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Designing augmented and tangible experiences that intertwine human practices and expectations,
interaction spaces and complex digital artifacts is a complex and multifaceted task that relies
upon iterative and multidisciplinary ideation processes. Design thinking techniques have been
traditionally used in ideation of such digital artifacts. In this paper, we posit that integrating some
software engineering practices can improve ideation by providing a structure to the process and
helping to build a shared and permanently documented design rationale. It is not a matter of
software engineering versus design thinking but a question of developing a holistic understanding
of technological development where discipline and creativity, rationality and emotions and quality
centered and people centered coexist. Based on this assumption, we conceived a software tool
called CoDICE that offers a virtual co-design space where augmented digital experiences are
documented and analyzed in a shared and distributed way. The paper discusses how CoDICE
contributes to alleviate some problems of co-design events including the need to support multiple
co-design spaces, make explicit the co-design process and its goals, support documentation, justify
design decisions, explore multiple ideas and generate a shared representation of the outcomes.
Two scenarios are used to illustrate the tool utility: short-term co-design workshops in which
the tool enabled multidisciplinary teams of novice designers to explore and structure their ideas
and a long-term co-design project where the tool facilitated traceability, documentation, the reuse
of design components and the shared elaboration of the design rationale and evolution of the

deployed technologies.

HIGHLIGHTS

• A distributed virtual space to document and elaborate further design constituents
• An approach to integrate software engineering practices without compromising creativity
• Some challenges in co-design events with multidisciplinary and novice participants are addressed.
• A number of design boundary objects push reflection upon technological interventions from different
perspectives including the scenarios of use, goals or potential users.

• Utility in long-term project and short-term events has been analyzed.
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1. INTRODUCTION
Ubiquitous, augmented and social computing are creating a
rich technological substratum to improve human experiences
in all walks of life, from education, to work, leisure, healthcare
and any other kind of mundane activity. Designing such expe-
riences implies intertwining human practices and expectations,
spaces and complex digital artifacts into cohesive interaction
ecosystems in which three agents (namely people, technologies
and spaces) and their interrelationships should be taken into
account (Terrenghi et al., 2009). The design focus is moved
from technology deployment to devise how the artificial can
augment our capacities as individuals or members of a group
or community (Buchanan, 1992; Simon, 1996; Kaptelinin and
Nardi, 2006; Zimmerman et al., 2007; Binder et al., 2011). This
kind of creative design often implies facing a wicked problem
that does not have a unique solution nor a linear way to solve it,
whether because requirements are unclear or evolve over time
or because stakeholders have competing values and priorities
(Rittel and Weber, 1973; Nelson and Stolterman 2003; Binder
et al., 2011). The first step of this process is usually the early
ideation stage, where designers need to frame the problem, for
which they have to apply a reflective practice (Schön, 1983) and
work closely with different types of professionals, including
designers, experts in the domain of application and stakehold-
ers (Sanders and Stappers, 2008) to integrate different matrixes
of thought in a social creativity process (Fischer et al., 2005;
War and O’Neill, 2005). In this context, a design turns into co-
design, that is, a participatory, long-term, open, exploratory and
iterative process (Sanders and Westerlund, 2011; Binder et al.,
2011; Chandrasegaran et al., 2013) where creativity, delibera-
tion and argumentation are essential to provide a rationale on
the design decisions (Buchanan, 1992). Co-design teams are
made up of different kinds of participants who usually apply a
design thinking approach and apply generative techniques like
drawing, crafting, sketching or performing to freely shape the
problem and ideate solutions. From the various interpretations
on what design thinking is, in this paper, we conceive it as a
designerly way of thinking and doing aimed at generating a
value but without having clearly determined what is going to be
created and how (Dorst, 2011) and that relies upon generative
techniques to ideate and design innovative products (Sanders
and Stappers, 2008).
The heterogeneity of participants in iterative co-design pro-

cesses brings richness of perspectives, experiences and knowl-
edge to the table as well as some challenges, including the need
to make evident the purpose of each design task to all partici-
pants, to engage all of them in broad exploration processes that
go beyond the first idea, to generate a shared understanding
of problems and solutions and to facilitate the convergence
to specific ways of action (Adams et al., 2011; Sanders and
Westerlund, 2011; Garde and van der Voort, 2012). We advo-
cate that interspersing some software engineering practices,
like documentation based on conceptual models of the domain,

validation or traceability, can contribute to face some of such
challenges as far the flexibility and richness of expression are
not compromised (Forlizzi and Battarbee, 2004; Robertson and
Radcliffe, 2009; Chandrasegaran et al., 2013; Bernal et al.,
2015). What is required is a holistic process that takes profit
from the flexibility and expressivity of generative methods
and, at the same time, provides means to softly structure and
document the process to facilitate communication about why
and how artifacts were created and how they evolved.
In this paper, we discuss how we addressed such challenge

using a software tool called CoDICE (CoDesigning digital
Cultural Encounters) that supports the documentation of co-
design projects related with developing digitally augmented
experiences with physical objects. In this co-design activities,
the voices of domain experts need to be integrated, but some-
times they do not participate since the techniques used are
not so evident, they do not have time enough to explore ideas
and they do not understand why techniques are applied or the
goal and utility of the design outcomes (such as journeys, per-
sonas, scenarios . . . ). Our goal is to provide multidisciplinary
co-design teams with a number of design constituents that
act as meaningful holders to collect all the design outcomes
into relevant entities in augmented computing (in our case,
the physical space, the users, the scenarios and the technol-
ogy). These holders, usually called design boundary objects
(DBOs henceforth) in the literature (Binder et al., 2011), have
been designed iteratively to gather different perspectives, from
technical issues, to non-rational criteria, emotions, behaviors,
interpretations or known uses. DBOs are interrelated in an
explicit and visual way according to a conceptual model of the
domain. Moreover, the tool provides a soft structure that can
help to clarify the design process to novice designers and push
more experienced designers to revisit their ideas from differ-
ent perspectives. CoDICE has been used in several co-design
workshops to structure ideas and reuse components, revisit
ideas and document the design rationale behind their develop-
ment and evolution. In particular, two kinds of scenarios are
described in this paper: short-term co-design workshops and a
long-term co-design project. In the first scenario, participants
appreciated being guided by the tool, having the possibility of
connecting different components in a visual and direct way
and being able to produce a unique document with all their
ideas. In the second scenario, the tool facilitated traceability
of a long-term process, the reuse of design outcomes and the
shared elaboration of the design rationale and the evolution
of the ideas.
The remaining of the paper starts by framing the context of

this research. CoDICE tool is described in Section 3 and its
evaluation is reported in Section 4. The tool contributions and
its utility are analyzed in Section 5 by focusing on the way it
deals with some of the limitations of co-design workshops and
describing the two scenarios of use. Lessons learnt and future
research are drawn in the conclusions.



2. CONTEXT AND RELATED WORKS

This research is rooted on the limitations of running effective
co-design sessions that capture feedback from all types of
participants and on the benefits of integrating some software
engineering practices to alleviate some of that limitations.

