
 
Journal of 

Visual Language and 

Computing 

Volume 2019, Number 1 



J.L. Pérez-Medina et al. / Journal of Visual Language and Computing (2019) 29–41

Journal of Visual Language and Computing
journal homepage: www.ksiresearch.org/jvlc

CROSSIDE: A Design Space for Characterizing Cross-Surface
Collaboration by Sketching
Jorge-Luis Pérez-Medinaa,∗, Jean Vanderdoncktb,∗∗ and Santiago Villarreal-Narvaezb
aIntelligent & Interactive Systems Lab (SI2 Lab), Sede Queri, Av. De los Granados, Universidad de Las Américas (UDLA), Quito 170504, Ecuador
bLouRIM Institute, Place des Doyens, 1, Université catholique de Louvain (UCL), B-1348 Louvain-la-Neuve, Belgium

ART ICLE INFO
Article History:
Submitted 4.8.2019
Revised 4.30.2019
Second Revision 5.20.2019
Accepted 8.15.2019
Keywords:
Design methodology
Displays
Gesture recognition
Graphical User Interfaces
Interactive systems
Pervasive computing
Ubiquitous computing

ABSTRACT
This paper introduces, motivates, defines, and exemplifies CROSSIDE, a design space for representing
capabilities of a software for collaborative sketching in a cross-surface setting, i.e., when stakehold-
ers are interacting with and across multiple interaction surfaces, ranging from low-end devices such
as smartwatches, mobile phones to high-end devices like wall displays. By determining the greatest
common denominator in terms of system properties between forty-one references, the design space
is structured according to seven dimensions: user configurations, surface configurations, input inter-
action techniques, work methods, tangibility, and device configurations. This design space is aimed
at satisfying three virtues: descriptive (i.e., the ability to systematically describe any particular work
in cross-surface interaction by sketching), comparative (i.e., the ability to consistently compare two
or more works belonging to this area), and generative (i.e., the ability to generate new ideas by iden-
tifying potentially interesting, under covered areas). A radar diagram graphically depicts the design
space for these three virtues to enable a visual representation of one or more instances.

© 2019 KSI Research

1. Introduction
In many domains of human activity, across them [1] and

within [2], sketching is largely used as a quick, efficient, and
cost-effective tool for expressing ideas, illustrating design
concepts and solutions as well as for sharing them with di-
verse people [3]. During the early stages [4] of product de-
velopment until its final completion, sketching immediately
plays some role when co-design is a must [5]. Sketching fa-
cilitates the sharing of abstract ideas and the insights inside a
teamwhile offering a common ground for the discussion, es-
pecially when the participants come from different cultural
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and social backgrounds. Sketching usually uses basic draw-
ings to foster everyone’s participation [6].

Sketching, as one particular form of drawing, belongs to
the first human intellectual skills and abilities that are ac-
quired even before speaking, writing, and precise drawing.
By one year, infants understand that a sequence of sounds
form a word that symbolically represents an action, a rela-
tion, or an object they can point to rather than reaching it.
Our human ability to perceive and to recognize elements in
a graphical representation is in itself a statement of the ex-
pression power yielded by such form of expression.

A sketch, coming from the Greek word �����o� (sche-
dios - done ex tempore), consists in a quick provisional free-
hand drawing executedwithout any constraint in anymedium.
A sketch may convey a message, record or develop an ab-
straction or may be used as a mean for explaining something,
for example an image. A sketch is considered as a very quick
drawing aimed at communicating a message, which can be
understood, misinterpreted, or even ignored. But there is al-
ways a message that is different from the one of a drawing.
For these reasons, within many professions such as indus-
trial and architecture design [5], representing actions, ob-

DOI reference number: 10-18293/JVLC2019-N1-016
29

www.ksiresearch.org/jvlc
http://investigacion.udla.edu.ec/udla_teams/jorge-perez
https://www.uclouvain.be/jean.vanderdonckt
https://uclouvain.be/fr/santiago.villarreal


J.L. Pérez-Medina et al. / Journal of Visual Language and Computing (2019) 29–41

jects, and their relations using different forms of sketches
such as drafts, blueprints, and prototypes, has always been
very important. They make visible the stakeholder’s contri-
bution, which could be different than expected.

The audience of stakeholders involved in sketching ac-
tivities is now wider. Consequently, the pool of software
tools to support collaborative sketching, both commercial
and from the academia, also becomesmore filled. Howmuch
sketching activities could be supported by collaborative tools
is therefore a key question addressed in this paper. Researchers
should be informed about capabilities of existing tools to up-
date their research agenda and to better understand similar-
ities and differences. Practitioners should also be informed
about which tool would match their requirements for con-
ducting collaborative sketching.

The remainder of this paper is structured as follows: Sec-
tion 2 reviews sketching across disciplines involving some
collaboration and discusses selected works; based on this,
Section 3 introduces, motivates, and defines CROSSIDE, a
design space for characterising capabilities of a software for
collaborative sketching; Section 4 exemplifies some instan-
tiations of this design space; Section 5 concludes this paper
by explaining how this design space could be systematically
used to describe, compare, and invent tools for collaborative
sketching on multiple surfaces of interaction.

