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Abstract

In this paper, we present the FUBImethod, a method based on six stages to co-design
interactive experiences based on Full-Body Interaction. The FUBImethod aims specifically to
engage children in co-design processes and to benefit from their natural playfulness and
expertise in movement. This approach allows designers to go beyond the surface level of
content-driven ideas by raising awareness of the body and space, and by proposing
techniques that help the design team to understand and incorporate the specific qualities that
constitute Full-Body Interaction. We also propose strategies to strengthen the children’s
perspective in the design process in reaching a common agreement in the design goals and
the selection of adequate design choices within the design team. We ground our theoretical
discussions on the outcomes of the research project “Evaluation-Driven Design”, the goal of
which was the exploration and definition of adequate research and design methods in Full-
Body Interaction.
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1. Introduction

The concept of Full-Body Interaction describes how the relation of the user’'s body moving in
space with the computer-controlled system supports meaning-making in the experience.
During the last decade, there has been a growing tendency in the development of learning
environments based on Full-Body Interaction in the Child-Computer Interaction community
(Malinverni and Pares, 2014a). Previous research points towards the benefits of Full-Body
Interaction to foster learning (Revelle 2013). These benefits are based on the opportunities
that Full-Body Interaction may offer to involve the users at different levels (e.g. sensorimotor,
cognitive and affective) and to facilitate the construction of knowledge through actions and
sensorimotor experiences (Malinverni et al., 2016c). This potential is particularly relevant for
experiences for children because they learn naturally by engaging and exploring the world
through their bodies.

More specifically, Full-Body Interaction provides us with a medium to capture how humans
navigate, discover and understand the world. This concept does not suggest that designers
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need to make simulations of the physical world. Rather, for the design of the interactive
experience, it implies to take advantage of the natural ways in which children deploy
themselves in the physical world and make sense of it. In this regard, Full-Body Interaction
entails a way to support the natural process through which they develop themselves as
human beings. One aspect is how children learn new concepts, ideas, activities, and skills,
as has been described by many authors from constructivism to constructionism (Papert,
1980; Piaget, 1955; Resnick, 2002), from free exploration to the analysis of specific
properties (Zuckerman and Resnick, 2005). In all these developmental processes, the
embodied nature of children’s exploration and discovery are an essential part of the learning
experience. In addition, research has shown how children create their own personal
conception of the world and of themselves both physically and conceptually (Ackermann,
2004). In other words, our cognition is developed through our experience of the world
(Barsalou, 2008; Gibson, 2014; Niedenthal, P. M.; Barsalou, L. W.; Winkielman, P.; Krauth-
Gruber, S.; Ric, 2005; Varela, 1996) by perceiving it and constantly acting within it through
our bodies.

A second aspect of how Full-Body Interaction may support learning is how children make
connections between the space and other properties surrounding them in an interactive
experience that are often not available in other types of Human-Computer Interaction (HCI).
One clear example is our sense of scale in space and the actions we perform in it. The sense
of scale helps us to compare our bodies and actions to objects and volumes around us
(Mora-Guiard and Pares, 2014) and understand how we fit in our world at that scale. These
spatial properties are reflected in our language (Lakoff and Johnson, 1999) as well as in our
non-verbal communication, such as through gestures (Goldin-Meadow and Alibali, 2002),
showing how our experience of the world through our bodies trickles into our understanding
of it.

Finally, Full-Body Interaction may also help us capture how we relate to other people and
living beings. In other words, we can be capable of mediating experiences to foster space
exploration and discovery. These experiences trigger the externalization of our
accomplishments and allow us to share them with peers (Vygotsky, 1980). We can then
internalize these events to assume them as part of our development as human beings. But
we can also use them in natural ways of undertaking socialising acts, from the most incipient
ones that lead to a social initiation, to the most complex of cooperation and collaboration, in
dyads or large groups, with our minds and with our bodies.

However, it is important to note each type of interaction (from desktop with keyboard and
mouse, to tangible interaction with meaningful objects, Augmented Reality, or interaction with
mobile devices through a simple touch screen, including Full-Body Interaction) defines a
different type of medium with its specificities, advantages and disadvantages. Therefore,
each one can be extremely useful or completely inadequate depending on the application, its
context and the way we want to mediate the interactive experience to the users. Our
research focuses on the benefits of Full-Body Interaction and on understanding when its
application can be justified.

Over the last decade most interactive experiences based on Full-Body Interaction have been
developed according to a Designer-Driven approach (Malinverni and Pares, 2014b); i.e., all
decisions related to the design of the experience and the system were only taken by the
designers. In this paper, we introduce a genuine user-driven design approach engaging
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children in the process of co-designing interactive experiences based on Full-Body
Interaction. In general, scholars have stressed the fact that often, systems developed without
user participation do not properly grasp users’ understandings and worldviews (Muller and
Druin, 2010), which are essential to frame an effective learning experience. Moreover, Full-
Body Interaction, as part of the embodied interaction paradigm (Dourish, 2001), involves the
design of spatial, sensorimotor and aesthetic aspects of the experience. These aspects entail
the challenge being aligned with the definition of the learning contents and interaction design
choices. However, previous research has shown that in general, systems based on Full-Body
Interaction often incorporate the notion of the body and space only on a functional level
(Malinverni and Pares, 2014b). For instance, some designers tend to trivialize the concept of
Full-Body Interaction and adapt mechanics from traditional WIMP (Windows, Icons, Menus,
Pointer) interfaces, by using the body as a mere mouse-cursor to click on digital buttons and
choose menu options such as those used in desktop applications, for example.

Responding to these shortcomings, a growing number of studies have proposed initial efforts
to involve end users in the design of Full-Body Interaction Learning Environments (FUBILES)
(Enyedy et al., 2012; Grgnbaek et al., 2007; HOysniemi et al., 2005; Landry et al., 2012;
Malinverni et al., 2016c¢; Schaper and Pares, 2016). Several of these studies have involved
users to better understand their previous knowledge, interests and motivations towards the
learning topic (Enyedy et al., 2012; Malinverni et al., 2016c; Schaper et al., 2014). However,
many of these approaches are based on research methods developed for traditional WIMP
interfaces and primarily aim to co-define content-related aspects. Consequently, these
approaches run the risk of excluding sensorimotor and experiential aspects. This becomes
particularly critical in Full-Body Interaction since it is based on theoretical frameworks related
to embodied cognition and experiential learning; i.e., it suggests that human bodies play a
central role in shaping and understanding interactions in experiences of the world (Svanaes,
2013). Novel design strategies that challenge the WIMP approach can be found, for instance,
in the research of somaesthetic- and dance-inspired interactions. These approaches focus
on embodied characteristics of human movement in design such as movement qualities
(Alaoui et al., 2015, 2012) and somatic experiences (Francgoise et al., 2017; H66k, 2010).

Designing for Full-Body Interaction with young users requires designers to research,
understand and include children’s perspectives on the embodied experience. But involving
children in the design of technology has its challenges. Previous research has pointed out
that in general there is a lack of adequate design methods to allow children to fully participate
in the design process (Iversen and Dindler, 2013). lversen and Dindler (2013) claim that the
research of design methods for children has often focused on the “notions of what children
cannot do”, such as the limits of their cognitive and motor skills. However, we argue that
research on embodied interaction can specifically benefit from children’s playfulness and
constant movement.

Most people lose their natural playfulness in adulthood due to daily routines, obligations and
the awareness of socio-cultural norms. These developmental changes lead some adults to
feel uncomfortable during tasks that involve play and the performance of unusual movements
(Hickey-Moody et al., 2016). Moreover, adults often have difficulties to reimagine their
motivations for certain childhood experiences (Yip et al., 2017), specifically those which
include body sensations. In a sense, we could, therefore, conclude that childhood is a special
life period in which children seem to be more strongly connected to their bodies than adults.
Consequently, these skills and knowledge make them experts not only in the design of
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embodied interaction but specifically for embodied technologies and experiences that are
designed for them as users.

Building on these findings, we propose a structured Full-Body Interaction co-design method:
the FUBImethod. We understand a method according the definition by Walsh et al. (2013) as
a collection of techniques used in conjunction with a larger design philosophy. The main goal
of the FUBImethod is to help co-designers in Full-Body Interaction to guide design teams
including children and their design sessions with a number of techniques to foster embodied
awareness. This procedure makes the body the focus and protagonist during the design.
With this method, we particularly aim to engage children in co-design processes and to
benefit from their natural playfulness and expertise in movement. Therefore, we give high
priority to providing tools that make children understand how their bodies mediate their
experience of the world, and hence how they can propose computer-based activities in which
the body plays a meaningful role. On the other hand, we propose strategies to strengthen
children’s perspectives in the design process and achieve a common agreement in the
design goals and design choices within the design team.

The paper is structured as follows: In chapter two, we provide an overview of related work
within Child-Computer Interaction. Chapter three provides an exhaustive account of the
FUBImethod emphasizing how this particular method can contribute to the design of Full-
Body Interaction based on the valuable input from children. We discuss how the FUBImethod
contributes to existing research on Full-Body Interaction in chapter four, and conclude the
paper by outlining how other research fields could benefit from children’s skills and expertise.

Throughout the paper, we will be describing co-design processes and hence will be referring
to a multi-faceted team of people. Namely we will be referring to interaction design experts
that will be leading the design process through the FUBImethod that we describe, and to
which we will refer as the "design experts". We will be also referring to experts in the field of
application, such as teachers in educational applications, museum curators in heritage
applications, etc., and to whom we will be referring from now on as "field experts". Finally, we
will also be referring to the children who will be the target users of the final experience, but
who also have a central role in the co-design process; we shall refer to them as "children".
The whole team will be referred to as the "co-design team" and its members will be the "co-
designers" as a whole.