2.1. Challenges to support effective co-design in
multidisciplinary and long-term projects

Co-design, understood as a social creativity process
among designers and other professional and non-professional
participants, spans over the whole ideation, design and building
of design artifacts (Sanders and Stappers, 2008). The richness
of perspectives, experiences and knowledge is a key feature of
co-design, but it also poses some challenges, particularly if co-
design involves novice participants or it is embedded into long-
term projects. In the remaining of this section, we review some
of these challenges focusing on those that can be solved by
integrating software tools as thin infrastructures (Binder et al.,
2011). Such thin infrastructures provide a technical support to
partly deal with some of the challenges but do not guarantee
per se the success of co-design activities, for which thick
infrastructures made up of skilled co-design leaders and
appropriate design games and techniques are required (Binder
et al., 2011). A comprehensive analysis of co-design challenges
can be found at Warr and O’Neill (2005), Bergman et
al. (2007), Sanders and Stappers (2008), Kleinsmann and
Valkenburg (2008), Sanders and Westerlund (2011) and Garde
and van der Voort (2012).
First at all, co-design happens in different spaces includ-

ing the experienced physical space, the workspace and the
future situation of use (Sanders and Westerlund, 2011). These
spaces are not only physically different but also conceptual.
The possibility of doing part of the co-design process in the
actual physical space where the product is supposed to be
deployed or in the context recreated by the product might help
to better understand the scenarios of use. Other activities, like
specifying or exploring ideas further, can be moved to design
rooms. Moreover, participants might have different rhythms
of working. Some might require more time to understand the
problem or to further elaborate their initial thoughts in private
spaces escaping from the evaluation apprehension syndrome
that might deter them from participating actively in co-located
meetings (Warr and O’Neill, 2005). From a technological per-
spective, synchronous and asynchronous virtual design spaces
can support such long-term and reflective practice in a more
effective way tearing down time and space barriers (Díaz
et al., 2015).
Other typical problem consists of getting stuck into the first

idea and limiting thus the exploration of other alternatives
(Sanders and Westerlund, 2011). This can be due to the lack
of motivation of novice participants who might feel their ideas
are not creative enough or will be judged useless by more

experienced participants (Warr and O’Neill, 2005;Sanders and
Westerlund, 2011). Technological co-design spaces can be used
to promote the exploration of multiple ideas in shared and
private spaces.
Yet another relevant challenge is reconciling the variety of

skills, expectations and attitudes that heterogeneous groups of
co-designers have. In a phenomenographic study across disci-
plines (Adams et al., 2011), six situated meanings of design
were identified, including evidence-based decision making,
organized translation, personal synthesis, intentional progres-
sion, directed creative exploration and freedom. Each of these
definitions entails a different attitude toward design, a different
set of skills and conceptual tools to face design tasks as well
as different expectations about the participation. Co-design
should integrate all of these mindsets and goals into a common
arena (Buchanan, 1992; Bergman et al., 2007). For this to be
possible co-design spaces have to provide means to enable
multidisciplinary communication in order to build a common
understanding of both, the problem and the potential courses
of action, to reflect in action and on action (Schön, 1983;
O’Neill et al., 1999; Binder et al., 2011). To enable non-
experts to express ideas in a natural and spontaneous way, co-
design processes usually rely upon generative techniques that
make it possible to freely define concepts using any kind of
media, using tangibles, acting and playing (Sanders et al., 2010;
Martin and Haningtong, 2012; Giaccardi et al., 2012). To
generate a shared representation of the design outcomes and
their design rationale that can be understood by all partici-
pants, DBOs such as personas, scenarios or protoarchitectures
have been proposed (Cooper, 1999; Carroll and Rosson, 2003;
Bergman et al., 2007). DBOs encapsulate design knowledge in
a flexible and expressive way to accomodate the needs of dif-
ferent disciplines and they evolve over time as more knowledge
on the design constituents is gained through reflection in and
on action (Binder et al., 2011).
However, DBOs and generative techniques might not be

enough to support a co-design process that involves a variety of
design tasks. The unrestricted nature of divergent thinking tech-
niques used to explore open-ended questions do not provide a
clear process flow and, hence, co-design is often characterized
as a fuzzy and non-linear iterative process (Rhea, 2003; Sanders
and Stapers, 2008; Binder et al., 2011). This fuzziness makes
some participants, particularly novice designers and users,
unaware of the goal of each design task and how they relate with
the other tasks (Kleinsmann and Valkenburg, 2008; Sanders
and Westerlund, 2011; Garde and van der Voort, 2012). In this
sense, there is a need to make explicit the purpose and utility of
each task performed as well as the interrelations among them.
Other challenges are related with the capacity to support

reflection on the actions performed not only while they are
performed but also after and, therefore, a design rationale
and product genetic evolution should be properly docu-
mented (Bodker, 2000; Binder et al., 2011). As discussed in
Kleinsmann et al. (2008), other problems that affect co-design



TABLE 1. Challenges to carry out efficient co-design events that inspired CoDICE development.

Challenge Rationale

Support multiple co-design spaces Design happens in different places and at different moments (Sanders and
Westerlund, 2011)

Support the exploration of multiple ideas Design is a social process of creativity (Warr and O’Neill, 2005; Sanders and
Westerlund, 2011)

Generate a shared representation of the outcomes Multidisciplinary co-design teams need means to communicate effectively
(O’Neill et al., 1999)

Make explicit the process, the goals of design
outcome and their relationships

All co-designers need to undertand the purpose and value of their participation
(Kleinsmann and Valkenburg, 2008; Sanders and Westerlund, 2011; Garde and
van der Voort, 2012)

Support documentation and information processing Design knowledge needs to be transferred in easy way (Kleinsmann and
Valkenburg, 2008)

Justify the design decisions Design decisions and product evolution need to be communicated to learn
from the experience (Bødker, 2000)

efficacy include factors that depend (i) on each participant,
such us the interest about the design task or the knowledge
about it, (ii) on the project, including the efficiency of
information processing or the quality of the documentation,
and (iii) on the organization, such as the allocation of tasks and
responsibilities.
Table 1 summarizes some key challenges of co-design that

inspired the development of the tool here presented. The tool,
called CoDICE, alleviates some of these issues by using tech-
nology and assuming some basic practices of design thinking
and software engineering. We will revisit this Table when
discussing CoDICE contributions.