2. Related Work
In Information andCommunications Technologies (ICT)

as well as in computer and software systems engineering,
a significant amount of resources is devoted to designing a
concept, a service, a solution which could be later on re-
vealed as inadequate. This could happenwhen the functional
requirements are not satisfied, when the user experience is
not met, or when the concept is simply not technologically
feasible or too expensive. When such as mismatch is discov-
ered late in the development life cycle or after the deploy-
ment, adapting what is required to be changed represents a
high cost.

Early sketching in the development life cycle helps creat-
ing alternative solutions and comparing them. It helps to en-
sure that the right approach to design the right solution is put
in place. It keeps the design and development right. With a
sketch, designers and other stakeholders are able to identify
figures, arrows, symbols and other elements that were de-
liberately chosen by a computer actor to communicate with
stakeholders, to illustrate the requirements and share design
ideas. It is more efficient and effective than any textual,
graphical or formal specifications.

By using sketches, designers become more motivated,
more creative, and perhaps more able to address the chal-
lenges of creating a successful design, and thus to produce
a better design outcome [7]. By definition, prototypes are
scaled-down versions of what will be built. Designers use
them because they are faster and cheaper to create than the
final blueprints. Sketching is a quick provisional drawing, it
therefore matches the requirements of prototyping [3].

In Human-Computer Interaction (HCI) design, Collabo-

rative User-Centered Design (CUCD) process suggests us-
ing sketch to understanding and designing all the aspects
of a user interface (UI) design and for getting involved a
wide community of stakeholders, such as, but not limited to:
user researcher, information architect, user interface interac-
tion designers, user testing specialists, software developers,
marketing personnel and software products leaders. Early
sketches inform the development of User interface concep-
tual, interaction style, and even other related material such
training resources, support services, online help, etc. UI us-
ability can be seen as a design problem of “wicked nature”,
as a problem to be solved – the more you try to solve the
problem, the more you discover the complexity of the UI us-
ability andmore you are able to suggest solutions in the early
design phase of the CUCD life cycle. This is because usually
original usability problem has implications/consequences that
cannot be known in advance. Sketches have been shown
very powerful to build a consensus and a trade-off when
usability problems are conflicting with other major quality
factors, such as security. A UI sketch reveals how much a
system could be usable, secure.

Sketching is the practice of drawing a rough outline or
rough draft version of a final piece of art. Sketching is an
aid to thought. Sketches are used as a mean of designing.
Design by sketching has its foundations on the participatory
design approach [8] in which a person not trained, qualified
or experienced is an active and essential participant in the
design process. As a communication tool, sketching can be
used as a way of graphically specifying abstract ideas. It is a
message from the designer to stakeholders. It can be under-
stood by the receiver, misinterpreted, or ignored, but there is
definitely a message. This message must be validated when
there is a consensus to be achieved between the designer and
someone else, for which designers often use limited or scaled
versions of what is being designed.

A common ground to disciplines relying on is that stake-
holders, particularly designers and end-users, whatever their
background and skills in sketching and design are, feel ac-
tively engaged [9]. End-users help in materializing some re-
quirements such as usability [10]. Designers then annotate
original sketches introduce by end-users, add illustrations,
and further develop them. They usually proceed by itera-
tively sketching a concept at different levels of abstraction
[11]. Ambler [12] defines UI Prototyping as an iterative an-
alytical technique in which end users are actively involved,
namely by providing feedback since the early development
stages and continuously afterwards.

Sketching covers many domains of human activity and
inside these domains, there are several works exploiting some
form sketching for one or many sub-activities such as for ex-
ample: problem analysis in general [13], computer science
[2] (e.g., user experience support [14, 15], user interface de-
sign, prototyping, and recognition [16, 17, 18, 19, 20, 21,
22], cross-device UI design [4], user-centered design in agile
projects [23, 24], systemwalkthrough [25]), system develop-
ment (e.g., QUILL [26] for model-based design of web appli-
cations), flexible modelling [27] (e.g., FlexiSketch [28, 29]
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for model sketching), RAPIDO [30] for web API develop-
ment, sketching UML models (e.g., TAHUTI for sketching
UML Class diagrams [31] and SketchML for various UML
diagrams [20]), distributed software design [32, 33], task
modelling [34], notation creation [29]), computer-supported
collaborative work [35] (e.g., stakeholders’ meetings [36],
collocated tables for meetings [37] and interactive design
spaces [38]), product and service design (e.g., sketching in
design [35], extreme designing [39], industrial design [5],
shape-changing products [40]), public displays [41], learn-
ing (e.g., classroom design studio [42], teaching geometry
[43]), ideation [44] and concept generation [7], knowledge
design, capture, and sharing [1], design in any area of engi-
neering [7] (e.g., knot diagramming [45]). From these refer-
ences, we can observe that a significant amount of work has
been devoted to using sketching as a way to support collabo-
ration among stakeholders during the software development
life cycle, starting from requirements engineering to detailed
design. It is particularly useful for those stages involving
some form of graphical representation of artifacts, whether
they are informal (as a screen shot or wireframe) or formal
(e.g., a UML model). Many techniques have been success-
fully reported for expressing sketch grammars [6], with the
need to take into account the context of use (i.e., the user, the
devices/platforms, and the environment) [46] to get context-
aware sketching [43].