2. Related Work
2.1 Challenges in Full-Body Interaction Design

Designing for Full-Body interactive experiences requires understanding the underlying
theoretical framework of this concept and the ways in which it can support learning.
However, research in HCI has often been primarily concerned with the comprehension of the
user's mind, but little attention has been paid to its connection to the bodily experience
(Malinverni and Pares, 2014b). This strict separation between body and mind has its roots in
fundamental principles of Western culture. Descartes, in this context, formulated the theory
of Cartesian mind-body dualism in which he defined the human as an immaterial mind having
a physical body. According to him, a human being can be considered a self-conscious entity
whose body is controlled, similarly to a machine, by natural laws (Svanaes, 2013). In contrast
to this dualistic vision, in recent years, the concept of learning with and through the body has



been gaining increasing attention in contemporary studies of embodied interaction. This
research is based on theoretical frameworks related to embodied cognition. It suggests that
cognition and knowledge cannot be restricted only to the mind but they arise in the relation
between the mind, the body and the world (Wilson, 2002). Hence, human bodies play a
central role in shaping interactions and experiences in the world and their understanding
(Merleau-Ponty, 1962). In contrast to Descartes, Merleau-Ponty argues that every individual
is a “lived body” in the world whose self-awareness is closely connected to the interaction
with the physical environment and with others. Thus, according to Svanaes (2013) the
emphasis on the lived body as a steering motor for the user experience represents a radical
break with Cartesian body-mind dualism.

These theories are supported by research in the field of cognitive science, which suggests
that cognitive processes are influenced by our own physical activity and imitation of others’
behaviour. Particularly during the first years of life, movement (Kontra et al., 2012) and the
ability to imitate (Jones, 2009) form an integral part of child development for motor, cognitive
and social skills. Within this framework, we concentrate our research on the benefits of Full-
Body Interaction. This interaction concept takes advantage of users’ motion and body
capabilities to interact and construct meaning in physical and virtual space. From a
theoretical perspective, Full-Body Interaction has the potential to support learning (Revelle,
2013). Research in this field is grounded on the hypothesis that involving users at different
levels (e.g. sensorimotor, cognitive and affective) and the performance of specific gestures
during the interactive experience may facilitate the construction of knowledge (Freiler, 2008;
Glenberg, 2010; Goldin-Meadow and Alibali, 2002). At the same time, conceptual changes
can be shaped by the specific physical characteristics of the environment (Hornecker and
Buur, 2006; Marquez Segura et al., 2016), socio-cultural influences (Hornecker et al., 2014)
and the living experience of others’ actions in the world (Ackermann, 2004).

When designing learning experiences for Full-Body Interaction, the design team must tackle
three fundamental challenges.

The first challenge is the need to make sure that Full-Body Interaction is an adequate type of
interaction for the contents for communication. Scholars have established benefits of
activities based on using embodied resources to strengthen the sensorimotor, cognitive, and
socio-emotional aspects of the user experience (Antle, 2013).

The second challenge concerns the need to carefully align the design of the embodied
activities with the content of the experience and children’s level of comprehension
(Malinverni and Pares, 2014b). Recent studies claim that, on the one hand, the design of
embodied learning technologies for children often ignores the variability in their cognitive
development and behaviours. On the other hand, researchers do not consider the contextual
variables that influence the situated use of interactive products for them (Antle, 2013).
Therefore, it is important to research aspects related to children’s development,
understanding and worldviews such as previous knowledge, interests, and values.

The third challenge refers to the need to develop methods that facilitate designing for and
with the body. Designing for embodiment involves understanding users’ sensations of bodily,
spatial and social aspects of the experience. Particularly, when working with children, adult
designers cannot rely on their own childhood experiences to inform technological designs
(Yip et al., 2017), particularly not when we design for children’s specific felt-experience
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during play. However, most co-design techniques have been developed for traditional WIMP
(Windows, Icons, Menus, Pointer) interfaces and principally aim to co-define content-related
aspects. Consequently, these approaches run the risk of focusing on the cognitive aspects of
the experience only, and neglect the sensorimotor and experiential counterparts.
Furthermore, for most designers, the notion of Full-Body Interaction is a new experience,
which makes it difficult for them to imagine how FUBILEs could work. They therefore struggle
to contribute new ideas to the design process.

Several researchers have questioned the methodological appropriateness of the techniques
and methods employed to design for embodied learning. The risks of applying criteria that
conflict with the roots of embodiment have been highlighted (Harrison et al., 2011). Antle
(2013) highlights the current tendency for positivists’ research methods that ignore the
variability in children’s cognitive development, behaviours and the contextual variables that
influence the situated use of interactive products for children. Further reflections stress the
need to move beyond the evaluation of only cognitive aspects in order to encompass the
wider range of human resources included in meaning-making processes (Jewitt, 2013).
Malinverni and Pares (2014a) point towards a lack of user involvement in the early stages of
the design process and a general scarcity of embodied design techniques for children. In
summary, these limitations point towards a general need for research efforts on novel
approaches for Full-Body Interaction design methodologies.

Inspiration for novel strategies can be found in related research areas of other embodied
interaction technologies that use the “lived body” as a steering motor to understand and
design for the user experience.

2.2Embodied Design Methods

The role of the body has become the key to design ideation across a wide range of research
fields in HCI, such as tangible interaction, wearables, virtual, augmented and mixed realities,
the Internet of Things, etc. (Wilde et al., 2017). Several scholars use somatic practices such
as Feldenkrais, Mindfulness, Dance and Somaesthetics (H&6k et al., 2016) to develop
theories and practices around movement qualities and experiential artefacts. Francoise et al.
(2017) stressed the importance of kinaesthetic awareness in embodied design to understand
the subjective experience of the user. Alaoui (2015, 2012) focused on movement qualities
during dance performance. H6dk (2010), in an autoethnographic study, researched the
qualities of horseback riding. The aim was to provide knowledge for the design of digital
technology that is grounded on fostering physical experience; e.g. rhythm, balance, link
movement, and emotion. Loke and Robertson (2010), in collaboration with trained dancers,
studied the qualities of the act of falling. The goal of their research was to understand the
first-person experience and external representations of the movement for the design of
motion-sensing technologies. These strategies challenge the WIMP approach by focusing on
deeply embodied characteristics of human motion in design.

On the other hand, many designers derive their practices from performance methods, for
instance, lacucci et al. (2002) use situated scenarios to envision new ideas. Giaccardi et al.
(2012) employ a technique based on embodied narratives using Polaroid PoGo instant digital
cameras to collect ideas. Furthermore, in their research a number of scholars demonstrate
the benefits of bodystorming in the form of role-play (lacucci et al., 2000; Marquez Segura et
al., 2016; Simsarian, 2003) as an effective design and evaluation method in human-centred
design workshops. The outcomes confirmed that this technique facilitates effective design

6



solutions, helps end users to reflect upon their own behaviour, and allows the users’ views to
be incorporated in the design process. Other scholars explored using small-scale
representations of humans and design elements. For instance, Lerdahl et al. (2002)
proposed a technique using objects that represent users and objects. This approach has
been seen to provide participants with a contextual perspective in the task design. lacucci et
al. (2000) investigated the use of toy characters and role-play as objects for confronting
challenges in the design of mobile services and devices. They reported that role games
using toy characters and contextual and environmental representations provided a platform
that helped in the process followed by players to envision and enact new mobile product
concepts. In this context, Lim et al. (2006) argued that the material used in prototypes has a
direct impact on users’ perceptions when it is used for evaluating a design concept and
usability issues. Based on this framework, different materials and objects have been
explored to represent users in the design process, such as paper silhouettes and Ludo
tokens (Jakobsen, 2012), pieces of foam (Brandt and Grunnet, 2000) and Lego characters
(Pedersen and Buur, 2000). This approach provides participants with a bird-perspective on
use situations and enables them to explore and discuss simultaneous acts of different
represented users (Jakobsen, 2012).

Other designers focus on elicitation techniques for physical actions (Connell et al., 2013;
Malinverni et al., 2016c). For instance, Connell et al. (2013) used the Wizard of Oz approach
to elicit children’s gestures for object manipulation, navigation-based tasks, and spatial
interaction. Wobbrock et al. (2009) suggested that often, user-generated gestures are easier
for the user to handle than those defined by the designers only. These physical actions must
be essentially automatically executed and not rely on the conscious step-by-step learning of
a pre-defined gesture grammar (Antle et al., 2009; Pietroni et al., 2012).

Despite this broad panorama of embodied design methods, in the Child-Computer Interaction
community, only some embodied interaction research studies have explored their benefits
when working with children. For instance, one example of using performance methods is the
StoryRooms (Alborzi et al., 2000) project in which designers explored the benefits of
bodystorming. During the workshop, children and other members of the design team enacted
possible sensors, actuators, and the interactive system by using their bodies, spotlights and
other low-tech material.

Other scholars have researched the benefits of elicitation techniques with children. For
instance, Hoysniemi et al. (2005) used Wizard of Oz (WOz) prototyping to evaluate testing
the intuitiveness of game mechanics. In this project, children could control an avatar which
had to run, jump or swim. The authors used the WOz method to simulate the playing
experience and asked the children to imagine and perform the physical actions that they
thought were best to control the avatar. Landry et al. (2012) used a similar Participatory
Design and WOz approach to analyse the types of movements which children would enact
while playing in the Interactive Slide platform (Soler-Adillon, 2009). An important aim of this
study was to draw children’s attention to the physical potential of the slide within an
interactive experience and to help them adapt their interaction design ideas to these specific
qualities.

These latter examples provide first attempts to understand children’s felt-experience with a
Full-Body Interaction prototype. However, we claim that further research is required to go



deeper into strategies that promote children’s embodied awareness and ideation for the
specific qualities of Full-Body Interaction and their embodied experiences.