2.2. The role of software engineering in a holistic
co-design process

Theories on information systems design (Klein andHirschheim,
1991; Hevner et al., 2004; Gregor and Jones, 2007) paved the
way to enlarge the perspective of software engineering as a
discipline aimed at designing socio-technical systems. In this
work, we root on the conception of Klein and Hirscheim of
software development as a social action focused on deploying
technology that meets a set of objectively defined quality
criteria as well as on envisioning ways to change social
forms and behaviors (Klein and Hirschheim, 1991). This
definition embraces the principles of design science (Simon,
1996; Cross, 2001; Krippendorf, 2005; Zimmerman et al.,
2007) and, therefore, it provides a conceptual fulcrum to
elaborate a symbiotic relationship between two apparently
opposite practices: creative design and software engineering.
By symbiotic relationship, we mean a holistic process in which
both disciplines contribute and depend on each other to support
a better process; it is not amatter of software engineering versus
design thinking but of software and design thinking, an effort

to reconcile discipline and creativity, rationality and emotions
and quality centered and people centered.
As described by Max Weber, social actions are driven by

rational and non-rational forces (Weber, 1991). Rational forces
are related with objective criteria and principles such as effi-
cacy, cost, reliability (formal rationality) or with the need
to apply a specific method to reach the goals (substantive
rationality). Rational forces are the primary focus of software
engineering and are usually gathered through well-documented
product and process requirements (Pressman, 2010). On the
other side, non-rational forces include subjective, personal and
sociocultural criteria like emotions, aesthetics or resonance.
This kind of forces are the focus of design thinking practices
who seek at exploring the ‘quality without a name’ (Alexander,
1979) that makes technologies useful, valuable and enjoyable.
A holistic process can take benefit from both approaches. Soft-
ware engineering fails to provide on its own a solution using
analytical processes and metrics that do not take into account
the non-rational forces that make a product successful and
enjoyable. Mathematical models and visual notations cannot
be used to explore ideas and promote discussion of options
with end users and co-designers (Luebbe et al., 2010). Agile
and lean software engineering methods help to speed up the
development process but might not be enough to deal with
innovative and open-ended design, since they fail to support
the conceptualization level required to make explicit the design
rationale behind products development (Luebbe et al., 2010)
and the reflective design required to generate innovative prod-
ucts. These gaps are filled by generative tools that enable
expressing ideas using richer and less structured communica-
tion options like a drawing, collaging (Sanders et al., 2010)
or even performing scenarios of use (Giaccardi et al., 2012).
However, some classical software engineering practices might
provide advantages in long-term and distributed projects as
well as for novice designers. For example, they encourage co-



designers to apply a more disciplined, repeatable and measur-
able process where all the design tasks and their interrelations
are clearly defined. Other additional advantages that can be
borrowed from software engineering include the generation of
a complete documentation of the co-design events, and the
traceability of the outcomes that contributes to facilitate the
artifacts evolution and maintenance (Pohl, 2010; Pressman,
2010; vom Brocke et al., 2017).

2.3. Related works

There are many software tools that support specific design
thinking activities such as collaborative annotation tools like
those listed in Juntoo (2019) that are often used by experienced
designers who are quite focused and proficient in their work
to share and comment their design outcomes. Compared to
them, CoDICE provides a shared design space that is structured
according to the semantics of the domain of application, aug-
mented computing. As discussed above, we posit that adding a
more systematic and structured approach typical from software
engineering has benefits both for novice designers who are
guided through a process that is fuzzy and unstructured as
well as to establish some discipline in multidisciplinary and
long-term projects. Next paragraphs review tools that combine
software engineering and design thinking practices.
In Luebbe et al. (2010), the authors transform the constructs

of a software engineering method into tangible pieces that can
be used along with physical elements such as post-its. In this
way, they provide a flexible working space where mixed groups
of software engineers, designers and users can discuss ideas in
an expressive way but also including structured concepts. Sim-
ilar works are focused on integrating software tools to produce
typical outomes like affinity diagrams, including Klemmer et
al. (2001), Harboe et al. (2013), Widjaja and Takahashi (2016)
and Subramonyam et al. (2019). However, the use of digital
tools to support creative design has been subject to criticism
mainly due to the constraints they might impose to free ideation
processes, including problems such as circumscribed think-
ing, premature fixation and bounded ideation (Robertson and
Radcliffe, 2009; Chandrasegaran et al., 2013). We posit that
these issues appear when software tools are used as facilitators
to express ideas, since the functionalities offered by the tool
can limit the type of ideas generated (Robertson and Radcliffe,
2009) and do not support the unstructured thinking of designers
and users (Chandrasegaran et al., 2013). For that reason, our
proposal is not using a software tool to generate ideas but
to document and follow up the outcomes of co-design. We
consider software tools as an additional virtual co-design space
that coexists with other spaces, including the physical design
space along with the activities performed to ideate and design
solutions (Sanders and Westerlund, 2011). Another interesting
approach to apply a software engineering perspective to design
research projects is presented in vom Brocke et al. (2017).
In this case, the tool is focused on documenting the process

flow, that is, the tasks performed and their evolution in terms
of iterations. Our approach is more focused on the design
outcomes than on a design process that by nature is quite
flexible and fuzzy.

3. CODICE: A VIRTUAL CO-DESIGN SPACE TO
DOCUMENT THE IDEATION AND DESIGN OF
AUGMENTED EXPERIENCES WITH PHYSICAL
OBJECTS

We faced the challenge of balancing design thinking and
software engineering practices within the context of co-
designing digital enhanced experiences with cultural heritage
in the meSch project. The project involved 12 partners from
different European universities, companies and museums who
held regular co-design workshops around Europe. Several
techniques were used and lots of outcomes were generated
to identify potential artifacts, scenarios of use and users. Most
of them were made up of physical materials that deteriorate
over time, including paper based storyboards, features lists
or personas (see left picture in Fig. 1) or they were video-
recorded descriptions of scenarios and other ideas (see right
picture in Fig. 1) that do not have any explicit semantic
associated. Since more than one session was held and not
all participants were always present, these outcomes needed
to be shared and revisited. In order be able to collect such
outcomes in a persistent and distributed way, the CoDICE tool
was implemented. A design constituent includes the models,
conceptualizations and artifacts related with an object of design
(Binder et al., 2011). Development was guided by requirements
identified in the literature and by the experience gained in
the co-design workshops as described in Díaz et al. (2015).
During these workhops, the funcionalitites and the conceptual
model of agumented computing was refined to allow experts
and novice designers articulate better their ideas. The goal
pursued was to provide software support to document all the
outcomes in a meaningful, persistent and interrelated way and
to implement a traceable and repeatable process, where ideas,
decisions and evolutions can be revisited. Next paragraphs
describe the co-design spaces supported, the DBOs offered
and the functionalities of the tool.

3.1. CoDICE virtual co-design spaces

CoDICE is conceived as an additional virtual co-design space
that supports documentation and further elaboration of ideas
and early designs in co-design events. The tool assumes that
design is both divergent and convergent (Rhea, 2003). Dur-
ing divergent design, co-design teams engage in framing the
problem properly and stimulating creativity to ideate innovative
solutions. Ideas are not evaluated or judged yet, the goal is
to end up with as many ideas as possible. During convergent
design, the branch of potential designs is narrowed down and
the co-design team has to make choices about the best ideas



FIGURE 1. Examples of ephemeral and unstructured outcomes from co-design workshops.

using some (rational or non-rational) criteria. CoDICE assists
heterogeneous teams through three virtual co-design spaces:

(1) CoDICE-Mobile makes it possible to collect videos and
pictures during situated design and ideation tasks. Co-
designers can take pictures of affinity diagrams or record
use scenarios and other inspirational material that they
will use to document and justify their ideas. In this
way, they can apply any generative technique (see code-
sign.website for information on techniques used during
the project) as far as they collect the outcomes in any kind
of electronic format, so that they can be kept it a perma-
nent way. These elements are called resources, and they
can be linked to any idea or design in CoDICE-Desktop.
From a functional point of view, CoDICE-mobile is quite
simple and its use can also be skipped since co-designers
can use their own mobile phones cameras and directly
upload the resources through the desktop interface, so the
remaining of the paper only focuses on CoDICE-desktop
and its two co-design spaces.