3. A Design Space for Cross-Surface
Collaboration by Sketching
Wedetermined the greatest common denominator in terms

of properties between the 41 aforementioned references, in-
dependently of their domain, provided that collaborative sketch-
ing is involved to some extent. This identification resulted
into CROSSIDE, a design space expressing collaborative sketch-
ing according seven dimensions represented clockwise in Fig. 1:
user configurations, surface configurations, input interaction
techniques, workmethods, tangibility, layout, and device con-
figurations. Each dimension is organized according to a pro-
gressive degree of sophistication: each step starts from the
simplest value found in the literature until the most sophis-
ticated degree.

We considered this representation as adequate to satisfy
three virtues that are considered important to characterize
interaction as a model [47]: descriptive (the design space
should be able to describe any work on collaborative sketch-
ing based on these seven dimensions), comparative (the de-
sign space should be able to compare two or more works
on collaborative sketching to identify their similarities and
differences and foster consistency based on the previous de-
scription) and generative (once a comparison is performed,
the design space should be able to identify undercovered ar-
eas and generate new and interesting ideas, configurations).

These seven dimensions are not intended to be completely
independent of each other. Rather, they are aimed at serving
these three virtues. Moreover, a radar chart can be effec-
tively used to graphically represent the values along these
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Figure 1: A design space for Cross-Surface Collaboration by
Sketching.

dimensions by representing them on axes starting from the
same origin. The steps on each dimension are not intended to
be aligned or to be corresponding by concentric level. There-
fore, steps joined on a same circle are not necessarily depen-
dent, they only represent some progression.
3.1. User Configurations

The user configurations provide multiple ways to carry
out a task by different stakeholders. Sincemany people could
be located in different places, possibly at different levels of
various organisations, the design space should consider the
group configuration. Fig. 2a depicts various configurations
among stakeholders involved in a distributed task [9]: indi-
vidual (one task is carried out by one person in a group),
within groups (one task is distributed across persons of a
same group in the organisational structure), group as a whole
(one task is carried out by one group of persons, indepen-
dently of its internal organisation), among groups (one task
is passed from one group to another), within organisation
(one task is distributed across entities of the organisational
structure), among organisations (when one task is distributed
across several different organisations, all having their own
internal structure), and between organisations and their en-
vironment (when tasks are exchanged between organisations
and their common environment). Collaborative sketching
requires stakeholders within groups because sketching tasks
are distributed across people of a same group of the same
organisational structure or not.

Fig. 3 graphically depicts an evolutive scale of the user
configuration for different user configurations with respect
to number of sessions and scenarios: an isolated stakeholder
working alone, an individual stakeholder working as a group
member, a single group of stakeholders, multiple groups of
different stakeholders, multiple groupswithin the same orga-
nization (e.g., a group of representative end-users in a bank
vs a group of interaction designers in the same bank), several
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Figure 2: Crosside dimensions: (a) the “user” dimension, (b) the “work method” dimension, (c) the “surface” dimension, and
(d) the “device” dimension.

Figure 3: User configuration with sessions, stakeholders, and
scenarios.

groups across organizations (e.g., an association of interac-
tion designers in a particular domain of human activity) or
the whole world (e.g., a community of practice could be de-
veloped that gathers people involved in a particular family
of designs).
3.2. Surface Configurations

The surface configurations express a hypothetical dis-
tance between a stakeholder working alone andmultiple ones
collaborating in a personal, social, public or remote envi-
ronment, thus touching the notion of territoriality. Fig. 2c
differentiates configurations depending on concentric spa-
tial zones centered around the stakeholder. The distance at
which users feel comfortable interacting with others in table-
top environments depend on age and culture [37]. This study
has contemplated the type of task or activity in which the
users are engaged to influence tabletop design. In a com-
pletely isolated or close intimated space, a user works with
personal interaction surfaces [48].

For example, a collaborative sketching system enables
users testing UI prototypes on any surface size if the user
is completely isolated. When users require a close intimate
space, tiny or small surfaces will be used instead because

they facilitate face-to-face collaboration and eye-contact [5].
Stakeholders who are not designers or developers usually
come to meetings with their own interaction surface (e.g.,
a smartphone, a tablet) and would like to see the UI pro-
totype on their very right devices, even if they drew some-
thing on another, possibly larger, surface. Personal spaces
offer more ample possibilities than intimate spaces because
users sitting around a table or standing side-by-side can share
work-spaces by using multiple displays, large, or extra large
desktops, tabletops, and wall screens. The social space takes
place in a business-based interaction. Stakeholders and final
users could interacting in shared work-spaces by using large
tabletop display or wall screens.

