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Movement-based design methods are increasingly adopted to help design rich embodied experiences. While there are well-known
methods in the field, there is no systematic overview to help designers choose among them, adapt them, or create their own. We
collected 41 methods used by movement design researchers and employed a practice-based, bottom-up approach to analyze and
characterize their properties. We found 17 categories and grouped them into five main areas: Design Resources, Activities, Delivery,
Framing, and Context. In this paper, we describe these areas in general and then focus on Design Resources containing the categories
of Movement, Space, and Objects. We ground the characterization with examples from empirical material provided by the design
researchers and references to previous work. Additionally, we share recommendations and action points to bring these into practice.
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1 INTRODUCTION

Movement-based design methods have increasingly been adopted in several domains due to their capacity for providing
early insights into the embodied experience of participating stakeholders [46, 63]. They can be used in multiple phases
of a design project, ranging from sensitising exercises all the way to evaluation [37]. However, while some methods are
known and documented, these are not always well-suited for the specific characteristics of a design project. One has to
consider the requirements, goals, limitations and possibilities, context, available resources, and emerging contingencies;
and when in the design process the methods may be used. Hence, designers must often adapt or create them ad hoc.
To provide guidance for designers in selecting, adapting or creating their own method, we worked towards a
comprehensive characterization of movement-based design methods. The goal was to identify salient characteristics of
the methods that influence their applicability in different contexts. To this purpose, we were interested in collecting
and analysing methods that design researchers actually use in a specific context. Some of these were adapted from
previously-known methods and some others were created from scratch. Through a series of workshops, we analyzed a
total of 41 key movement-based design methods used in 12 interaction design projects. All of these were facilitated
by the authors as part of an international movement-based design consortium. We characterized and classified the

methods using a comprehensive thematic analysis with a bottom-up approach.

Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not
made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components
of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to
redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org.

© 2023 Association for Computing Machinery.

Manuscript submitted to ACM


https://doi.org/XXXXXXX.XXXXXXX

53
54

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

104

DIS’23, July 10-14, 2023, Pittsburgh, USA Anon.

We obtained 17 categories that encompassed the significant characteristics of our corpus. We grouped them into
five main areas: Design Resources, Activities, Delivery, Framing, and Context. Here we present the core considerations
related to each category and we focus on the discussion of the Design Resources area. We elaborate on its categories and
exemplify them with their use in the projects in the corpus, insights from the facilitators, and references to foundational
works.

This paper serves as an articulation of tacit knowledge from experts that use movement-based design methods in
their practices. The characterisation and the corresponding examples can function as a detailed map of considerations
and prompts for Interaction Design and HCI researchers and designers interested in integrating this kind of methods

into their practices.

2 BACKGROUND

Movement-based methods have been in the spotlight for some time now [7, 8, 36, 42, 46]. Many methods have been
proposed and have been welcomed by the Interaction Design and HCI communities. In the following, we briefly present
methods and strategies that emerged as important in the practice of partners in the consortium.

Bodystorming is a situated generative design method focused on generating multiple design ideas. In contrast to
brainstorming, bodystorming uses full-body engagement with objects, the space and other people to come up with ideas.
Several takes on bodystorming have been proposed, exemplifying how movement-based design methods are often
appropriated, adapted and tweaked to fit a specific design agenda and design process. For example, Oulasvirta et al. [42]
focus on carrying out ideation sessions in the very context in which designs will be used. Schleicher et al. [46] articulate
bodystorming as three approaches: prototyping using enactment; physically emulating the spatial environment in which
technology will be used to generate/evaluate ideas in context; and employing actors and props to play out expected use
case scenarios. Marquez Segura et al. [36] advanced bodystorming for movement-based interaction as a generative
strategy to develop ideas from scratch, emphasizing its playful and participative components. Turmo Vidal et al. [55]
introduced Sensory Bodystorming, which bridges bodystorming and material ideation approaches. This method uses
non-digital materials and objects with different sensory qualities to foster exploration and ideation of sensing/actuating
possibilities. Finally, Weijdom [62] proposed Performative Prototyping, which combines bodystorming methods and
Wizard of Oz techniques with a puppeteering approach in collaborative mixed-reality environments. They leverage
both somaesthetic and dramaturgical perspectives, the former as being inside-out and the latter outside-in.

Schiphorst [45] contended for the importance of somatic facilitation during a technological design process and
named it as the practice of Somatic Connoisseurship. The careful and trained focus on the lived experiences in the body
can enrich the design space in Interaction Design and HCI [45]. Relatedly, Soma Design refers to a design process that is
holistic and builds upon the ideas of Somaesthetics [19]. It connects sensations, feelings, emotions, and subjectivity
in participants’ bodies and aims to examine and improve them [19, 52]. These frameworks emphasize introspection,
slowness, increased awareness, and the use of sensitizing and body maps. On a similar note, Embodied Sketching [37]
encompasses movement-based ideation practices that harness a combination of physical engagement in the surrounding
context with play and playfulness to elicit a creative mindset. This context includes the social and spatial settings along
with digital and non-digital artefacts, which are catalyzers of engagement and idea generation.