(2) CoDICE-Desktop Ideas makes it possible to keep track
of all the ideas that emerged during divergent design.
Ideas are documented in terms of objects, encounters,
personas and augmented scenarios, four DBOs (see next
subsection) that promote reflection upon the current fea-
tures of the physical objects, the goals pursued in the
interaction scenarios, the features of the targeted users
and the potential augmented technologies that will be
developed.

(3) CoDICE-desktop Designs collects the design con-
stituents from convergent design as well as their
evolution. Ideas that are mature enough are moved to
this space where more information concerning personas,
scenarios, prototypes and requirements is provided (see
the full description in the next subsection). Designs here

are early designs that will need to be prototyped and
tested in the wild before being completely implemented.
Information concerning this evolution can be added to
the DBOs as it becomes available.

3.2. CoDICE DBOs

CoDICE is a virtual co-design space to store all kind of ideas
and design outcomes, even those that did not evolve into
final products. With that purpose, it provides co-designers
with a number of DBOs that conceptualize the design space
and that could be identified with design contituents. Figure 2
depicts the conceptual data model made up of such DBOs
and their relationships. For the ideas co-design space the data
model will read as ‘Physical objects can be enhanced through
encounters that make use one or more augmented concepts to
improve the experience of one or more personas’. Similarly,
the design space reads as ‘Personas experience scenarios in
which prototypes are used. Prototypes might be evolutions of
other prototypes and they satisfy a number of requirements’.The
separation among scenarios and prototypes (called encounters
and augmented concepts if they are still in the ideas space)
makes it possible to envision scenarios that make use of several
prototypes or prototypes that can be used in different scenar-
ios, providing more opportunities for ideation by combining
existing resources. Table 2 includes a description of the DBOs
included in the tool.

3.3. CoDICE functionalities

The platform is implemented as a client-server architecture
with two clients supporting two co-design spaces: CoDICE-
mobile is an Android application that allows one to upload
to a common server tagged pictures and videos, so they are



FIGURE 2. Conceptual model of the BDOs used in CoDICE-desktop to document ideas and early designs.

TABLE 2. DBOs in CoDICE Ideas and Design spaces.

Space DBO name DBO goal

Ideas Object It is used to reflect upon the physical objects to be augmented. Based on the artifact analysis
method (Díaz, 2012), it pushes co-designers to analyze in-depth the objects features,
interaction affordances and constraints and the emotions and feelings they inspire.

Encounter It collects information on potential augmented experiences. It could be considered a
proto-scenario very informally defined to describe how the interaction might be at a glance.

Augmented concept This DBO encapsulates an informal description of the digital artifacts or smart objects that
could be implemented to support the augmented encounters with the physical objects.

Ideas design Persona It is based on the personas concept as interpreted by Krippendorf (2005), that is, as
archetypical users of an augmented concept and the ones for which encounters are envisioned.

Design Scenarios It is the evolution of an encounter. Scenarios provide more detailed information including the
kinds of experiences covered.

Prototypes It is the evolution of an augmented concept and encapsulates the specification of the smart
object that will be implemented. Prototypes can evolve into other prototypes whether to be
used in a different scenario or due to limitations observed during the use of the prototype.
Prototypes include not only technical information but also a design rationale and information
about real uses.

Requirements It collects the software requirements that have to be fulfilled in the implementation.
Requirements can be related to other requirements and can be subject to dependencies with
other requirements.

Ideas can potentially evolve into design DBOs.

available in the desktop tool as resources to inspire or illus-
trate ideas and designs; CoDICE-desktop is a rich Internet
application implemented with MS Silverlight that supports the
ideas and designs spaces. The system has been implemented
as a multi-device environment and can be used in cell phones,
tablets, tabletops and desktop computers to support different
technological configurations.
CoDICE-desktop provides functionalities to create and

update reports on ideas and designs expressed using the
DBOs described in Table 2. It also includes three additional

elements that help to organize better the virtual co-design
space: resources, projects and workshops. Resources are
digital contents (such as images, videos, documents, files,
etc.) that can be reused throughout the co-design process
and that include all the materials captured using CoDICE-
mobile or any other file uploaded to the tool. For example,
a recording of a scenario performance, a formal document
about standards to follow or a sketch done with a specialized
sofware tool such as those reviewed in Chandrasegaran et al.
(2013) can be uploaded as a resource and then they can be



FIGURE 3. Interface of the CoDICE-desktop Gallery of components.

used to document any idea or design. Projects and workshops
make it possible to group ideas and designs concerning
specific co-design projects and co-design events within a
project respectively. This a soft way to structure the process
not as detailed as the one proposed in vom Brocke et al.
(2017).
Each DBOs has a gallery and a component interface (see

Figs 3 and 4). The gallery of components is the entry point
to any component of CoDICE and it is shown whenever one
of the categories in the left navigation tool is chosen (see
area 1). For each type of component (workshops in Fig. 3),
area 3 shows all the instances created. When one of these
visual representations is chosen (see ‘Exploring concepts at
Waag society’), some information is shown in area 4 and two
icons make it possible to edit the component (eye icon) or
delete it (trash icon). Area 2 of the interface provides general
information of the current session, such as the user name or the
current project.
Figure 4 shows the interface for a DBO, that is, the interface

when the ‘eye’ icon is selected in the gallery, in the figure
an augmented concept called The Transparente Window. Note
that the left navigation tool and the session information are
removed from the image for readability purposes. Co-designers
can name, tag and vote the idea (see area 1); provide details
including any kind of multimedia material or resource (see the
icons of different types of files in area 2); comment on it or link
it to related components (see area 3); and click on the history
button (see area 4) to see who did what on the object. The fields
included in each DBO where identified through an iterative
process based on formative evaluations (see Section 4). To
support an open, evolutionary and flexible process, there are

no mandatory fields. Ideas and designs might only have a few
details that will be increased over time as co-designers gain
knowledge on them.