2.3 Multimodal Analysis to understand the Embodied Experience

Research in the Child-Computer Interaction community stresses the importance of children’s
participation during technology design activities to ensure that they support them in ways that
‘make sense for them as young learners, explorers, and avid technology users” (Druin,
2002). On the other hand, scholars have shown how co-design workshops, particularly,
provide opportunities for the direct observation of children’s embodied meaning-making
(Malinverni et al., 2016b). However, to properly collect and understand these latter aspects, it
is necessary to go beyond the analysis of only explicit verbal feedback or usability issues. At
the same time, designers need to tackle the challenge that children express themselves
differently than adults. Multimodal Analysis is another interdisciplinary approach to collect,
analyse and interpret the multiple resources (e.g. body postures, spatial interaction, facial
expressions, gaze, verbal expressions, drawings, etc.) that children employ during the
activities. This research method proposes an analytical lens to understand how users employ
different modes to construct and express meaning (Malinverni et al., 2018). Multimodal
Analysis is derived from socio-semiotics and focuses on communication and situated
interaction from a perspective that goes beyond the Ilimit of verbal language and
encompasses the different resources that people use to construct meaning (Jewitt, 2013).
On a theoretical level, it is grounded on the key concept of mode, which constitutes a set of
socially and culturally shaped resources for making meaning, e.g., the ensemble of writing
and images on a page (Jewitt, 2013). According to this framework, each mode has a set of
modal affordances, which refers to ‘what is possible to express, represent or communicate
easily with the resources of a mode and what is less straightforward or even impossible’
(Kress, 2010). Its application in research on embodied interaction has proved suitable to
analyse and understand user interaction in highly multimodal experiences (Price et al., 2015;
Price and Jewitt, 2013; Van Mechelen et al., 2016). Its application in the analysis of co-
design activities for Full-Body Interaction can offer relevant contributions to observe and
analyse the meanings that are constructed through the different modes offered during these
activities.

2.4 Co-Design Practices in Child-Computer Interaction

Involving children in the co-design of embodied technologies requires providing a common
view on their participation and role as designers. This view guides the design team through a
process of collaboration, felt-experiences, exploration of ideas, decision making and critical
reflection of the project outcomes. In general, user involvement in HCI research is grounded
on theories derived from cooperative design (Bedker et al. 1988), participatory design
(Schuler and Namioka, 1993; Simonsen and Robertson, 2013), and contextual inquiry (Beyer
and Holtzblatt 1998), among others. However, there is no unified view of how user
participation should take place (Muller and Druin, 2010). Each framework implies different
underlying values and assumptions about stakeholders’ roles and agency in the design
process.

Participatory Design originates from the Scandinavian countries. Its theoretical perspective
and epistemology imply understanding Participatory Design as “a different way of knowing”
(Frauenberger et al., 2015), i.e., designers need to evaluate why and what they want to know
about a product or experience. This process of knowing is directly connected to participation
and practice. In the early stages of the emergence of Participatory Design, users were
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involved to understand their use of technologies and how they affected their lives (livari et al.
2015). Later, the participation of both adult and child users was extended to roles such as
design partners, informants, and testers (Nesset and Large 2004). Each of these roles has
its own function, depending on project resources, designers’ philosophy and intentions. The
role of “design partners” arises from the idea that every stakeholder contributes with their
own expertise during the design process (Druin, 1999). This starting point breaks traditional
power hierarchies between experts and users as well as between adults and children.
Building on this, Yip et al. (2017) proposed a framework that examines the complementary
roles between children and adults. These scholars argue that adult-child partnerships in
design processes are often composed of four main dimensions: (1) facilitation, which refers
to how much support and mediation takes place between the adults and children; (2)
relationship building, which refers to how much social interaction occurs in the co-design
group; (3) design-by doing, which refers to moments when design activities (such as
prototyping, evaluation, etc.) take place, and (4) elaboration, which refers to how adults and
children exchange and generate ideas together. The framework shows that defining the roles
of adult-child partners in co-design as “balanced” or “unbalanced” is not an easy task. Each
dimension has moments when participants dominate the design task or work collaboratively,
i.e., the role of each partner and the range of interactions between each other can vary
between individuals, groups and even between sessions.

Other approaches situate their view of the child-designer relationship between the user-
centred and participatory perspective, following an informant design model (Scaife and
Rogers, 1998). During informant design, designers tend to involve children at stages in which
they consider children’s input as appropriate and critical (Walsh et al., 2013). However, this
approach has been criticized for taking the risk that only designers make the core design
decisions (lversen and Dindler, 2013) and that children’s participation may “become
decoration” (livari et al., 2015). To prevent this hazard, Read et al. (2002) proposed the /IBF
Participatory Continuum Model that distinguishes between design experts (academics) and
domain experts (children and/or adult helpers). According to Read et al. (2002), the
participation of domain experts in the informant design model is mainly limited to informing
the design experts without any further agency. In contrast, the balance design approach
targets an equal partnership between design experts and domain experts, and in the
facilitated design approach, the domain experts are supported by design experts to
implement their ideas.

From the standpoint of the original Scandinavian approach, Participatory Design embraces
three political ideals: democracy, emancipation, and skilfulness (Ilversen and Dindler, 2013).
In practice, these underlying values shape the dialogue between stakeholders and designers
and the design methods that are employed. However, when designing with and for children,
there has been no tradition of an explicit consideration of these core values to guide design
projects (Yarosh et al., 2011). Therefore, recent design efforts in Child-Computer Interaction
are increasingly focusing on how to improve dialogue and symbiotic agreement (Dindler and
Iversen, 2014) in design teams. For instance, Frauenberger et al. (2015) proposed a “tool-to-
think-with” to enhance the notion of accountability and rigour in the design process. They
specifically aim to encourage design practitioners to reflect upon the collaborative work in a
design team, decision making and outcomes in a transparent way. Building on this work, Van
Mechelen et al. (2016) proposed the GLID method to increase internal rigour and
transparency in co-design practices and go beyond the surface level of ideas by identifying
participants’ values embedded in design outcomes. Furthermore, Iversen at al. (2017)
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claimed that a commitment to political participatory design requires the definition of a new
role for children in participatory practices — the role of protagonist. This role implies not only
giving children a voice in the design process — or letting them act as co-designers, but also
empowering them adequately to influence technological development and critical reflection
on the role of technology in their lives.

However, none of these co-design strategies has specifically focused on methods and
techniques that allow participants to explore, reflect or incorporate the notion of the body in
their design proposals. We aim to close this research gap by proposing an approach that
responds to the current design efforts in Child-Computer Interaction and Full-Body
Interaction design by focusing particularly on the question “how can we engage children and
their bodies in co-design processes?”. At the same time, we aim to enhance the collaborative
work within design teams.

3. FUBImethod

The FUBImethod that we describe in this paper proposes a set of clearly defined steps to
help co-designers in guiding intergenerational teams (interaction designers, teachers, topic
experts, etc.) with children to understand the role of the body in a Full-Body Interaction
experience, to make a justified use of Full-Body Interaction and make the most of its
properties. The stages make co-designers raise their awareness of their bodies and of
space. They also help co-designers in the process of translating the properties of Full-Body
Interaction into concrete design ideas and of exploring them in different prototype iterations.
We decided to present the FUBImethod through multiple projects to illustrate different
scenarios of its application in Full-Body Interaction. These strategies are explained and
contextualized within real projects that we have developed in the research project
“Evaluation-Driven Design”. The goal of this project was oriented towards the exploration and
definition of adequate research methods for Full-Body Interaction Learning Environments
(FUBILEs). We believe that these strategies provide excellent results, however, they are by
no means the only possible strategies for use at each stage and we invite designers and
researchers to add new ones. Therefore, the six stages of the FUBImethod act as a
container that provides a conceptual structure for designing Full-Body interactive
experiences. On the other hand, we stress that this paper is not an attempt to validate the
FUBImethod because it will be clearly validated through its use in time. We propose the
method and its stages as a sequence of steps and strategies to co-design Full-Body
interactive experiences. Our aim is to share the specific advantages that this process has
shown with the HCI community and support the results through our experience in applying
the design stages in a number of projects.

The method is situated between the Informant Design and Participatory Design model. In
other words, the design team decides when the involvement of each stakeholder is
appropriate according to the needs of the specific project (Scaife et al., 1997). There are
numerous ways to include stakeholders as informants in the design process. Usually, the
role of informant implies observing stakeholders’ actions and listening to their feedback
during the design activities. Our method differs from the original Informant Design approach
by focusing on the expertise that stakeholders (Dindler and Iversen, 2014) can bring into the
design process and on a mutual learning approach between adults and children.
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On the one hand, children benefit from adults’ expertise in design, knowledge of the design
context (e.g., topic related to natural science, cultural heritage, arts, etc.) and somatic
practices (physical theatre, yoga, Feldenkrais, etc.). On the other, the method builds on the
notion of children’s skilfulness (lversen and Dindler, 2013) in Full-Body Interaction design,
i.e., young designers can contribute with a different perspective of using the body (i.e.
playfulness and natural movement). Furthermore, we particularly concentrate on providing
adequate design techniques that allow children to fully participate in the design process
(Iversen and Dindler, 2013). This participation can imply both indirect involvement, through
observations of children’s behaviours, or direct involvement, through design activities aimed
at defining design proposals and evaluating prototypes.

For the development and definition of our approach, Mathiassen’s work (1998) on “theories
and method for system development” has provided us with useful guidelines to structure the
theoretical framework of the FUBImethod. From Mathiassen’s perspective, a method is
limited to a specific application area. In our research, we focus on the exploration of the
potential of Full-Body interactive experiences for children. Furthermore, Mathiassen stresses
that a design method also defines a general perspective on a phenomenon as well as an
underlying theory of system development. Our research focuses, on the one hand, on the
need to include children in interaction design, and is based on assumptions of embodied
cognition theories. According to Mathiassen, this perspective frames the principles of
organization that characterize a co-design process and which fools and techniques the
design team decides to employ.