Estrangement, which refers to the process of turning “the familiar” upside-down and making it unfamiliar, is also
a common resource. Wilde et al. [63] analyze the use of estrangement as a powerful approach in embodied design
methods. Estrangement can be used to inspect and experiment with already-known practices, movements and actions,

causing a disruption that makes the familiar tangible or visible. Estrangement can be used to arrive at new kinds
2
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of movements, objects or design concepts [63]. With Moving and Making Strange, Loke and Robertson [23] centres
bodies and movement in the design process using a choreographic approach. It foregrounds the use of choreographic
strategies, e.g. explorations of variations of movement qualities—such as speed and direction—as possible ways to
defamiliarize everyday movements and arrive at interesting interaction possibilities. The method emphasizes the
first-person perspective of the mover, alongside the third-person perspectives of the observer and machine. Relatedly,
Bell et al. [5] also contend for the use of estrangement to open design spaces, specifically in the context of the design of
home appliances. Estrangement is an important component of Soma Design [19], as evidenced by how it was included
by Tsaknaki et al. [52] in their Soma Design curriculum.

Role playing as a method involves deliberately assuming a character role and playing out a more or less defined scene
or script, with or without props [47]. It can be used throughout the whole design process: to discover and identify issues
to solve; to observe and understand the design context and target users; to generate new ideas; to evaluate them; and to
communicate them. Informances [8, 47] are an example of role-playing which combine performance, scenario-based
design, and Wizard of Oz to simulate and improvise future generative-oriented situations with future technology. In
Informances, simple props are often used to simulate and recreate the technology and key contextual elements of
the scenario. A more elaborate form of role-play is Larping—Live Action Role Playing—, which involves complex and
well-crafted simulations, character descriptions, narrations and strategies for representation [34]. It has the potential to
cultivate deeper connections between participants and their characters and can be used as a sensitizing activity or as a
stage for testing and evaluating design concepts and prototypes [34].

Other methods that are used as references and inspiration are Service walkthrough [6] and Interaction Relabelling
[12]. Even though these are not originally proposed as movement-based design methods, they similarly entail physical
engagement with artefacts and the environment. Additionally, they are cited by others Bell et al. [5], Loke and
Robertson [23], mentioned above. Service walkthrough [6] is a design technique that facilitates and guides the physical
representation and enactment of service moments or stages to prototype/evaluate them. While the entire service
journey is walked through, feedback can be gathered as a whole process or in each journey moment/stage. Interaction
Relabelling [12] supports the ideation process of novel forms of interaction with electronic devices by asking to use an
existing product simulating to be the intended design. Interactions are mapped and evaluated. When the products are
quite different to the intended designs, they may lead to creative ideas/concepts.

Finally, a common physical resource employed in several movement-based design methods is paper cards. These are
used to provide descriptions and instructions [30], to aid in ideation/reflection [51], as a documentation tool of design

constructs in workshops [44, 56], or as rule facilitators of body play [27].

2.1 Related work

Besides these known methods and approaches, previous works have addressed the need for a comprehensive framework
to understand, describe and appropriate movement-based design methods. Andersen et al. [1] analysed 23 methods in
seven articles and constructed a typology for movement-based design methods. This typology consists of seven foci:
Sensing; a Playful approach; an Experimental approach; Props, Artifacts and Technology; Enactment; Social Interaction;
and Specific Context. Simultaneously, they classified the methods regarding the design stage in which they were used:
Divergent, Explorative or Convergent stage. We argue that a limitation of their approach is that methods are pigeonholed
to a specific focus and thus it can be difficult to see how they actually benefit from the seven found dimensions.

Additionally, it is not straightforward to use the classification to implement one’s own methods. In our paper, the

3



157
158
159
160
161
162
163

164

166
167
168
169

170

172

173

175

176

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

208

DIS’23, July 10-14, 2023, Pittsburgh, USA Anon.

categories are not exclusive and therefore reflect several methods at the same time. Further, we make the categories in
Section 5 actionable by providing recommendations and considerations for the reader.

Two works mentioned earlier focused on a single yet powerful dimension as their starting point for the analysis
of embodied design methods. Wilde et al. [63] proposed and used a framework to analyze Embodied Design Ideation
methods with a focus on estrangement. They ask what is being done to cause a disruption, what is destabilized by this
disruption, what emerges from the process, and what is embodied, e.g. made tangible/visible from doing it [63]. They
used this framework to analyze eight embodied design methods. Alternatively, Loke and Robertson [23] focused on
the first-person perspective of the person in movement and from there proposed a design methodology based on a
whole set of choreographic tools and grounded in prior interactive design projects from the same authors. In contrast,
we followed a bottom-up approach to map the characteristics of a larger corpus of movement-based design methods
employed in several interaction design projects in an international design research consortium. Our aim was to obtain
a set of general categories that would allow describing elements in play before and during the implementation of these

methods in practice.