4. CODICE EVALUATION

CoDICE was developed following an iterative process
informed by formative evaluations that provided empirical
information on perceived usability and utility from different
audiences as reported in (Diaz et al., 2015; Díaz et al.,
2017). In particular, seven formative evaluations were run:
two exploratory focus groups to discuss early prototypes and
ideas and five empirical evaluations with stakeholders and
end users. In total, 97 different partipants were exposed to
the tool, including designers, hci experts, cultural heritage
professionals, students and programmers. This process con-
tributed to adapt the tool to the necessities of multidisciplinary
teams, respecting the requirements of different disciplines:
from the freedom of expression valued by end users and
creative designers, to the need to impose a certain level of
rationality required by technical participants. For example,
the first prototype included a functionality to create affinity
diagrams that was not valued by the evaluators since they
preferred to work with physical materials like post-its (Diaz
et al., 2015). This finding led to decide not to implement
components to support to specific design techniques but
instead to offer an additional virtual space to reflect on and
elaborate further the digitized outcomes of such techniques.
Next formative evaluations were aimed at validating the
DBOs and the information they contained. Similarly, the tool
functionality evolved as we observed users interacting with
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FIGURE 4. Interface of an augmented concept, that is, a potential prototype.

the first prototypes. For instance, validation and verification
rules about the conceptual model relationships were lessened
to achieve a compromise between not burdening designers
with complex checking processes and yet guaranteeing a
minimum level of elaboration before an idea is transformed into
a prototype. For the shake of clarity and space, in this section,
we only describe the summative evaluation performed once the
tool was completed. Such summative evaluation consisted on
two experiments.

4.1. First summative evaluation experiment

A first, summative evaluation was performed with 20 students
of a Master in Cultural Heritage Management. These students
had a varied profile, from humanities and social sciences to
cultural heritage professionals working in private or public
entities. None of them has a technical background though
throughout the Master they are exposed to innovative uses of
technology in different cultural settings. Before the co-design
session started, they visited Parque Carranque, an archeological
site where they were asked to take pictures that would serve
as inspiration to ideate augmented experiences. In the next
class, participants organized in groups used CoDICE during a
3 hour co-design session to propose one augmented experience.
During the first 80 minutes, they were encouraged to brain-
storm and propose multiple ideas that they documented using
the ideation space. The next 80 minute slot was devoted to
chosing one of the ideas and elaborate it further using the design
space until they produced a whole description of the prototype,

the scenarios of use and the potential personas who will benefit
from it. At the end of the session, they presented their designs
to the classroom and they filled a questionnaire on the utility of
the tool. The questionnaire had two parts: the first part explored
the utility of CoDICEDBOs and functionalities using a 5-value
Likert scale ranging from ‘very low’ to ‘very high’. In the
second part, two open-ended questions collected participant’s
perceptions on the main benefits and drawbacks of the tool and
they were also asked to state whether they will use it again and
for which purposes.
As shown in in Table 3, all the DBOs and functionalities

were unanimoulsy considered useful, all of them with a mean
value higher than 3,5 except for the gallery of objects that
was considered below this threshold. This might be due to the
fact that the gallery of objects, where you get access to all the
items within a category is more useful when multiple items are
generated and need to be explored throught a longer period of
time (see the scenario described in Section 5.2.1). Concerning
the open questions, 14 out of 20 participants stated they would
use it again and 2 of them thought it could be used also for ideat-
ing other types of technological interventions not necessarily
related with augmented spaces. When asked about the tool
utility, the 13 participants who answered highlighted the idea
of being able to organize all the information around a potential
augmented idea in an easyway and providing different perspec-
tives of a technological product (potential users, potential uses,
technical features and challenges . . . ). From their answers, four
main uses emerge: to identify needs and create designs, to
capture all the ideas, to perform a deeper study of objects and
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TABLE 3. Results of closed questions on utility of each BDO in the first summative evaluation ranked from 1 (very low) to 5 (very high).

Av. Mode Var.

Separation between ideas and designs 3, 9 4 0,6
Adding resources 3, 7 4 0, 8
Gallery of components 3, 4 4 0,8
Objects 3, 8 4 0,5
Personas 4, 5 5 0,4
Encounters 3, 8 4 0,4
Augmented concepts 4, 6 5 0,2
Transition from ideas to designs 3, 7 4 0,4
Prototypes 4, 4 4 0,3
Scenarios 4, 2 4 0,5
Relation among entities 4, 0 4 0,4
PDFs generation 4, 0 4 0,4

experiences and to share all the information about the design.
These uses, which are consistent with the evolving goals of the
tool that were established during the formative evaluatios, were
studied further in the next evaluation.

4.2. Second summative evaluation

The findings of this summative experiment might be somehow
biased due to the homogeneous profile of the participants, none
of them with a technical background. For this reason, a second
experiment involving heterogeneous groups was carried out.
To have varied profiles and to ensure that participants were
personally interested in taking part in the session, a call for
participation was issued through social networks. A total of 13
people took part in the workshop, none of whomwas a member
of the meSch project nor have had any previous experience
with CoDICE. According to how they described their expertise
and profile, it was a heterogeneous mix of people related with
cultural heritage (students, academics and professionals) and
people with a technical background (one civil engineer and
two computer engineers). Participants were organized in two
groups of 4 and one group of 5, each of which included one
technical participant. The session was scheduled to last 4 hours.
However, participants were so immersed in the task that it took
over more than 30 minutes. After a short introduction of the
workshop goals and the CoDICE interface for the ideas space,
participants engaged in a 2 hour session of ideation. They were
asked to be creative and do not think yet about the cost or
the technical complexity of their ideas. They were proposed
a method that started thinking on the physical objects, the
encounter, the personas and, finally, the augmented concept,
though this was just a recommendation. Most groups started
to think about encounters and augmented concepts and then
decided the kind of physical cultural heritage item or collec-
tion that will be involved and the type of visitors that could
benefit from the experience. Though some physical objects

were available in the room as design probes, participants with
a cultural heritage background dominated discussions on the
type of object to be augmented and they chose topics they were
personally interested at. All of them documented at least one
object, one persona, one encounter and one augmented concept.
When the ideation process was completed, participants were
introduced to the DBOs of the design space and theyworked for
1 hour and a half on the convergent design process. They were
asked to select one of the ideas they had during the ideation pro-
cess andmake it evolve into a design concept. All groups picked
up an idea for which they provided a quite elaborated SWOT
matrixes to justify their decisions. In particular, they focused on
multidisciplinar issues such as the user experience, the features
of the artifact, the perception of the cultural institutions and the
context where the artifact was going tobe deployed.
Once participants finished, they were asked to fill a ques-

tionnaire about the experience. The questionnaire gathered
information on perceived utility and on the potential uses of
the tool. Concerning utility, a 5-value Likert scale was used
to assess in an improved version of the questionnaire used
in the first experiment that was too long since it explored
each functionality in a separate way. In this case, only generic
questions about the tool utility and ease of use were asked.
Table 4 summarizes the results about utility that were all over 4,
being the possibility of generating a file with all the information
the one that was best ranked. Indeed, one of the participants
said ‘I’d like to share this file in social media to see if I find
somebody interested in funding me!’
To explore potential scenarios of use where CoDICE

might provide a significant value, four options extracted from
previous co-design events were assessed: identify needs and
create designs, be able to capture all the ideas, carry out a
deeper study of objects and experiences and share information
with other groups. Again a 5-value Likert scale ranging from 1
(completely disagree) to 5 (fully agree) was used and, as shown
in Fig. 5, all participants agreed with the four options being the



TABLE 4. Results of closed questions on utility in the second summative evaluation ranked from 1 (very low) to 5 (very high).

Av. Mode Var.