Building on Mathiassen’s perspective, the FUBImethod is organized in six design stages as
follows: (1) Defining a Common Ground, (2) Defining Context and Goal Appropriateness (3)
Awakening Embodied Awareness, (4) Translating Embodied Experience, (5) Prototyping
Embodied Experience and (6) Understanding Embodied Experience (Figure 1).

1 Defining a Common Ground

¥

2 Defining Context and Goal Appropiateness

¥

3 Awakening Embodied Awareness

4  Translating Embodied Experience
C 5 Prototyping Embodied Experience

6 Understanding Embodied Experience

Figure 1: FUBImethod overview

We will now illustrate how the FUBImethod may be employed using the outcomes of a
number of design examples.

Defining a common ground for participation within the network
3.1.1  What does this design stage involve?
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This design stage aims to establish the participation of the co-design team within the
network. Therefore, each member needs to reflect upon their own lenses for personal
interests, values and commitment level in the project. It is important to note that this stage is
the foundation of co-design projects in general and not only relevant in Full-Body Interaction
design. The final goal is to achieve symbiotic agreement (Dindler and Iversen, 2014), i.e.,
relationships based on mutual accords among co-designers where symbiosis is understood
as a state “in which every protagonist is interested in the success of the other for its own
reasons” (Edwards, 2010). We focused our research particularly on emerging values that
concern the agreement on children’s roles and participation throughout the design process.

3.1.2 Why is this design stage important?

Muller and Druin (2010) describe co-design as a third space that helps build bridges to
convey knowledge and practices between researchers, developers and end-users. Thus, the
concept of symbiotic agreement can help balance each stakeholder's professional
knowledge and reach a consensus on values and power relations within the design team.
This approach can promote the capacity for mutual learning, negotiation of assumptions and
shared construction of the design between the particpants. Furthermore, it increases
commitment and ownership of the evolving knowledge and design within the team. In design
projects with children, these aspects are relevant because they help to engage them in the
design activities and leverage the expertise they can contribute to the design. According to
Makhaeva et al. (2016), this project stage can also be reflected in the concept of a
Handlungsspielraum, the creative space in which the co-design team collaborates, and
predefined structures and freedoms in the design process are explored. Thus, the
Handlungsspielraum defines the role of each co-designer and which research methods are
employed.

3.1.3 How has this design stage been employed in practice?

In this design stage, we propose approaches that allow (1) researching co-designers’ values
and assumptions on children’s roles in the design process and (2) employing strategies that
facilitate an open dialogue on the values of children’s participation. In practice, we addressed
these goals in the project Refugi 307 (Schaper et al., 2018a). Its main goal was to design an
educational experience of a Spanish Civil War shelter that would complement the traditional
guided visit to it (Figure 2). In the first design stage of this project, we focused on the analysis
of different viewpoints of the stakeholders in order to define new strategies that could
balance the power relations between adults and children (Schaper et al., 2018b).

Researching co-designers’ values and assumptions requires the use of methods that permit
a critical reflection upon the design process. In this project, we used Critical Discourse
Analysis (van Dijk, 1993) to compare stakeholders’ expectations at the start of the project.
Scholars (livari et al., 2015) in the field of HCI have employed this method to analyse power
relations and domination in socio-political contexts, e.g., between different “actors” in the
design process. These structures are commonly expressed through statements (e.g., in the
form of language, drawings or technological artefacts (Spiel et al., 2016)). In our study, we
focused on stakeholders’ oral and written contributions. Our analysis started by carefully
reading the data archive described above. Potential statements were extracted using
NVivo11 software and synthesized into one document. To facilitate the comparison of
viewpoints, we kept the statements of each stakeholder group (museum experts, teachers,
designers, and children) in a separate column. We reviewed the data and coded the
statements according to repeated concepts that reflected stakeholders’ ideologies. We
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detected the repeated concepts as follows: (1) co-designers’ cultural values related to
childhood (solidarity, respect, empathy, identity, enjoyment, ignorance, incompetence and
influenceability), and (2) their expectations of children’s role and agency in the design of the
educational experience (empowerment, co-creators, active participation, informants, guided
learning, collaborative learning, educator-controlled learning). Two design experts then
discussed and compared the discourses produced which were grounded on co-designers’
ideologies and attitudes expressed in the statements.

Finally, we wished to reveal a general outline of differences in the discourses of the co-
designers relating to childhood and children’s role in the design process. To achieve this, we
categorized the outcomes according to a theoretical framework that represents a discursive
construction of the concept of childhood. This framework was originally proposed by James,
Jenks and Prout (James et al., 1998) through which they identified the following categories:
the evil child, the innocent child, the immanent child, the naturally developing child, and the
unconscious child. This framework was further developed by Skovbjerg and Bekker
(Skovbjerg et al., 2016), who adapted it as a card tool called CHIld PerspectiveS In Design
(CHIPS) to work with values on children’s roles in design.

In this project, we discussed and contrasted the different viewpoints of three design experts,
one curator, one museum educator, three guides, four teachers, and 40 children (girls = 18;
boys = 22; mean age = 10.78 years). Our findings showed that the underlying assumptions
of adult co-designers, as well as their expectations of children’s design skills and roles in the
design process were strongly influenced by different concepts of views on childhood. More
specifically, we detected major differences between the expectations of the design and field
experts. In a sense, the field experts believed that children should only “learn from us”
whereas the design experts also assumed that we could “learn from children”. The
museum’s design practices for guided visits and learning materials were grounded on a top-
down model based on content-driven strategies. Conversely, the design experts considered
the analysis of children’s interests and behaviour as the starting point for the design process.

Subsequently, we, as design experts, guided the agreement process and defined strategies
aimed at facilitating negotiations through open dialogue between different viewpoints and
objectives among the co-designers. On the one hand, we proposed involving field experts in
future design sessions with the children. We assumed that this procedure could give the field
experts the opportunity to observe children’s participation and to better value their
contributions as potential design partners. On the other hand, we proposed interviewing them
directly about their own involvement and experience during the workshops. This procedure
may motivate children to participate in the design process because they feel that their
opinions are as valued as those given by adult co-designers.

Building on our experiences in this project, we recommend employing methods based on
Critical Discourse Analysis to detect frictions in co-designers’ assumptions on values and
roles throughout the project. It is also important to note that values and roles are
continuously evolving and being redefined during the design process. The approach directs,
among other aspects, decision-making processes on how goals and expectations should be
communicated between co-designers, but also determines the choice of methods and
techniques used during co-design workshops.

3.1.4 Which risks and limitations does this technique involve?
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The proposed strategies would certainly make demands on the field experts because they
require the capacity for being open-minded, to recognize and adequately respond to what
others might offer. Edwards (2010) highlighted that the rejection of new ideas through
collaborating with other professionals is more likely to occur in workplaces that are bound
together by the bureaucratization of professional practices and embedded in routines than in
organizations that are driven by the co-production of solutions, such as software engineering.
Our results showed that curators in museums and cultural heritage sites were primed by
conservative approaches of defining educational experiences and working practices. lversen
and Dindler (2013) stress that these dilemmas can be overcome by proposing appropriate
methods as a springboard to help stakeholders to reimagine and re-engage with their values.
Therefore, we believe that in this project, we need to make a greater effort in mediating co-
designers’ comprehension related to the need for shared agency. This process requires co-
designers to acknowledge the benefits that may result from the common knowledge built up
between the design team members, specifically the knowledge children can bring into the
design process.
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Figure 2. Left and centre: A school class during a guided visit to the Spanish Civial War shelter “Refugi 307"
Right: Two children during the co-design workshop in class filling out a storyboard with a possible narrative for the
guided visit.

3.2 Defining context and goal appropriateness

3.2.1 What does this design stage involve?

The goal of this design stage addresses two fundamental challenges outlined in the
introduction of this paper. First, the co-design team needs to define an educational context
and contents that are aligned with children’s knowledge, interests, understanding and socio-
cultural values. A second design challenge concerns the need to question the goal
appropriateness (Malinverni and Pares, 2017) of the employed medium, i.e., whether Full-
Body Interaction is the best design solution to support the defined design or learning goals
(Malinverni and Pares, 2014b). This notion builds on the contribution of media theory
(McLuhan, 1964) and multimodal social semiotics (Van Leeuwen, 2004). According to
McLuhan (1964), all media are active metaphors which have the power to translate and
transform experiences into new forms. As a consequence, each medium constitutes itself a
message (Levinson, 1993) since it conveys specific meanings and shapes perceptions
through its features. These features delineate a panorama where each medium can be more
or less appropriate to convey specific meanings or support specific experiences. In the
context of FUBILES, this implies that designers should carefully understand the specificities
of Full-Body Interaction in order to define the goals and experiences that can be better
supported by this medium.
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3.2.2 Why is this design stage important?

In this stage, the co-design team evaluates if the project goals are appropriate for children as
a target group. This first step is essential for the design process because it allows, for
instance, identifying children’s knowledge gaps that can be addressed as learning goals.
Furthermore, it can inform the design team about potential concepts that can bridge the gap
between what children already know and novel knowledge, i.e., children’s previous
knowledge can be used as an entry path for the comprehension of novel learning contents
(Rogoff, 1998). For this reason, children’s participation is required to research their
perspective on the context and contents. The outcomes of this requirement gathering
determine if a project continues or if changes are required in the focus of the design goals.
Moreover, in this step, co-designers examine if the concept of Full-Body Interaction is the
best way to convey the design contents or if a different medium may be more adequate.