For example, a social space is adopted when some kind
of multiple user’s interactions in taking place in a space be-
tween 1.2–3.6 m. Public space allows the user to interact
with a sizable audience. In this context, the users make use
of multiple display. Small surfaces allow manipulation of
the work-space, while large surfaces serve to display the in-
formation to the entire audience. Informational wall sur-
faces, like public displays [41], provide shared views to the
users standing far away from the display. Interactive walls
enable users to walk up to the display and interleave interac-
tion and discussion among participants. Finally, in remote
spaces, users share work-spaces with same or different times.
A collaborative sketching system could offer most surface
configurations. Stakeholders interact simultaneously with
any device. In a collaborative session, users can sketch scenes
in a private way or separated into small groups, perform a
task privately and then communicate the results to all stake-
holders [11]. They can interact using integrated environ-
ments composed of horizontal or vertical displays regardless
of the dimensions of these devices.
3.3. Input Interaction Techniques

The input interaction techniques express the sophistica-
tion degree with which sketching is supported, ranging from
an indirect manipulation to full direct manipulation. This
dimension takes into account the use of materials and the
naturalness of the interaction. A classical indirect pointing
device is the “mouse” because its locus of control (i.e., the
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physical space in which actions occur) is different from or
outside the locus of application (i.e., where the actions are
applied). “Pen-based” interaction enables the user to inter-
act with the device by using a passive or active stylus rather
than a mouse. While pen devices initially supported indirect
manipulation, they now support direct manipulation, namely
by touch technology, regardless the fingers or the pointers in-
volved. The “glove” considers the family of lightweight and
stretchable devices that combines hand posture sensing and
tactile pressure. Manipulation is direct, by device interme-
diation, like with smartwatches, armbands, and rings. “Tan-
gible” devices naturally offer direct manipulation by con-
necting objects and surfaces to digital information. Tangi-
ble UIs typically work on tabletop surface and embed the
tracking mechanism inside or outside the surface [49]. The
“finger” considers situations where the end user interacts di-
rectly with the surface by finger tracking. This dimension
could be extended to using the whole hand, but requires tech-
nologies for hand pose recognition. The last step, i.e. “full
body”, involves full-body gesture recognition, but its bene-
fits for sketching are yet to be demonstrated.
3.4. Work Methods

The work methods characterise how interaction surfaces
are spatially arranged according to a territoriality in the en-
vironment and how these environments are connected to-
gether (e.g., through Wi-Fi, LAN, WAN). Interaction sur-
faces could be tiled, coupled, uncoupled, or positioned side-
by-side [48]. This dimension subsumes the physical location
of each surface and how it is positioned (i.e., vertically, hor-
izontally, in an oblique way). The dimension also considers
the devices configurations of the five categories of technolo-
gies for collocated collaborative work classified by Wang et
al. [5] namely: horizontal displays, large vertical displays,
multiple displays, tangible interfaces, and integrated envi-
ronments. Fig. 2b depicts typical setups of single and multi-
ple users. Users can work alone in their own organisations.
Multiple users work in corporate environments [9]: hallway
(when an environment consists of any informal place where
users could meet), individual in the office (when an envi-
ronment only accommodates one user at a time, although
this user can change over time), meeting (when the environ-
ment accommodates several users at a time for conducting
a meeting), get together (when the environment accommo-
dates several users for collaboration in general), ongoing in-
teraction (when different environments involve many differ-
ent users).
3.5. Tangibility

The tangibility dimension expresses to what extent the
materialization of collaboration space is digital, physical, or
mixed, ranging from applications in digital environments to
the use of shape-changing devices. Digital environments de-
fine most classical applications where UI can be 1D (based
on lines), 2D (based on surfaces), 2D1/2 (based on a space
projected onto a surface) or 3D (in space). 1D UIs are typ-
ically based on command lines or instructions. In digital

environments, users interact with a minimal immersion de-
gree. Information is presented as a stream of characters in
a text terminal. 2D UIs are incorporated in an environment
based on conventional bi-dimensional representations where
the interaction techniques are supported by events. Their
widgets and their composition enable creating complex in-
terfaces. The 2D1/2 and 3D interfaces extend classic GUIs
with the notion of overlap and depth perceptions.

Virtual describes real environments simulated by a com-
puter where users are involved with a high immersion de-
gree. Users interact with virtual objects in an infinite 3D
space. On the opposite of the dimension, applications are
developed in real environments and use of mechanisms to
increase the perception of the user. Augmented Virtual are
applications including virtual worlds generated by a com-
puter. These applications incorporate virtual reality to re-
place the physical world and the virtual world predominates
over the real. Augmented Virtual extends the physical real-
ity perceived by incorporating virtual objects into the phys-
ical world, thus increasing the degree of immersion. In con-
trast, Augmented Real considers an otherwise real environ-
ment augmented by means of virtual objects [50]. In the
Augmented Real, virtual objects increase the real world, the
dominant medium.