Utility of the tool 4, 4 4 0, 24
Utility of the separation between ideas and designs 4, 2 4 0, 28
Utility of relating concepts 4, 2 4 0, 64
Utility of the transition among ideas and designs 4, 1 4 0, 69
Utility of the generation of pdf files with all the information 4, 6 5 0, 61

FIGURE 5. Summative evaluation of utility and potential uses of
CoDICE.

ability to share information with other people the most valued
scenario. Only one person disagreed with one option (share
information) because the participant did not like the idea of
sharing concepts among participants, but this is the main goal
of co-design. The last question was whether they will use the
tool again and why, and 11 out of 13 answered positively.
Among the reasons to use CoDICE, participants indicated
‘to explore ideas and develop them in a collaborative way’,
‘to organize better my ideas about augmented experiences’
or ‘to facilitate the organization of ideas through a guided
process’.
Finally, they were asked if they will use the tool again

and 11 out of 13 participants said they would, primarily to
explore ideas and develop them in a collaborative way. More
evaluations involving more designers with varied backgrounds
and agendas might be necessary to obtain sound conclusions
on the tool utility tool. However, considering the results and
that all groups were able to create and defend a design, we
can conclude that CoDICE might be a useful tool to explore
ideas, keep track of them and share the rationale supporting the
decisions taken.

5. DISCUSSION ON CODICE UTILITY

In this section, we discuss the tool utility by describing how it
combines software engineering and design thinking practices
and introducing two different scenarios of use that focus on
how it helps expert and novice designers. The section ends
summarizing some of CoDICE contributions and limitations.

5.1. Balancing design thinking and software engineering
practices in CoDICE

CoDICE enforces some basic software engineering practices
while keeping the freedom and expressivity of design thinking
methods to contribute to improve the outcomes of co-design
events. Table 5 summarizes how our proposal contributes to
deal with the challenges identified in Table 1 that are discussed
in next paragraphs.
Support multiple co-design spaces. Having in mind the lim-

itations that the use of computer based tools can impose in free
thinking and exploration activities (Robertson and Radcliffe,
2009), CoDICE is not aimed at replacing or making digital
the co-design activities envisioned by the group leaders to
promote ideation and discussion. Instead, it is expected that
somemembers of the co-design teamwill use it to document the
outcomes once co-design activities have been completed, so the
outcomes can be shared and revisited by all the participants on
the assumption that sharing designs can contribute to improve
design exploration and results as discussed in (Dow et al.,
2011). Moreover, DBOs can be linked with the workshop
they were created to facilitate its identification in long-term
processes involving more than one onsite co-design event. In
this way, CoDICE extends the design sessions in a distributed
virtual space were the design outcomes can be visualized,
documented and reflected upon as suggested in (Sanders and
Westerlund, 2011).
Support the exploration of multiple ideas. CoDICE-desktop

Ideas is the virtual co-design space aimed at allowing co-
designers to revisit all the ideas of the project, even those that
are discarded. Figure 6 shows a screenshot of the collection
of potential augmented concepts that emerged in the meSch
project. In this case, the co-design team assigned alphanu-
merical codes to those ideas that were implemented (see ‘H1
– Transparent window’ or ‘C11- The Loupe’), but those like
‘Memento Mori’ that were not elaborated are still kept in the
database for future use. Since the tool expands the ideation
process over time, additional material and thoughts can be
added at any moment, and thus ideas that were initially rejected
or not considered could at some point become worth to be
moved to the design space.
Generate a shared representation of the outcomes. As

described above, a number of DBOs are used to document
the co-design outcomes. To implement a not too strict process



TABLE 5. CoDICE technological approach to contribute to alleviate co-design challenges.

Challenge CoDICE approach

Support multiple co-design spaces Situated design and free ideation are supported whether using CoDICE-mobile or
directly uploading files to CoDICE-desktop. CoDICE-desktop supports synchronous
and asyncrhonous documentation of and reflection upon the design outcomes, going
beyond the limits of colocated meetings.

Support the exploration of multiple ideas All ideas can be kept in the tool as well as the reasons why they did or did not evolve
into design concepts.

Generate a shared representation of the outcomes DBOS are organized as a conceptual model of the domain of application that has been
tested through formative evaluations. Co-designers can document their outcomes using
any kind of information resource (from text to pictures, videos, files..). DBOs can be
revisited and commented by all participants at any time.

Make explicit the process, the goals of design
outcome and their relationships

DBOs are related in order to make explicit the relationship among design tasks.
Validation rules force to follow a certain process.

Support documentation and information processing BDOs document the design outcomes in a flexible, meaninful and evolutionary way.
Links in the tool interface facilite also traceability of the relations among outcomes as
well as of their evolution.

Justify the design decisions Ideas cannot be moved to the design space until they are not explored enough and have
at least a SWOT matrix DBOs also include comments and votes from the co-designers.
Prototypes include a section on known uses to provide evidence on their empirical
evaluations.

FIGURE 6. Ideas for augmented concepts generated throughout a
long-term project.

flow and assuming that design is an open proces (Binder et al.,
2011), there is no obligation to use all the DBOs in a co-design
event or project. Moreover, to provide more semantics to these
outcomes, DBOs make up a conceptual model of the domain
of application (augmented computing) that captures relevant
relations and constraints (see Fig. 2). In particular, relations
guided the inclusion of elements in the CoDICE interface to

browse and add connections amongDBOs, so that co-designers
can have a broader view of each concept that includes related
design constituents. As shown in Fig. 4, the tabs in area 3
make it possible to see which personas, physical objects and
encounters are related with an augmented concept. On the
other side, cardinalities in the model reflect possibilities of
reusing a DBO in multiple relations (when they are n-ary) as
well as constraints to at least make the DBO participate in one
instance of the relationship (when they are set to 1) that turn
into validation rules as discussed below.
Make explicit the process, the goals of each design outcome

and its relationships with other design outcomes. CoDICE is a
thin infrastructure (Binders et al., 2011) that softly structures
the co-design process while letting co-designers free to use
any generative technique or tool to avoid any kind of circum-
scribed thinking. As a thin infrastructure, it does not make you
necessarily more creative or successful per se, but it offers
a distributed co-design space to share and revisit ideas. The
process is structured both implicitly (guided somehow by the
way DBOs are ordered in the tool interface and, therefore, not
necessarily used) and explicitly (forced by a validation rule that
make it mandatory exploring ideas before proposing designs).
The process can be organized according to the goals and needs
of the team since no flow is imposed, except that all the DBOs
in the design space cannot be created from scratch, they have to
be evolutions of DBOs in the ideas space. This practice might
not match the practice of some professional designers, but
co-design involves heterogeneous teams and for all those not
used to generative techniques, having a framework to structure



ideas before turning them into designs might be helpful as
shown in Section 5.2. In any case, sharing ideas among team
members eases individual exploration, conceptual blending and
collaboration (Dow et al., 2011).
Support documentation and information processing. Docu-