3.2.2 How has this design stage been employed in practice?

In this design stage, we propose using design techniques that allow researching (1)
children’s worldviews on the learning context, and (2) what the concept of Full-Body
Interaction can add to the educational experience. To combine these aspects in a single
approach, we proposed the Dwelling Space Technique. The use of the technique allowed us,
on the one hand, to understand children’s worldviews in relation to an educational context.
On the other hand, we were able to observe how the children became bodily engaged with a
specific physical space. These aspects helped us to understand how Full-Body Interaction
could contribute to an improvement of the learning experience. We explored the potential of
the technique within the project Refugi 307 (Schaper et al., 2018a). Twenty children (14 girls;
6 boys; mean age = 10.7 years) participated in the study. First, the children joined a guided
visit through Refugi 307 (90 minutes). Subsequently, for the Dwelling Space Technique, they
were randomly divided into groups of four. To debrief the children, we used the KidReporter
method (Bekker et al., 2003) that proposes a playful activity for children in which they
investigate a specific topic by pretending to be a journalist of a newspaper team. In our
project, each group received a map of the shelter and was asked to choose the place that
had caught their attention the most. The children were then instructed to imagine that they
were recording a report on Refugi 307 for a local TV channel. Each child was randomly
assigned a role and asked to act as a reporter, a cameraman or an interviewee. We gave
each group 10 minutes to choose one place of interest and to brainstorm how they would
perform the interview. The children carried out the activity inside the actual cultural heritage
site. The groups entered the shelter again accompanied by two adults. They were
encouraged to go to the place of their choice and to record a short video of approximately
two minutes about why their group chose that place and what made it the most interesting
part of the shelter for them (Figure 3, left). A day later, we conducted a workshop in school
(60 min) during which the children were asked to propose a redesign of the guided visit. The
children worked in the same groups as during the first session. They first brainstormed ideas
within the group, wrote their main ideas down and presented them later to the entire class
(Figure 3, right). The brainstorming and presentation were video-recorded and analysed
following our multimodal methodological approach. We will explain its procedure in more
detail in Section 3.6.3.

The results of the study revealed how being situated in the physical space during the
Dwelling Space Technique primed children’s interests expressed in the interviews and
contributions for the redesign activity. The interviews showed that they were particularly
interested in how the characteristics of the physical space had an impact on people’s
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experiences in the shelter. For instance, the children mentioned that the rounded finish of the
walls around corners facilitated the transport of injured people on stretchers. During the
redesign activity, the children proposed possible enactments within the physical space, e.g.,
using a pickaxe and a shovel to construct new parts of the tunnel and discover hidden
aspects in the cultural heritage site. Thus, we decided to include activities in the guided visit
based on children’s proposals for enactments. We assumed that these activities would allow
children to “embody” actions from the past (Flynn, 2013) and better empathize with Spanish
war civilians who helped to build the shelter. By performing the same actions as these
people, they could perceive the notion of the physical effort (Lyons et al., 2012) that civilians
made to save their lives and those of others.

Building on our experiences in this project, we recommend employing design techniques in
the first design stages that allow researching both children’s worldviews on the educational
context and the appropriateness of the interaction concept that designers envision. In this
project, the definition of the context was led by the design and field experts. Nevertheless,
depending on the project requirements, it is also likely that children will be involved in the
decision-making process of this aspect. Finally, we conclude that the technique is applicable
to other research contexts related to the design of child experiences and site-specific
locations. The activity helped to overcome different levels of children’s verbal expression
because they could include visual clues and body language. This allowed the co-designers to
assess children’s contributions on a multimodal level.

Figure 3. Left: A group explaining its interest in the medical room in the shelter). Right: A group brainstorming
ideas for the redesign of the guided visit.

3.2.4 Which risks and limitations does this technique involve?

We argue that the technique could be more effective if the redesign activity were be
conducted on site. This procedure would allow the children to explore different aspects of
their proposals motivated by their own interests and leave them more time for discovering
new aspects of the learning content at their own pace. In the study presented, we focused on
observing children’s interpretations and listening to their design proposals around the
educational context. However, the definition of the concrete activities for the interactive
experience was only made by the adults in the co-design team. This procedure risks the
children’s preferences coming into conflict with the pedagogical goals (Scaife and Rogers,
1998) and, thus, be misinterpreted or even neglected.

3.3 Awakening embodied awareness to understand FUBI features

3.2.3 What does this design stage involve?
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The goal of this design stage is to introduce the co-design team to the fundamental qualities
of Full-Body Interaction and to understand the features of the embodied child experience.
Therefore, we propose to organize workshop sessions that involve embodied exercises
aimed to make co-designers aware of sensations related to their own body and to
communicate them to other members of the team. In our research, we focus on embodied
techniques that allow engaging both adults and children in the design activities and promote
a mutual learning approach between them. Additionally, we recommend deepening this felt-
experience by facilitating exercises that promote awareness about how the body relates to
spatial and social aspects between people and the environment. The final goal of this design
stage is to get all co-designers of the team to understand these embodied qualities as tools
to generate meaning around the project context and train them in different ways to
“bodystorm” design ideas.

3.3.2 Why is this design stage important?

Due to the imprinting effect of our Cartesian Western culture (Kelan, 2010), people tend not
to be trained to intentionally use their body as an expressive medium. As a consequence,
while bodystorming approaches have proved to be particularly fruitful with trained
practitioners such as dancers or performers (Loke, Robertson and Sydney, 2013), they may
prove challenging to the general population. On the other hand, particularly in the design of
technologies for younger users, adults may benefit from children’s perspective on the body
and natural playfulness. Therefore, in our research we focus on embodied techniques that
allow engaging both adults and children in the design activities and promote a mutual
learning approach between them.

3.3.3 How has this design stage been employed in practice?

In this design stage, we propose using embodied design techniques that allow (1) co-
designers to become bodily engaged to explore the properties of Full-Body Interaction, and
(2) leveraging children’s perspective of the body. To address these challenges, we decided
to explore the potential of embodied elicitation techniques based on physical theatre play
within the project Magical Movements (Schaper and Pares, 2016). The main goal of the
project was, in collaboration with twelve students (4 girls and 8 boys) between 10 and 12
years and two teachers from the local theatre school Plaudite — Arts Escéniques de
Proximitat, to co-design a novel approach to integrate a storytelling experience in theatre
events. The co-design workshops focused on children’s worldviews in relation to
Shakespeare’s play A Midsummer Night’s Dream and led to the definition of content, visual
and interaction design ideas for a first design iteration of a Full-Body interactive experience.
During one workshop session, we introduced the students to an embodied co-design activity
based on collaborative performance and gestures, titled Situated Bodystorming Technique.
The technique is a bodystorming activity based on the physical theatre exercise “the machine
of rhythms” (Boal, 1992). We started with one child performing simple, repetitive movements
of their choice, related to the space and idea chosen by their team. The other children joined
in the exercise one after the other with a complementary movement. In this exercise, we
particularly encouraged the children to explore their physical actions in different locations and
to incorporate the space which surrounded their bodies in their proposals.

For the technique, the students were divided into small teams of four members. First, each
group brainstormed a narrative related to the concept of “magic” and defined a physical
location in the theatre school that represented their main idea. They were then asked to
perform their proposal of the narrative using the technique. The theatre teachers helped us to
correctly instruct the exercise and particularly encouraged them to incorporate the space
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which surrounded their bodies in their proposals. Therefore, we asked each group to perform
the exercise first in the workshop room (Figure 4, left), then in the location in the theatre
school that they had chosen (Figure 4, right), and finally again in a group presentation in the
workshop room. The children’s activity during the co-design session was video-recorded and
analysed following our multimodal methodological approach (see Section 3.6.3).

Our results showed that the technique allowed the children to explore sensations of
movement variations. By slowing down the pace of the movement, it became clearer to them
how various parts of the body interacted in the process of moving. Repeated movements
helped the children to keep their focus on the sensorial experience in relation to the situated
environment to compare sensations that they had imagined before their performance.
Enacting the physical actions in different locations helped them to explore questions of
person-space interactions (e.g., timing, coordinating and synchronizing body actions) and led
to understanding related to the capacity and constraints of body actions. Performing these
actions with their own bodies also allowed them to explore and become aware of the effects
of inter-relating movements between the different actors from an internal perspective.
Furthermore, the children paid attention to the movement of other actors sharing the same
action space. Finally, this technique was useful to train the children in using their body as an
expressive medium and to understand features that are relevant in Full-Body Interaction
design.

Building on our experiences in this project, we recommend employing playful design
techniques that engage children in bodystorming activities and allow them to reflect upon
their body sensations and relationships between proxemics.

Figure 4: Left: The students performed the concept of a magical garden. Therefore, they enacted different actions
such as hoeing, harvesting, and watering in the workshop room, and Right: repeated their performance in the
physical location that represented their core idea of the narrative.

3.3.4 Which risks and limitations does this technique involve?

Our results were mainly based on design experts’ observations during the activity. In future
projects, it would be advisable for adult co-designers to also experience the same body
exercises to gain a better understanding of the felt-experience. One possibility would be for
the children to instruct the adults in performing movements that transmit body sensations
from a child’s perspective. In this procedure, it would also be important to stimulate
conversations between all co-designers about the different sensations that they experience
during the exercises. On the other hand, the instruction of the exercise required the help of
professional theatre teachers. This finding suggests that at least one co-designer in the team
needs to be sufficiently trained in the technique used during the workshop. Another solution
would be to incorporate practitioners (e.g. physical theatre, somatic practices, etc.) in the co-
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design team and accompany those design stages which requiring their expertise.
Furthermore, this technique has only be explored with children who had previously been
trained in physical theatre practice. To make robust conclusions on the benefits of the
technique, future studies also need to research its potential in projects with children and
adults of the general population.