Tangible UIs give physical form to digital information,
employing physical artifacts both as representations and con-
trols for computational media [51]. This is further refined
into four steps depending how tangible objects are material-
ized: real tangibility, stable physicality, elastic physicality,
and plastic physicality. Real tangibility attempts the repro-
duce the physical behavior of a real world object into the
tangible object, or a sub-set of it. Stable physicality occurs
when tangible objects never change their behavior, whether
the are expected to mimic some real work or not. Elas-
tic physicality groups all environments that use both phys-
ical materials with computational analysis and simulation.
These environments are used to understand and represent
the world. Plastic physicality occurs in the area of shape-
changing UI, where the devices are artifacts whose surface
and/or volume can be articulated and modulated with their
spatial domain [40]. In physics and materials science, the
physicality property is one form of adaptation, which could
be decomposed into threemajor properties: plasticity, which
describes the deformation of a material undergoing (non-
reversible) changes of shape in response to applied forces;
elasticity, which is the tendency of solid materials to return
to their original shape after being deformed; and viscosity,
which expresses to what extent a material is resistant with re-
spect to deformation. Solid objects will deform when forces
are applied on them ; if the object is elastic, it will return
to its initial shape and size when these forces are released.
These two terms can be used for tangibility.
3.6. Layout

The Layout dimension refers to the facility layout con-
cept [52] borrowed from Production and Operations Man-
agement aimed at optimizing the physical arrangement of
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resources (e.g., a machine, a device, an operator) to maxi-
mize the quality and the quantity of the output, while mini-
mizing the cost of involved resources. The different types of
layout are [52, 53]:

• Process layout, when all resources performing simi-
lar type of operations are grouped at one location ac-
cording to their functions. In our case, this means
that all human, software and hardware resources re-
quired for each phase are gathered in the same place
to support the collaboration, such as all resources for
design in one place while development occurs in an-
other place. The flow paths of information from one
functional area to another vary from product to prod-
uct. Usually the paths are long with backtracking pos-
sible.

• Product layout, when all resources are located accord-
ing to the processing sequence of the product. In our
case, resources are gathered in one location at a time
depending on the phase and the locations are arranged
in a sequence that follows the product life cycle, such
as requirement, early analysis and design, advanced
design, development, deployment, evaluation.

• Combination layout, when input to be processed come
in different types and sizes. The combination layout
is process layout where resources are arranged in a
sequence to produce various types and sizes of prod-
ucts. The sequence of phases remains the same for the
products having different types (e.g., only designing a
concept vs sketching and designing) and sizes (e.g.,
sketching the home page of a web site or sketching
the whole web site).

• Fixed position layout, when major physical resources
remain in a fixed location (e.g., devices and platforms
for sketching) and human resources are sent to this lo-
cation depending on the phase. For example, a table-
top setup for collaborative sketching is heavy to move
from one location to another and complex to re-calibrate,
therefore stakeholders are brought to this location to
ensure the phase. On the other hand, a small mobile
sketching station could move from one location to an-
other.

• Group layout, when product and process layout are
combined in a particular layout called cell that satisfy
a predefined set of requirements.

• Group Technology layout, when a group layout emerges
from so-calledGroup Technology [53], which is aimed
at analysing and comparing items to group them into
families with similar characteristics. Families of in-
puts sharing similar requirements are grouped into cells,
each cell being capable of satisfying all the require-
ments assigned to it. For example, phases sharing sim-
ilar user requirements, even from different projects,
will be conducted in the same place with the same re-
sources.
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Figure 4: Quadrant of the four configurations.

Figure 5: Example of a SUSD configuration: one user with
one device among several.

3.7. Device Configurations
The device configurations refer to the surface size of de-

vice independently of their density and orientation. Fig. 2d
depicts the different dimensions for the device configura-
tions. The sizes are categorized by generalised dimensions
ranging from tiny to wall screen. A system could run on a va-
riety of devices offering different sizes, performing scaling
and resizing to accommodate variations induced by different
screens. Four typical configurations based on stakeholders
(or users) and their surfaces therefore emerge (Fig. 4):

1. Single user-Single device (SUSD): a single stakeholder,
such as an end-user, is working in isolation on one de-
vice only to sketch a UI (see figure 4 - top left). This
device could be the very right device on which the fi-
nal UI should run or another one. Therefore, this con-
figuration is appropriate for conducting the sketching,
prototyping, and testing activities as defined.

2. Single user-Multiple devices (SUMD): a single stake-
holder is sketching on multiple devices either simul-
taneously or asynchronously in order to assemble the
various sketches into a coherent design scenario (see
figure 4 - top right). Therefore, this configuration is
appropriate for conducting the sketching, prototyping,
and sharing/testing activities.
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Figure 6: Example of a SUMD configuration: one user sketch-
ing on one device (a tablet) and testing on another (a wall
screen).

3. Multiple user-Single Device (MUSD): several stake-
holders share a same device in order to interact to-
gether and to come up with an agreement on some
design questions (see figure 4 - bottom left). This con-
figuration is expected to mimic the classical white-
board configuration where different stakeholders are
together in front of a whiteboard and sketching things
all together. Therefore, this configuration is appropri-
ate for supporting the sharing/testing and discussing/reflecting
activities, while it could be also used for the sketching
and prototyping activities, but not primarily.