mentation is a way to communicate design knowledge among
different participants and to support traceability (vom Brocke
et al., 2017). Traceability is a key feature of any software
specification that consists of providing links among related
entities or artifacts, to be able to look at the specification from
different perspectives and to understand decisions (Pressman,
2010). It helps to support the generation of design rationale and
has been used in software engineering for validation purposes
(Pohl, 2010). As discussed before, CoDICE provides links in
the interface among DBOs in the same or different space.
Relationships are also used to validate the transformation of
ideas into design concepts. To guarantee that, as posited by
Krippendorf, design is a way to ‘give significance by assigning
it to a use, a user, or an owner’ (2005), two validation rules
are enforced: an augmented concept cannot be moved to a
prototype if (i) there is not any encounter that makes use of
such concept and (ii) there is not at least one persona that would
benefit from it. Similarly, an encounter has to be linked to at
least one persona and one augmented concept to become a
scenario. These validation rules are automatically fired when
co-designers try to transform ideas into design concepts and
they need to be satisfied before proceeding with the next
step, filling the contents of a SWOT (strengths, weaknesses,
opportunities and threats) matrix associated to the resulting
DBO in the design space.
Justify the design decisions. Designers need to provide

additional information about their products to understand how
they can be used and their limitations as well as their evolution
(Carroll and Rosson, 2003; Krippendorff, 2005; Binder
et al., 2011). To cope with all this kind of information
in a manageable way, CoDICE provides opportunities to
gradually document the features of the outcomes through
a number of DBOs, including personas, scenarios and
prototypes. Each of them provides a perspective of the
technology that is focused on user goals and expectations,
user experiences and contexts of use and technical capabilities,
respectively. The tool also provides some elements to justify
design decisions like the votes of the participants about
each DBO and their comments (see arrows tagged with
1 in Fig. 7), its relations with other DBOs (arrows 2)
or the SWOT matrix attached to each design DBO (arrow 3).
Prototypes, that is, the final product to be generated, also
include the validation and known uses fields (arrows 4) where
co-designers can add information about how it was evaluated
and how it worked in real experiences repectively.
The tool has components to trace back or forward the

genetic evolution of artifacts (Krippendorff, 2005), from ideas,
to design concepts to alternative design concepts. All this
information is tied to the prototype concept. First at all,

prototypes are linked with the idea (augmented concept in
CoDICE terms) they evolved from (see arrow 5 in Figure 7).
Prototypes can inspire other prototypes and, therefore, they can
evolve over time. Arrow 6 show how each prototype provides
information of the previous versions and it is also linked to
evolutions if any. In the example, the cases were a different
version of a previous prototype called the Plinth and they did
evolve into Cases 2. To keep trace of all the changes done using
the tool, users can click on the button in the top of Fig. 6 (see
arrow 7) that expands a list of the updates including the name
of the participant who did the modification. Finally, to have a
complete view of all of this information, CoDICE users can
generate pdf files of the DBOs (see arrows 8), where they can
apply a cascade-printing option (multiple pdf file) including
the information of all the related DBOs.

5.2. Scenarios of use

5.2.1. Using CODICE to document a long-term and
multidisciplinary project
CoDICE was used to document the outcomes of the co-design
events of the meSch project that were held during 1 year and
a half among partners distributed accross Europe. Participants
in the events had different backgrounds, including professional
designers, cultural heritage professionals, software and hard-
ware developers, and were not always present in all the co-
design workshops. Many different kinds of techniques were
used to engage participants in ideation of augmented experi-
ences with cultural heritage. For a comprehensive description
see www.mesch-project.eu. After the first year, a fully opera-
tional prototype of CoDICE was used to document a specific
case: the conception and evolution of the Loupe (Diaz et al.,
2015), a physical loupe equipped with a phone to provide an
augmented reality experience. A cultural heritage academic
collaborated with a software engineer to collect and integrate
all the available information about how the design concept
was ideated and evolved over time. In particular, CoDICE
made it possible to document and share how and when this
concept was conceived and why other similar concepts were
discarded. For example, the separation between scenarios and
prototypes was exploited to document how the Loupe worked
quite well in the ‘layered narratives’ scenarios where it was
used to provide several augmentations of the same physical
object whilts it did not work when used for ‘wayfinding’.
In a similar way, when creating the personas for a specific
museum one elder woman was identified and that led to discard
one of the artifacts envisioned, the monocular, for accesibility
and usability reasons even though it seemed to be culturally
resonant for the scenario. All this information was attached to
the design concept, so all the co-designers had a broader view
of it, even if they did not attend all the co-design workshops or
did not take part in the evaluation experiences.
From this scenario of use, we learnt that in long-term, multi-

disciplinary and distributed projects, forcing creative teams to

www.mesch-project.eu


FIGURE 7.Interface for prototype entity in CoDICE. The different possibilities used to provide justification on the validity of the concept and to
document its evolution are marked.

be systematic pays off. CoDICE is not expected to make you
more creative, but it can help teams to be more structured and to
revisit ideas and outcomes once co-design workshops are over,
so that eventually designs will be improved by sharing them
(Dowet al., 2011). The use of theworkhospsconcept to collect
relevant issues raised in specific co-located activities (such as
open questions or activities carried out) and the capability of
navigating from ideas to prototypes and from prototypes to
their evolution were useful ways to keep trace of the work done
throughout the project. However, experts and novice designers
have different ways to approach design (Kimet al., 2011)and
while the first ones rely upon their design abilities, novice
designers usually require higher guidance and the use of more
structured and formal methods (Seidel and Fixson, 2013) like
the structuring proposed by CoDICE. Being able to revisit pre-
liminary ideas and to visualize their evolution provided a better
understanding on the final outcomes and on the reasons that
motivated the team decisions. This was particularly relevant
in this scenario since not all team members participated in all
the activities. Concerning limitations, some designers found
documenting ideas boring and unnecessary for them, so this
task was assumed by more technical backgrounds. Moreover,
some of them did not want to be forced to follow a specific flow
(‘Why can I not move an idea to the prototype level without
defining a scenario or persona?’). This might be considered
restrictive by a very experienced designer, but it makes things

easier for novice designers and stakeholders. Rules provided
a guidance on the process to follow and helped to put ideas
in context, associating them with a scenario of use and the
personas who will use the prototype. Indeed, rules guaranteed
a complete documentation of all the ideas. At the end of the
project, the tool was used to document both success and failure
cases so the CoDICE space became a permanent memory of
the whole co-design process (seeFig. 6).