3.4 Translating embodied experience into co-design ideas

3.4.1 What does this design stage involve?

The aim of this design stage is to instruct the co-design team in how they can use their felt-
experience and knowledge in embodied awareness to define concrete design ideas for an
interactive prototype. It also aims to overcome legacy bias caused by users’ experience with
traditional WIMP and touchscreen interfaces (Ringel Morris et al., 2014). These deficiencies
have often been reported using gesture elicitation techniques for the design of Full-Body
interactive technologies (Hoff et al., 2016; Ringel Morris et al., 2014; Schaper et al., 2014). In
these contexts, users may tend to propose gestures that mainly emulate simple touch or
mouse-based interaction and do not incorporate the potential of Full-Body interfaces.

3.4.2 Why is this design stage important?

In the previous stage, the co-designers are trained in embodied awareness. This notion
entails non-verbal knowledge about embodiment and how sensations evoked through
movement can mediate an experience. In this step, we address the third design challenge
that was highlighted in the introduction. This challenge refers to the need to develop methods
that facilitate designing for and with the body. Thus, we propose using techniques that allow
translating this knowledge into tangible design ideas, i.e., this translation permits
transforming a feeling, sensation or idea into “a product” that can be experienced by others,
evaluated and redefined. Furthermore, we claim that in this design stage, children can
particularly contribute to design ideation due to their playful way of approaching and
expressing ideas. More importantly, they are the actual experts in understanding the child
experience that is designed for them as the target group.

3.4.3 How has this design stage been employed in practice?

In this design stage, we propose employing techniques that (1) use the felt-experience to
think of concrete interaction design ideas, (2) focus on situatedness (i.e., use the body in
space to make meaning), and (3) promote reflection upon social relationships (i.e., use
proxemics in the space with others to make meaning). Building on previous work on design
techniques with children, we decided to take advantage of their specific play patterns and
behaviours. Most children are familiar with puppet play. We assumed that using puppets as
design instruments for physical actions would allow, and additionally motivate, children to
actively participate in the design process. Furthermore, we believed that this approach could
allow children to express their ideas at different levels, through verbal articulation and
through play, for instance.

The potential of the Puppet-Based Design Technique was first explored in the Ecosystem
Project (Schaper et al., 2015). The goal of the study was to enable children to design
specific body actions of a FUBILE, aimed at supporting children’s understanding of
environmental issues related to air-pollution. The study involved the participation of nine
children (5 girls and 4 boys) between 10 and 11 years of age from a local school. At the
beginning of the session, the children first had the opportunity to interact with a mid-fidelity
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prototype of the FUBILE. The purpose of this activity was to familiarize the children with the
learning environment. In the subsequent workshop, they were encouraged to think of
different interaction ideas using the Puppet-Based Design Technique. Therefore, we asked
the children to think of gestures and movements which would show reciprocal relationships
between specific game elements, i.e., they were instructed to propose ideas which would
emphasize the relationship between wind energy and the energy consumption of a city, as
well as the relationship between plants and compost. We showed them a diagram depicting
the reciprocal relationships between the different elements (Figure 5, left), asked them how
these elements were related, and wrote the correct answers on a white board. The children
were then randomly divided into three groups and instructed in using the flexible
anthropomorphic puppets (Figure 5, right). After this, we provided them with cameras and
asked them to record videos of their ideas. Finally, each group presented its design solutions
to their peers and the design experts. The session was video-recorded and analysed
following our multimodal methodological approach (see Section 3.6.3).

Our results showed that the children constantly switched between two modes, using the
puppets and then performing their interaction design ideas with their bodies. This continuity
of shifting from one mode to the other mainly occurred when the children aimed to bodily
explore their own ideas or those proposed by their peers. This repetitive play rhythm seemed
to allow the children to focus on what matters in the design task and to think of different
solutions for physical actions. Furthermore, the technique allowed the children to express an
idea through multimodal resources, verbally through doll play, and bodily, while they were
enacting their ideas.

Building on our experiences in this project, we recommend employing playful design
techniques that generate a balance between “getting immersed in a situation” and “stepping
back” from it in order to construct knowledge and learn (Ackermann, 2004). This procedure
has been seen to allow the children to focus on both the ideation of new ideas that are
suitable for Full-Body Interaction and the felt-experience of these body actions.

3.4.4 Which risks and limitations does this technique involve?

The use of puppets may not be adequate for older children and adult co-designers. Thus, the
co-design team needs to provide techniques that evoke similar behaviour of immersion and
reflection on the embodied experience. In future projects, it would be advisable using
techniques that allow co-designers to explore ways in which the notions of situatedness and
social relations play a role in the ideation of the interactive experience.

Reduces air-pollution
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Figure 5: Left: A diagram depicting the reciprocal relationships between the different elements. Right: A student
representing the relationship between plants and compost with the flexible anthropomorphic puppet.
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3.5 Prototyping the embodied experience

3.5.1 What does this design stage involve?

The goal of this design stage is to enable the co-designers to simulate a functional prototype
of the interactive experience. Therefore, the design team needs to be provided with
techniques including low-tech and mid-tech prototyping materials that can be easily
manipulated. Furthermore, these techniques should allow redefining design ideas and test
simulations of the real-time mechanics of the interactive experience. Prototyping is a
common practice in co-design (Lim et al., 2008). Many participatory approaches are used for
understanding user needs and for exploring design ideas (Druin, 1999; Muller and Druin,
2010) that have been brainstormed and elaborated in previous design stages. In the field of
HCI, software engineering and design prototypes often have been considered tools for
evaluating design failures or success. Hence, prototypes are used not for providing concrete
solutions but for discovering problems and for exploring design alternatives. In this context,
Lim et al. (2008) highlighted that one primary strength of a prototype is its incompleteness,
which makes it possible to focus on and investigate specific qualities without building a copy
of the final design. The same authors argued that the nature of the prototype works as a
“filter” that allows one to focus on particular aspects within an imagined or possible design
space. In their opinion, the best prototype is one that makes the possibilities and limitations
of a design visible and measurable.

3.5.2 Why is this design stage important?

In Full-Body Interaction, we are confronted with two additional challenges. In the design for
FUBILEs, co-designers face difficulties when having to imagine aspects on a human scale
rather than on a screen. These aspects involve dealing with ideas related to the design of
large-scale interactive spaces, body enactment and gesticulation, merging physical and
virtual space, etc. Thus, the prototyping techniques employed in this field must allow
specifically exploring these design features. On the other hand, most prototyping tools are
developed for screen-based interaction (e.g. software for wireframing such as Sketch,
Balsamiq or Mockingbot). Thus, designers in the field of Full-Body Interaction need to invent
and explore approaches that enable them to create adequate prototypes (Hoysniemi et al.,
2005; Landry et al., 2012).

3.5.3 How has this design stage been employed in practice?

In this design stage, we propose using prototype techniques that (1) can be easily
manipulated and test simulations of the real-time mechanics of the interactive experience; (2)
allow designers to explore body actions on a human scale, and (3) filter specific qualities of
the prototype to discover problems and for exploring design alternatives. In our research, we
explored the benefits of the Wizard of Oz prototyping (Markopoulos et al., 2008) Technique
within the EcoSystem project. As previously mentioned, the goal of this interactive
experience was to improve children’s global understanding of environmental issues related to
air-pollution. The children were invited to experiment with the existing relationships between
CO, emission and strategies for its reduction and absorption. They had to coordinate their
physical actions between three game roles: (1) planting vegetables to produce oxygen, (2)
producing wind energy to reduce the CO, emissions of a steam power station, and (3)
recycling waste from the city to avoid incineration. The prototype was based on a floor
projection representing a virtual simulation of a semi-urban ecosystem and created with low-
and high-fidelity materials. Some game mechanics were partially implemented in the
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programming language Processing. For instance, each time a child “grew a vegetable” by
interacting with the floor in a specific location, the design expert who was manipulating the
mechanics of the projection created a virtual tomato in the same place. The design expert
also controlled the velocity of the windmills according to the children’s physical actions. The
other part of the interactive experience was directly manipulated using physical objects. For
instance, to simulate pollution, we used cotton balls that one designer manipulated in real-
time on a computer screen (Figure 6, picture 1). These actions were recorded by a camera
that was connected to a video projector (Figure 6, picture 2). The final image was projected
on the floor (Figure 6, picture 4). The recycling task consisted of sorting physical paper
sheets with different kinds of waste that was spread out over the game floor (Figure 7,
picture 3).

Figure 06: Left: Mixed-fidelity approach using Wizard of Oz p
the manipulation process. Centre: The camera was connected to a projector projecting the final image on the
floor. Right: Paper sheets with different kinds of waste were spread out over the playground (picture right).

We explored the prototype with ten children (girls = 5; boys = 5) aged between 11 and 12
years from a local school. They were randomly divided into three groups of three to four
members. One group at a time was taken to the laboratory where the FUBILE was set up. To
ground their expectations, we informed them that we would use a mid-fidelity prototype
(Hanna et al., 1997) and explained that they were invited to take part in improving the game.
Using role cards (Figure 8), we introduced the common goal and the three different
interaction roles (wind power, plants, and recycling). The cards were designed in
collaboration with field experts in environmental education and provided key information
about the elements in the environment and their reciprocal relations. They were read aloud
by one child at a time and the children were invited to play for 6 minutes. They were
encouraged to alternate the game roles during the playing time. The purpose of the study
was to observe children’s intuitive actions with the prototype and if user-generated meanings
on the physical action they performed helped to enhance better proposed learning goals.
Therefore, the children did not receive any explicit instructions on the physical action that
they had to perform and had to invent and improvise. The session was video-recorded and
analysed following our multimodal methodological approach (see Section 3.6.3).
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Figure. 07: Role Cards: plants (left), wind power (centre), recycling (right)

The Wizard of Oz prototyping Technique allowed us to understand how children intuitively
interacted without the influence of external mediation or requests. For example, our
observations confirmed that the children seemed to have a preference for iconic gestures
(Anastopoulou et al., 2011; Markopoulos et al., 2008). We observed that several children
intuitively tried to spin or move their arms to activate the windmill. For the recycling role, they
enacted collecting waste and throwing it in the correct container. The plant growing action
consisted of touching or rubbing the floor projection as if the children were sowing the seed.
Furthermore, it allowed us to observe the potential of the spatial configuration of the large-
scale environment, i.e., which sensorimotor experience the interface of virtual environment
evoked. The physical materials that we used permitted us and the children to easily
manipulate the game elements in real-time according to the game mechanics.