4. Multiple users-Multiple devices (MUMD): several stake-
holders exploit private and public devices to apply any
decided modification on the design scenario (see fig-
ure 4 - bottom right). They could perform these ac-
tions first on their own private device (e.g., their tablet),
and then propagate modifications to the whole sce-
nario (displayed on a wall screen). They straightfor-
wardly interact on the public device to collect immedi-
ate feedback from other stakeholders. Therefore, this
configuration is appropriate for supporting the shar-
ing/testing and discussing/reflecting activities.

3.8. Building process of the Design Space
The design space has been built by identifying the great-

est common denominator of software features described from
forty-one references in various domains. The process fol-
lowed to build the design space was basically a middle-out
approach that combines two sub-processes, while trying to
satisfy the principle of separation of concerns regarding the
three main aspects of a context of use (e.g., users and their
interactive tasks, their platforms and devices, their physical
and organisational environments [46]):

1. A bottom-up approach consisting of browsing each
reference at a time, identifying any high-level factor
supporting collaborative sketching by separating them
for users, platforms, and environments. All values
found for each factor were collected in the same set.
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Figure 7: Crosside instantiation for Gambit.

2. A top-down approach consisting of determining such
high-level factors by looking after a theoretical defini-
tion in the literature.

For example, the “User configurations” factor was iden-
tified among several references, therefore encouraging us to
find a taxonomy that is relevant enough to express values
found for this factor. We discovered a similar concept in
Mandviwalla and Olfman [54]. To make it suitable for our
purpose, we expanded the possible values from values col-
lected in the references andwe adapted the definition accord-
ingly to make it categorical. Fig. 2a graphically represents
the resulting factor presented as a progressive dimension.

Another example is related to the “Surface configura-
tions” factor. By extracting from each use case found in ev-
ery reference, we wanted to categorise the surface projected
on the ground that delineates the interaction space. When
only one person is involved in a sketching, there are vari-
ous comfort zones from social psychology. When several
persons are involved in a collaborative sketching, the way
they interact with their system depends on what they want
to do with their sketch. The sketching activity itself is more
frequently found in small surfaces, while sharing and dis-
cussing the sketching is more frequently found in medium
to large surfaces. The scope of the input and the output de-
termines the surface.

4. Instantiation of the Design Space
This section first instantiates CROSSIDE on GAMBIT, one

of our systems for collaborative sketching, to check how the
descriptive virtue is addressed. It then performs the instanti-
ations for the external tools: BELONGINGS [55], SKETCHML
[20], FLEXISKETCH [28, 29, 56], CALICO [57] and EVE
[22]. For the instantiations of each of the tools, we super-
impose the first drawing to address the comparative virtue.
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At the end, all instances are presented in the same design
space allowing to see their similarities and differences.
4.1. The CROSSIDE instantiation for GAMBIT

GAMBIT1 (Gatherings And Meetings with Beamers and
Interactive Tables) [11] is a freely accessible2multi-platform
HTML5 environment for collaborative design by sketching
for UI design, but not only, by supporting (Fig. 7):

• Multi-fidelity: it should enable stakeholders to provide
material at any level of fidelity and to easily switch
from one level of fidelity to another.

• Multi-format: while sketching remains at the heart of
the service, it should accommodate various formats of
data both as input and as output.

• Multi-session: it should offer the possibility to create,
edit, one or many sessions simultaneously.

• Multi-scenario: within a single session, it should be
able tomanage several alternate scenarios at once, namely
by representing explicitly the different scenarios and
by linking them. For instance fork and join mech-
anisms could be used to map scenarios together and
create different design paths for idea writing. Differ-
ent stakeholders make explicit more design ideas so as
to generate new design paths that were remained under
explored before. This is very important to avoid the
“Do not fall in love of your own design” observation:
once a design alternative is selected as an official one,
some stakeholders tend to keep it (they fall in love of
their design) and to spend remaining time in refining
this design as opposed to exploring alternate designs.

• Multi-stakeholder: a same session could be created to
involve awide community of stakeholders whose roles
and responsibilities may evolve over time. When the
role or the responsibility of a stakeholder changes de-
pending on the context of the problem, the tool should
accommodate these changes flexibly.

• Multi-access: each stakeholder should contribute to
a design session with her own devices. End-users as
well as designers tend to create smaller sketches on
small screen devices and larger sketches when the in-
teraction surface increases, without necessarily adding
more details. Multi-device is equally important to sup-
port cross-device interaction, e.g., when a stakeholder
may switch from one device to another while partici-
pating in the same session, but with different roles.

1The word “gambit” is used in chess in reference to a movement in
which the player sacrifices a piece, usually a pawn, in exchange to some
future advantage; in user interface design the gambit would be made by the
designer who sacrifices sketches in exchange to know in advance how the
interface would function in the hands of the end-users, allowing her to learn
from the eventual observation of this usage.

2Accessible at http://gambitsketch.appspot.com/
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Figure 8: Crosside instantiation for Belongings superim-
posed to the instantiation for Gambit.