5.2.2. Using CoDICE to support co-design events with novice
designers
In order to explore the use of the tool outside the boundaries
the project, we also ran several co-design events with novice
designers with no predefined agenda nor knowledge on design
or software engineering. In particular, we run five events: three
of them were short sessions of 4 hour run with students of a
cultural heritage master (2 experiences involving 43 and 20
students, this latter reported inSection 4.1) or mixed back-
ground participants (one experience with 13 people reported in
Section 4.2); and the two remaining workshops where 3 week
projects that involved 1 weekly co-located session of 2 hours
per week and that involved students from a course on interac-
tiondesign(8and6inthetwosessions).Alloftheseexpe-
riences tested the toolin-the-wild; it was used by completely
novice users in an uncontrolled environment where participants
were using their laptops and connecting remotely to a server.
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This scenario made it possible to analyze how novice design-
ers use and perceive the use of the tool to ideate an innovative
artifact. All the teams developed several ideas and converged
to a unique design, a process in which they appreciated being
guided by the tool since they were not experts in design nor in
software engineering. In the words of one of the participants,
‘Starting from a lot of ideas, CoDICE helped to organize them
in the best way, working step-by-step you could see how the
project evolved’. This is an important aid for novice designers
that might be not so welcome by experts as it happened in
the previous sceanrio. In all cases, one or two members of
the group were in charge of populating CoDICE DBOs so
they could be accessed by other members when needed. In the
3 week projects, this capability was particularly useful, since
participants could work in a distributed and asynchronous way.
As one of the participants explained ‘The main benefit is that it
allows you to make collaborative brainstorming, without the
need to be all together in the same room. It allows to have
something persistent at the end of a co-design workshop and
allows ideas to be shared’. Moreover, since all participants
in one workshop shared the same CoDICE project, there was
some level of crosspollination that was valued as a useful option
to get inspiration from others’ ideas.
All the participants valued the use of CoDICE DBOs to

organize their ideas in a clear and communicable way and even
some of them pinpointed this benefit as a way to enable non-
technical students to ideate digital futures. They highlighted
that structuring their ideas could contribute to make them better
understood by other people, like their managers at cultural
institutions (‘If you print this pdf, it is clear you have reflected
upon the idea quite a lot, it is not like you just got it on your way
to the meeting’). Moreover, both technical and non-technical
participants valued the aid provided by the tool in terms of
making it explicit a design flow and a number of DBOs,
which according to them helped to improve communication
and ‘put some order’ (in one of the participant’s words), spe-
cially among heterogeneous profiles. The capability of having
all the elements connected was valued by the participants in
the workshops as a way to provide additional value to their
proposals. As one of them said ‘You can describe in an easy
way your project, what do you want to do, your goals, how the
experience will be and who will use it. And I like that!’.

5.3. CoDICE contribution and trade-offs

To sum up, compared to general purpose collaborative tools or
to design thinking and annotation tools, CoDICE is a domain
specific tool that goes beyond sharing documents by integrating
software engineering practices to explore further problems
and ideas in a meaningful, structured and traceable way. It is
meaningful and structured since all the design outcomes are
organized into DBOs that gather key domain entities (physical
objects and spaces, users, scenarios of use and technologies)
and their relationships. It is traceable since all the relationships

among DBOs are explicit and visible and the information on
the design rationale and the evolution of the ideas is attached
to them. In particular, three main contributions of CoDICE
emerged when used in co-design events:

• It softly structures the design process. The separation
between the ideation and the design space, the inclusion
of DBOs to explore the problem and the solution and
the constraints imposed by the conceptual model provide
some structure to the design process. When entering for
the first time a project, designers are guided through a
number of design constituents that push them to analyze
the problem from different perspectives. This feature
has been found particularly useful in workshops like
those reported in Section 5.2 where experts in a domain
such as cultural heritage engaged in ideation tasks with-
out having any prior knowledge on software engineer-
ing or design thinking techniques. Participants used the
CoDICE DBOs to articulate their ideas in a structured
way that facilitated discussion and the elaboration of a
shared design rationale.

• It encourages a multiperspective exploration of ideas.
As said before, CoDICE offers a number of DBOs
that capture the semantics of the domain of augmented
computing and whose elements include features that
are relevant for different types of participants, from
emotions, to cultural interpretations, user stereotypes,
evaluation outcomes or technical characteristics. The
ability to explore ideas from different perspectives was
particularly valued by non expert designers since it
forced them to explore further or even discard their
initial thoughts. As one of the participants said ‘We were
convinced this was a good idea till we moved to the
definition of the scenario and the personas. Then we
realised it was just overcomplicated’.

• It provides a process to explicitly capture design ratio-
nale and trace the evolution of the design constituents.
The tool provides many mechanisms to trace designs,
from elements in the interface that connect related
design constituents, to the whole pdf file documenting
a prototype where all the process is reported. In the
scenario in Section 5.2.1, the capability of tracing long-
terms processes made it possible to keep an structured
view on how all the prototypes were ideated, designed
and tested and even on how they evolved into other
prototypes to deal with new requirements.

The tool does not impose a unique process since we consider
there is no one-size-fits-allmethod that can suit all the casuistry
around design projects. However it still forces designers to
think about the ideas from different perspectives before decid-
ing what to develop. This is a clear trade-off of CoDICE: very
experienced designers find boring and limiting documenting
ideas and usually other members of the team had to use the



tool for documentation purposes; however at the end of the
project you have a permanent, commented and shared memory
of all the decisions that were taken. As a clear limitation, we
also found that novice designers cannot use CoDICE without
any guidance since the freedom to establish your own process
can lead to confusion. For that reason, there was always an
introductory session with examples to understand the goal
of each DBO, the validation rules, and how they relate with
the design tasks. Once this introduction was done, even non-
technical users like cultural heritage students were able to
create their own scenarios, personas and protoypes.

6. CONCLUSIONS

This paper describes an approach to use a software tool to
integrate a certain systematic flow and the rationale forces of
software engineering practices with the non-rationale forces
and generative ideation methods of design thinking, in order
to support a holistic process to design augmented computing
ecosystems. The approach provides an alternative virtual co-
design space made up of a software tool called CoDICE that
participants can use to share, revisit and reflect upon ideas using
a number of DBOs. Though some structure and flow is forced
through the conceptualization of the domain of application, the
tool allows for any generative technique to be applied since
CoDICE is used as a complementary documentation tool not
as a co-design aiding tool.
The two scenarios of use here presented describe different

co-design events where the use of a software tool like CoDICE
might be useful to encourage co-designers to explore more than
one idea, interrelate their ideas and provide a justification about
their decisions. Moreover, DBOs make it possible to reflect
upon technological interventions from different perspectives:
from the interaction affordances and limitations technologies
have but also from the potential goals they could satisfy, the
interaction scenarios where theymake sense or the kind of users
who will enjoy them. After having used the tool to document
the outcomes of long-term projects as well as in short term co-
design activities, some uses of the tool emerged as a way to
improve the co-design process. Among them, we can identify
the capability to document and revisit all the ideas, not only
those that succeeded; to be able to reflect upon objects and
experiences and not only technology; to share and reuse design
outcomes among teams members and even among different
teams; and to be able to identify different kinds of needs and
perspectives.
CoDICE is just a design case about how to integrate

some software engineering practices to support more efficient
information sharing and design rationale generation, but more
research into the use of computational aids for co-design
without compromising creativity is still required. In this
context, the use of augmented and virtual reality environments
to support creativity tasks is a promising direction. The
affordances of virtual spaces in terms of engagement, intrinsic

motivation, spatial or collaborative learning can be exploited
to generate richer computational co-design spaces, particularly
now that the availability and prices of the devices are changing
dramatically the spectrum of domains where these technologies
can be applied.
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