Building on our experiences in this project, we recommend employing prototyping techniques
in Full-Body Interaction that foster a critical analysis of the design ideas on a real human
scale. We conclude that this design technique is particularly useful to confirm and refine
initial ideas for physical actions by comparing the co-designers’ proposals with children’s
intuitive interaction in an existing prototype.

3.5.4 Which risks and limitations does this technique involve?

We observed that many children focused on discussing with their peers how to solve the task
rather than performing the movement. On the other hand, the fact that they were playing in a
group and alternating the roles evoked a high tendency to imitate others who had previously
performed physical actions. Another explanation for the scarcity of the children’s design
proposals can be partially found in the failure to provide them with the opportunity to
complement their interaction ideas with explicit verbal explanations. Therefore, it was difficult
to grasp the children’s reasons and connotations behind certain design choices. To refine
this technique, we propose generating children time for group discussions and self-reflection.
One way could be to involve the children already in the process of creating the prototype.
This procedure would give them the opportunity, together with the rest of the co-design team,
to explore different alternatives for the design and allow them to bodystorm the initial
proposals for physical actions with low-fidelity materials. Another solution could be to allow
the children to experience the FUBILE several times and provide breaks in between for
ideation in exchange with their peers. Another approach may be to constantly capture
children’s ideas on different levels of perception such as through using methods which elicit
children’s verbal contributions during the experience (e.g., the Think Aloud Method (Zaman,
2007)).

3.6 Understanding the embodied experience with the prototype

3.6.1 What does this design stage involve?

The goal of this design stage is to understand how children create bridges between the
embodied experience and knowledge construction while interacting with a functional FUBILE.
Therefore, we propose to provide the co-design team with a set of techniques to research
how children build their understandings from an embodied experience during and after
children’s interaction with the functional prototype. The co-design team needs to focus, on
the one hand, on researching meaning-making during the experience, i.e. how children’s
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“sensing-in-action can lead them to make sense of action” (Malinverni et al., 2016a). On the
other hand, in this design stage is also important to verify if the physical actions that were
implemented in the prototype are natural and intuitive for the children.

3.6.2 Why is this design stage important?

The comprehension of the interactive experience from children’s perspective is the basis for
the evaluation and refinement of the prototype. It allows co-designers to put themselves in
the place of the children, understand their worldviews and reasons for certain behaviours
during the experience. Considering children’s perspectives on worldviews that are related to
their way of playing and certain educational contexts also increases their motivation for the
engagement with the embodied experience.

3.6.3 How has this design stage employed in practice?

In this design stage, we propose using research methods and elicitation techniques that
allow (1) co-designers to understand children’s worldviews, and (2) triangulating the
outcomes using different techniques to confirm co-designers’ interpretations of children’s
behaviours with a prototype. For understanding embodied meaning-making in FUBILEs we
employed a Multimodal methodological approach to analyse children’s in situ interaction with
the project Archimedes (Malinverni et al., 2016a), a FUBILE based on the Interactive Slide
platform (Soler-Adillon, 2009). The Interactive Slide is an exergame platform based on a
large inflatable slide augmented with digital technology (Figure 9). Four main parts compose
the interface: a sliding surface where the digital content is projected, an upper part where the
children can stand before sliding down, a bottom part where the children land after sliding,
and the lateral stairs. The Interactive Slide allows a natural and playful interaction as children
interact with the digital content by moving through and across the sliding surface, where the
interactive content is projected.

Figure. 09: The FUBILE Archimedes using the Interactive Slide.

The game Archimedes was originally designed to support children’s hands-on learning on
the notion of buoyancy and Archimedes’ principle (Malinverni et al., 2012). The goals of the
game are: 1) to allow the cat to cross a pool of water by building a bridge; 2) to raise the
water level in the right pool to allow the green fish to jump to the left pool and meet its pink
fish friend. To accomplish these goals, the children have to employ a set of objects that scroll
horizontally along the upper part of the game and understand the physical properties of the
objects and make a strategic use of them, since their number is limited. To interact with the
game, the children must slide over one of the objects and drag it down into one of the pools.
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One main goal of this study was to illustrate different possible paths through which children
create bridges between embodied experience and the construction of meaning. For the
study, a total of 48 children (mean age: 11) were recruited from a local school to participate.
A week before the study, we administered a short open-ended questionnaire on the school
premises to evaluate the children’s previous knowledge on Archimedes’ principle and
buoyancy. The study itself was carried out at our university during two mornings. Upon their
arrival, the children were divided into groups of four. Thus, a total of 12 groups of four
children played with the game. Then, one group at a time was taken to the room where the
Interactive Slide was set-up. The children were introduced to the game through a short video
tutorial that explained the main goals and rules of the game. After that, the children were
invited to play with the game over the course of a six-minute session. Subsequently, the
children were asked to fill out a short questionnaire about their user experience and then
they were individually interviewed by a design expert following a semi-structured format. The
questions were related to their understanding of the game and to the physical properties of
the objects of the game.

The children’s activity during the game and interviews was video-recorded. For the analysis,
we employed our multimodal methodological approach as follows. A design expert reviewed
the overall video materials of children playing and performed a narrative transcription of the
12 videos by focusing on overall group behaviour. Then, two design experts discussed the
results and four case studies were identified. Each case study was selected as being
representative of one of the observed paths that the children used to create bridges between
embodied experience and meaning construction. One of the design experts then performed
an in-depth multimodal transcription by focusing on the behaviour of each child, during the
game and during the interview. These transcriptions were performed by annotating both data
proceeding from verbal interaction as well as from embodied resources (the child’s position
and sensorimotor exploration). Finally, results were further discussed and elaborated by the
two design experts.

The results of the study showed that the children adopted different ways to understand the
embodied experience such as: the social construction of meaning, the action-perception
loop, the adoption of different perspectives, and the use of previous knowledge. For instance,
one child showed a certain spatial and temporal separation between her sensorimotor
experience and the way she constructed meaning. Her activity on the Interactive Slide mainly
focused on exploring variations in “sliding down” without paying much attention to the game,
although she was taking an observer position to construct knowledge about the functions of
the system. In this process, she observed the actions of her peers and she shifted her role to
transform the embodied experience into an ‘object-to-think-with’. Meanwhile, two other
children constructed their meanings by creating a loop between action and observation. In
both cases, their understanding started to emerge when they changed their movement
patterns. While at the beginning both mostly focused on the action of sliding, when they
started to turn around and take time to observe the effects of their actions on the sliding
surface, they both engaged in a more strategic approach to the “learning aspect” of the
game. Nonetheless, while the first girl assumed a systematic trial and error approach, the
second child all of a sudden fathomed specific insight onto the game by recalling previous
knowledge. Both cases point out the role of the action-perception loop in mediating between
embodied experiences and meaning-making. Nonetheless, in this relation, different
strategies may be employed, suggesting the importance of self-regulating the pace of the
experience to build one’s own understanding. Consequently, by fully acknowledging and
taking into account embodiment, Multimodal Analysis constituted an appropriate and
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consistent research method to better understand meaning construction and learning in these
kinds of environments. At the same time, it provided relevant insights to guide Design-Based
research processes and define design improvements.

Building on our experiences in this project, we recommend employing techniques that are
adapted to children’s skills and motivate them to express their experience with the prototype.
Multimodal Analysis in combination with the triangulation of other assessment techniques
such as open-ended questionnaires or individual interviews allowed us to better understand
children’s ways of engaging with the experience in situ, experimenting with it and
transforming it into an object of knowledge.

3.6.4 Which risks and limitations does this technique involve?

One shortcoming was that only the design experts had been involved in the interpretation of
the data that resulted from the research method without verifying them again with the users
of the interactive experience. Consequently, this procedure unbalanced the power and
decision making within the design team because the design experts decided what mattered
for the experience and selected the relevant results for design refinements. Another issue is
the general difficulty of transforming the results from Multimodal Analysis into actionable
knowledge for guiding the design refinements to communicate them to the rest of the design
team. Future work needs to explore accessible and inspirational formats to report the results
resulting from Multimodal Analysis to the entire co-design team.

4. Discussion

In this article, we have presented the different design stages of the FUBImethod. It aimed at
leveraging children’s participation in a co-design team and capacitating co-designers to
develop FUBILEs that are adequate and consistent with the specificities of embodied
interaction. The method provides means to benefit from children’s expertise in Full-Body
movement and natural playfulness. Furthermore, it offers step-wise guidelines for using
research methods to guide an iterative process for making adequate design choices and
refinements.

To illustrate the specific qualities of the design stages of the FUBImethod and the benefits for
researchers, designers and practitioners in this field, we used the FACIT (Framework for
Analysis and Creation of Intergenerational Techniques) classification method PD approach
(Walsh et al., 2013). This framework aims to guide the description of co-design techniques
and provides specific values that are relevant to co-design teams. Specifically, the framework
focuses on three main aspects: the design partners, the design goal, and the design
technique. We used the FACIT framework as follows. First, we structured the properties of
the FUBImethod according to the dimensions of this framework. The dimensions (1) design
space and (2) maturity of design refer to the design goals of each design stage, while (3)
portability and (4) physical interaction concern qualities related to the design stage itself. For
our description, we added one more dimension related to the (5) material required during
each design stage (e.g. low- and high tech materials, the fidelity of technology used).
Second, we used two of the dimensions (6) partner experience and (7) need for
accommodation to describe the relationship between the techniques used during the design
stage and co-designers. Building on this framework, we will now highlight the specific
properties and advantages of each design stage (Table 1) and reflect upon children’s
experience as co-designers using the FUBImethod (Table 2). In our discussion, we will focus
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specifically on two main aspects: (1) How is the FUBImethod different to other approaches in
the HCI community?; and (2) Which expertise do children provide during these design
processes and how could their participation be strengthened?