4.2. The CROSSIDE instantiation for BELONGINGS
BELONGINGS [55] consists of an interactive tangible table-

top surrounded by multiple interactive surfaces and smaller
devices for collaborative query by sketching. The table was
installed in a museum and designed to communicate indige-
nous traditional knowledge and cultural values. Fig. 8 de-
picts the design space instantiated for this environment su-
perimposed on the previous one (Fig. 7) to compare the cov-
erage of both tools. BELONGINGS can be operated in a fixed
tabletop by two users working together in a social context.
Unlike GAMBIT, BELONGINGS supports the use of tangible
devices, thus being better with that respect on the dimension.
Both software share a participatory design [8] approach as
part of the development process: designers and final users
work together to produce the final application.
4.3. The CROSSIDE instantiation for

FLEXISKETCH
FLEXISKETCH [28, 29, 56] comes in two versions: the

first uses tablets as sketching media and supports inexpen-
sive, mobile sketching at any time and in any place, while
the second version, known as “FlexiSketch Desktop”, runs
on electronicwhiteboards and provides awide screen for col-
located meetings. Multiple tablets can be connected to the
desktop version over Wi-Fi, thus enabling end users to col-
laborate and simultaneously work in the same workspace re-
gardless the multiple screens they are using. FLEXISKETCH
enables participants to edit the workspace simultaneously,
offers shared and private views, and allows groupwork and/or
facilitating individual work. Fig. 9 depicts how FlexiSketch
is instantied on the design space. As a way for comparison,
the instantiation ofGambit is also superimposed. FlexiSketch
and Gambit have the similarities of considering the partici-
patory design as part of the development process. Both tools
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Figure 9: Crosside instantiation for FlexiSketch on Gam-
bit.

allow multiple concurrent accesses through the simultane-
ous use of multiple devices.
4.4. The CROSSIDE instantiation for CALICO

CALICO [57] is a free hand rapid design tool supporting
early software design activities to be used with touch screen
interfaces, such as interactive whiteboards and tablet PCs.
CALICO enables designers creating designs on multiple can-
vases based on a client-server architecture, supporting up
to 20 simultaneously active users [58]. A CALICO client
is portable, supporting computers connected to electronic
whiteboards, laptops, and tablets. Thus, CALICO supports
collaborative work across multiple devices, allowing multi-
ple designers to work synchronously on the same canvas or
asynchronously on different canvases. This allows designers
working in a group to branch off to their own canvas. Fig. 10
combines the instantiations of CALICO and GAMBIT.
4.5. The CROSSIDE instantiation for SKETCHML

SKETCHML [20] is a framework that offers the ability
to define and recognize every kind of 2D graphical library,
by using freehand drawing, to be used in the construction
of user interfaces. The framework uses an empirical lan-
guage based onXML. It language allows the compatibility of
SketchMLwith other applications and services through vari-
ous devices. Fig. 11 combines the instantiations of SKETCHML
and GAMBIT.
4.6. The CROSSIDE instantiation for EVE

EVE [22] is a Sketch-based prototyping workbench that
facilitates end-users to define their design through a set of
low-fidelity sketches. The Low-fidelity representations are
recognized and translated inmediumfidelity representations,
as well as in high fidelity prototypes. End-users realize the
representations in a canvas of two dimensions. End-users
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Figure 10: Crosside instantiation for Calico superimposed
to the instantiation for Gambit.
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Figure 11: Crosside instantiation for SketchML superim-
posed to the instantiation for Gambit.

can navigate through the three levels of loyalty. At each level
it is possible to make the desired changes. For each of the fi-
delity, end-users can operate three modes. The design func-
tionality, the configuration of the interaction and the preview
of the prototype. Fig. 13 combines the instantiations of EVE
and GAMBIT.
4.7. The comparative virtue of CROSSIDE

Fig. 14 combines all the instantiations of tools studied
insofar in a radar diagram to facilitate the visual compari-
son of the tools (provided that they are not too numerous),
such as the similarities and differences. The goal is to satisfy
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Figure 12: Meeting work method for Gambit.
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Figure 13: Crosside instantiation for EVE superimposed to
the instantiation for Gambit.

the comparative virtue of the design space, not to promote
an ideal tool being the best along all dimensions. Rather,
some tools are more advanced along some dimensions, say
the “Device configurations”, while others are targeting more
flexibility for other dimensions, like “User configurations”.
For example, the range of “Device configurations” is well
covered by both GAMBIT and CALICO, up to the three first
steps of “Work methods”. Fig. 12 illustrates the “Meeting”
workmethod, where two designers share a tabletop for sketch-
ing a prototype by pen that is rendered in real-time on the
smartphone of an end-user. Sketching is in direct manipu-
lation: the designer is sketching directly on the tabletop and
manipulating the sketch in the same way.
4.8. The generative virtue of CROSSIDE

A close examination of Fig. 14 leads to the observation
that some dimensions are pretty well covered, like “Device
configurations” and “Surface configurations”, some others
are moderately covered like “Layout”, “Work methods”, and
“Input interaction techniques” while the remaining ones are

limited, such as “User configurations” and “Tangibility”. This
suggests that these dimensions are welcome to be explored
in further activities of a research agenda.

