can be given a background colour. This is
intended to allow development teams to distinguish between
different types of comments, or perhaps between comments
from different speakers. A range of other attributes (such as
creation / modification dates could also be recorded to
comments) The usage of this feature is deliberately left open so
that users can adapt the tool to whatever work practices they find
appropriate.

Figure 5b shows how a user reviewing a design can view
existing comments related to a page. When the user selects an
existing comment, the points to which that comment refers are
marked by colour-coded numbers. s

Users reviewing the design can also add their own comments,
which are then available in the design view. In the current
prototype these comments are associated with a page but cannot
be linked at a more detailed level of granularity.
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Figure 5b: Reviewing & adding comments at run time

At the time of writing, Gabbeh is at an early stage of
prototyping. The design concepts have been developed from
discussions with designers of websites, desktop applications and
video games. Future possible enhancements will include being
able to import images of existing appliations so that the tool can
be used to support design evolution and redesign.

Once the basic functionality has been completed, we plan to
conduct evaluations using observational and co-operative
evaluation techniques to explore the use of the commenting
facilities in the context of both simulated and real design
practice.
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