4.1 Benefits of the FUBImethod

The first two design stages, defining a common ground and defining goal and context
appropriateness, are essential for the co-design process and form the basis of the design
project. The research methods employed can be generalized to other application areas in
HCI, such as computer-based, application design or tangible technologies. They require the
use of traditional low-tech material for group activities (e.g., white boards, pen and paper,
post-it notes, etc.). Most of the techniques proposed do not require any specific locations for
their employment. However, we also propose techniques for the second design stage that
aim to stimulate context awareness and, therefore, should be conducted in locations related
to the design context. For instance, the Dwelling Space Technique is based on an interview
activity in a site-specific location to gain insights into aspects that children find interesting and
engaging in the environment. The technique allows co-designers to understand children’s
worldviews, interpretations, cultural values and preferences towards the proposed context.
The technique also helps us to analyse if Full-Body Interaction as a medium could add
additional value to the educational experience.

The next two design stages, awakening embodied awareness and translating embodied
experience, are specific for the design of embodied interaction. In both design stages, we
propose techniques based on bodystorming, performance, and gesture-elicitation to
stimulate sensations related to proprioception, space awareness, and proxemics. The goal of
these design stages is to train the design team in using their felt-experience to define
features for Full-Body Interaction design proposals. Thus, the main “material” used in these
design stages are one’s own body. The techniques used can be conducted in general
workshop rooms or specific locations that are connected to the design context. The aim is to
direct co-designers’ attention to relevant sensorimotor and spatial qualities that need to be
taken into account for the design and inspire design ideas.

The last two design stages, prototyping the embodied experience and evaluating the
embodied experience, can again be generalized to other application areas working with
children. Nevertheless, they also address specific challenges in Full-Body Interaction such as
prototyping and evaluation of user interaction in large-scale environments. Furthermore, our
focus on Multimodal Analysis to research user contributions embraces the very nature of
embodiment. The prototyping techniques proposed require bodily activity of the tester and
the use of low- and high-tech material to simulate interaction and real-time mechanics of the
FUBILE. To draw suitable conclusions for design refinements, the prototypes should be
explored in locations simulating the real-world environment or directly in situ.

The last three design stages form part of the iterative design process and assessment cycle
of the FUBImethod, i.e., by considering design and assessment as inseparable instances,
mutually reinforcing and informing each other, this structure allows us to constantly evaluate
the suitability and feasibility of the design ideas in accordance with children’s felt-experience
and worldviews (Malinverni et al., 2016c¢). For instance, detecting aspects that do not convey
the desired design goals requires the design partners to return to previous design stages,
such as prototyping and bodystorming, to refine the final embodied experience.
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Table 1. Overview of the properties of the FUBImethod
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Evaluating embodied experience
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(Betella et al.,
2013), Self-
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2012)
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design techniques: Analysis; material to build | movement to needs to take
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collage, the final
experience will be
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4.2 Child partner experience

Co-design is a polyvoiced perspective embracing complex and often blurred constellations of
users, contexts, and purposes (Halskov and Hansen 2015). Specifically, when working with
children, equal partnerships are difficult to manage because adults tend to set agendas,
choose research projects and organize the design activities (Yip et al., 2017). The
FUBImethod claims to involve children as partners in the design of FUBILEs by focusing on
their expertise in felt-experience and their capabilities in playfulness. Therefore, we explored
several embodied design techniques that specifically focus on child users. Thus, most of
them are highly intuitive for children but still require an adult to set up the activity and conduct
the sessions. We argue that the co-design team should give more credit to children’s specific
expertise in felt-experience and explore novel strategies on how they can teach this
knowledge also to adults and collaboratively elaborate the procedure for design sessions.
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Table 27. Overview of the aspects related to the experience of the co-designers using the FUBImethod and

possible application of design spaces.

gl Partner Experience Need for accommodation Design Space
“g
"t’ Who provides the expertise? To which degree do the How specific is the design
> research methods need to be problem and technology
3 adapted to designers’ skills and | approach defined?
Q cognitive ability?
Design Expert (analysis) Need for accommodation of the | Can be generalized to a wide
9 reflective group activities by a range of design spaces
_E’ S trained facilitator; need for
SEC : .
S E 3 playful techniques to involve
385 children in the discussion
s | Design Experts and Field Need for accommodation of the | Can be generalized to a wide
3 § Experts (design goals) reflective group activities by a range of design spaces
‘5 9| Design Expert (assessment), trained facilitator; need for
2 2| Children (worldviews) playful techniques to be
3 g adapted to children skills and
_g’ g capabilities
3
S s
3
o>© u| Field experts in somatic and Need for accommodation of Specific for experiences based
E % § theatre practices (facilitation bodily-based exercises by a on embodied interaction
£ 8 g| techniques), Children (felt- professional or previous training
‘;uEJ S| experience) in those techniques
< <
oo o Design experts(facilitation The techniques used are highly | Specific for experiences based
S % ::: techniques), intuitive and do not have a need | on embodied interaction
23 5| Field Experts in somatic for accommodation, however,
§ g & practices (facilitation they do need to be adapted to
= 9 techniques), the age and capacity of the
Children (felt-experience) designer, i.e., Puppet-Based
Design may not be adequate for
adults.
23 8 Design experts (facilitation Low-fidelity prototypes do not Can be generalized to a wide
-g% s techniques), Children (felt- have a need for range of design spaces
.33 5 experience, worldviews) accommodation. Mixed-fidelity
55 & approach may require
x © accommodation due to the
involvement of technical
solutions
o o Design experts(assessment Need for accommodation for the | Can be generalized to a wide
S % ::: tools and analysis), Children evaluation of the results range of design spaces
S 8 5| (felt-experience, worldviews,
S E ol efc.)
w9y

4.3 Limitations and Future Work

In the projects presented in this study, one main drawback of the FUBImethod is that the
design experts often only observed and evaluated children’s contributions. As a
consequence, the adults did not take part actively in the felt-experience activities nor the
children in the evaluation of the design. One reason for this shortcoming is that the proposed
techniques (e.g., Puppet-Based Design Technique) were adapted to children’s skills and
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capabilities, i.e., an adult may use them in a different way that does not reveal any insights
about children’s felt-experience or even adults may reject their use because puppet play is a
childish activity. On the other hand, the outcomes (written contributions, drawings, video-
recordings, etc.) are formats that were difficult to simplify for participatory evaluation with the
children. Novel approaches need to attempt to integrate both intergenerational design
techniques (Walsh et al., 2013) and participatory evaluation methods (Moser, 2012; Spiel et
al., 2017) in this framework.

In addition, our analysis depicted that there is still a lack of research methods that focus on
the reflective practice of design ideas and the communication of intermediate-level
knowledge (Barendregt et al., 2017) between design stages. This shortcoming suggests that
design experts tend to have a stronger role in refining designs and taking final decisions. In
future work, co-designers need to explore and develop new strategies to translate design
outcomes of ideation and evaluation sessions into workable formats for reflective tools.

Furthermore, inspired by current research in embodied elicitation techniques (Wilde et al.,
2017), we are currently exploring the benefits of including physical objects as props in design
stages that involve bodystorming techniques (Stage 3: Awakening Embodied Awareness and
Stage 4: Translating Embodied Experience). We argue that the inclusion of physical objects
may be beneficial to complement these techniques to help co-designers better understand
the relation between the propioception, space, and proxemics. We have initiated attempts to
design a kit based on these features, namely the FUBIKkit.

Finally, we explored the FUBImethod in the context of a complex research project consisting
of several subprojects. Three of the subprojects presented run through an evaluation-driven
design process, starting with a contextual inquiry study, co-design with multiple stakeholders
and an iterative evaluation of the interactive experience. However, we used each context as
a testbed to focus on a specific aspect of the method. First, in the subproject Refugi 307, we
were interested in understanding and enhancing collaboration within a complex design team
of design experts, field experts and children. On the other hand, the site-specific location
provided us with a context to explore techniques that focused on children’s interaction with a
physical space and novel opportunities to enhance the educational experience of the guided
visit through Full-Body Interaction. Second, the subproject Magical Movements, offered us
the opportunity to work in the context of physical movement theatre and to elaborate
embodied elicitation techniques with field experts. Third, the project EcoSystem allowed us to
explore playful design techniques to translate children’s ideas into workable prototypes. The
fourth subproject, Archimedes, was first developed through a designer-driven approach
(Malinverni et al., 2012). In the case study presented (Malinverni et al., 2016) we carried out
a qualitative, idiographic study and took upon a different lens on understanding how children
create bridges between embodied experience and meaning construction while interacting
with a Full-Body Interaction Learning Environment. For these reasons, we have not been
able to employ all design stages in a single project. We encourage other scholars in this
research area to apply our method and explore the flexibility of our design stages.

5. Conclusions

The FUBImethod proposed presents a novel strategy to engage children in co-design
processes for Full-Body interactive experiences and focuses specifically on their expertise in
the body that they can contribute to the design. The method is not exclusively an approach
developed for the application in design projects related to non-formal education. Several
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design stages are essential for a successful collaboration between design partners in co-
design processes, and research methods can be generalized to a wide range of design
spaces, e.g., bodystorming for ideation and multimodal analysis to research user
contributions communicated through different resources. Furthermore, we believe that other
research fields can also benefit from focusing on design aspects which require children’s
skills and expertise. They are not only experts in play and worldviews for experiences
designed for young users. Children may also provide insights into other contexts due to their
playful way of approaching the world.
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