Regarding the “User configurations” dimension, we ob-
serve that the maximum step is “Within groups” because ex-
isting software do support multiple users (as represented in
Fig. 4), but do not explicitly record and maintain the organ-
isational structure among stakeholders. Their roles remain
undifferentiated and the organisation structure is absent. A
possible extension along this dimension would incorporate
the explicit definition of such a structure, along with the
roles played by stakeholders, especially in teams distributed
in time and space. In this way, various types of organiza-
tions could be included, such as design teams, development
companies like off-shore companies.

Regarding the “Device configurations” dimension, we
observe that this dimension is the best one covered in the de-
sign space since the ultimate step is reached. Indeed, most
software accommodate various types of devices and plat-
forms, usually in a multi-platform or cross-device fashion.

Regarding the “Input Interaction techniques” dimension,
themaximum step reaches finger-based interactionwhen draw-
ing or sketching is conducted based on the physical move-
ments of fingers, usually represented as uni- or multi-stroke
gestures, thus limiting the interaction to 2D. 3D interaction
is not really exploited, unless it is for the purpose of 3D ob-
jects. One could imagine for instance full-body gesture in-
teraction to enable stakeholders to arrange pages of a web
site dynamically in front of a wall-screen instead of moving
them by point and click.

Regarding the “Work methods” dimension, the typical
method observe seems to be “Ongoing interaction”, which
means that interaction capabilities remain opportunistic and
constant whatever the phase is and whoever the stakeholders
are. Some software support design history with do, undo,
redo (e.g., by replaying the sketching actions), but this ac-
tivity is not synchronized with a software management tool
or with a document sharing system to store the current sta-
tus of a design. However, most software includes a facility
to export its contents to be integrated in the software docu-
mentation.

Regarding the “Tangibility” dimension, we notice that
this is the most limited dimension in all tools examined so
far: most of them represent digital solutions where sketch-
ing is achieved on a 2D surface with limited beautification
performed in this space. There are probably other tools for
collaborative sketching in 3D exhibiting the capability to vir-
tually augment the real world, but they do not belong to our
initial list of references. For the practitioners, this means that
no tool is available today to fulfill these needs. The design of
interest remains also only digital. Although some software
exist that address the needs of physical-digital interfaces or
objects, such as so-called phygital objects, they are not inte-
grated with collaborative design tools.

Regarding the “Layout” dimension, it is difficult to as-
sess this dimension since the physical setup and arrangement
of interaction surfaces and their users is not explicitly repre-
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sented, as in a design topology. Most interaction surfaces
are mobile or partially mobile, thus enabling them to be re-
arranged depending on the requirements of the phase. But
there is no explicit mechanism to represent the requirements
of a design that would be turned automatically into a physi-
cal configuration to support it. Instead, stakeholders change
the layout themselves depending on the constraints they per-
ceive, apart from fixed or heavy interaction surfaces that are
only found in dedicated locations. An interesting extension
her would be to explicitly consider the notion of territoriality
[59] to express the public, private, and common spaces for
collaborative actions that would be then transformed into an
adaptable layout of interaction surfaces.

Regarding the “Device configurations” dimension, the
covered part shows again that a wide range of device is typ-
ically supported, ranging from small to very large devices.
This is especially the case when such devices benefit from a
HTML5-compliant browser that enables them to communi-
cate easily.

The design space obtained so far only reflects some sig-
nificant dimensions identified among a set of forty-one ref-
erences considered as representative instances of collabora-
tive sketching in various domains of human activity, ranging
from learning to industrial design. While this set of refer-
ences covers several domains, we do not argue that its cov-
erage is complete or representative enough of the vast ma-
jority of tools of interest. Therefore, our next step consists
of conducting a Systematic Literature Review (SLR) [60] for
identifying references relevant to collaborative sketching for
multiple purposes:

1. To expand the coverage of reviewed works from our
41 selected references to a larger panel.

2. To address the reproductibility of the procedure for
guaranteeing the coverage of the design space.

3. To address explicitly the generative virtue by discussing
themost promising configurations on this design space
which may serve for a research agenda in the near fu-
ture.

For the moment, we can superimpose the instantiations
of the design space performed for the 41 references. On one
hand, this superimposition enables us to identify portions of
each dimension that are more or less frequently covered, or
not covered at all. But this analysis considers only one di-
mension at a time, which may be considered as reductive.
On the other hand, the superimposition also enables us to
identify the configurations that are the most or the least fre-
quently adopted by tools. This does not mean that they are
appropriate or not, but simply the coverage could be dis-
cussed. We prefer to perform this analysis on a set of ref-
erences resulting from the SLR instead of our initial set.

5. Conclusion and Future Work
We presented CROSSIDE, a design space for represent-

ing capabilities of a software for collaborative sketching in
a cross-surface setting. This design space consists of seven
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Figure 14: Crosside instantiations for Belongings,
FlexiSketch, Calico, SketchML, EVE and Gambit all
combined at once.

dimensions (i.e., user configurations, surface configurations,
input interaction techniques, work methods, tangibility, lay-
out, and device configurations) resulting from a compara-
tive analysis of 41 references in the domain. Each instantia-
tion of these 41 references on the design space is graphically
depicted as a radar diagram, which visually supports three
virtues: descriptive, comparative, and generative.
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