3 METHODOLOGY

We worked with design researchers from six institutions participating in an international Erasmus+ project focused
on movement-based design methods. They facilitated the interaction design projects that constitute our original data
corpus, by writing reports of the movement-based design methods used for the different stages of their design processes.
For each technique, they reported its description, account of logistics and facilitation, benefits and outcomes, and
reflections.

The process of building this paper consisted of the following steps: (1) Facilitators reported on movement-based
methods used in practice in their own projects. 12 projects were reported, each using between one and seven methods.
This built a corpus of 41 descriptions of movement-based design methods. Table 1 summarizes this corpus of projects
and movement-based design methods, along with the shortcodes used to refer to them throughout the discussion. The
projects are ordered in descending order by the amount of movement-based design methods they contributed to our
corpus; (2) The first four authors labelled these methods according to salient features and characteristics; (3) The same
four people, plus the last author, categorised the resulting characteristics using a bottom-up approach; (4) Two (first
and second) authors refined the categorization and obtained meaningful subcategories; (5) Four (first, second, third,
and last) authors grouped these categories in areas and selected the one to elaborate on; (6) Facilitators were asked to

comment on categories and results, and provide more and illustrative details to articulate them.

3.1 Characterization

This process was performed by the first four authors. We printed the reports of methods on big sheets and arranged
them on the floor of a closed space. For method characterization we used sticky notes, where we wrote sentences or
individual concepts that best described them. We tagged them with their corresponding project and method names.
This approach aimed to gather insights bottom-up. Thus we did not come into the process with preconceived categories
or specific aspects to look out for. We made sure that at least one embodied design expert covered each technique, and

also that every technique was characterized by at least two people.
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Project Method Code
ACHIEVE Somaesthetic Field Trips Ach1
Body scan and body mapping (somaesthetic) Ach2
. . . . Generative bodystorming Ach3
Design of a playful interactive supermarket environment . . S .
. s . Role-playing and improvisation Ach4
for children to foster a transition to healthier and more .
. . Online re-enactments Ach5
sustainable food consumption. .
Puppeteering Ach6
Wizard of Oz + Informances Ach7
KOMPAN Workshop What can I do with this? KOM1
Video sketching KOM2
Concept ideation for outdoor fitness equipment for playful ~Play moods and quality cards KOM3
fitness training. Participation of students along with Explore the movement aspect KOM
designers from the playground company. Action mock-up KOM5
Play in context KOMeé
Astaire [36, 37, 64] Warm-up games Astl
Playing off-the-shelf VR and MR games Ast2
Design of a collocated Mixed-Reality dance game for two ~ Embodied exploration and Bodystorming with the affordances of MR Ast3
players: one inside and the other outside VR. Embodied exploration and Bodystorming with off-the-shelf VR games Ast4
Embodied explorations to fine-tune the game Ast5
Super Trouper [35, 36, 38-40, 54, 55] Warming-up to Introduce and Sensitize Participants to Tech and Exercises SuT1
Development of methods for training body awareness and  Training sessions turning into Participatory Embodied Sketching SuT2
control in children with mild motor difficulties combining  Bodystorming with Experts SuT3
circus training and interactive technology. Bodystorming with Cards SuT4
Magic outFit [22, 37, 50] Dynamic body maps + keyword to characterise energising moments MoF1
Design of wearable technologies for sensorial changes of Barrlefs to physical activity cards . MoF2
bod i t ¢ physical activit Somatic dress-up for movement and sensation awareness MoF3
©0dy perceptions o support pysical activity. Brainstorming based enactment MoF4
Sense2MakeSense First-person sensorial exploration + idea materialization of data representations ~ S2M1
- . . . . Dolls to facilitate “feeling and acting like” your persona S2M2
Explorations in opening the design space of immersive L e
ti ial dat tati Body and sensory cards to inspire ideation on how S2M3
mufhisensorial data representation. Videoprototype to capture design and scenario S2M4
LearnSPORTtech 35, 53, 56] Embodied explorations of technology use LSt1
Design of wearable technology to support sports and fitness  Technology Sensitization LSt2
practices through sensory feedback. Sensory Bodystorming LSt3
Tangibles [57, 58] Field studies and short ethnography Tan1
Co-design for upper limbs therapy for children with Interaction relabelling applied in co-design Tan2
Cerebral Paresis employing interactive tangibles. Acting out movements Tan3
DigiFys [3] Long-term play engagement intervention in outdoor play DiF1
Research in children’s outdoor play and development of Short-term play engagement intervention in outdoor play DiF2
interactive installations to support it.
Diverging Squash [24] VR Bodystorming DiS1
Single-player VR game inspired by racket ball.
GIFT [60] Sensitising towards human practices GIF1
Museum experiences enriching physical exhibitions with
digital content on smartphones.
Online Course in Embodied Interaction [61] Online Bodystorming OEIl

Course in Embodied Design adapted to be taught online
during the COVID-19 pandemic.

Table 1. Characterized Projects and Methods. Acronyms: VR refers to Virtual Reality and MR to Mixed Reality.

3.2 Categorization

Once we had the sticky notes as working material, the first four and the last authors gathered for a big initial

categorization session lasting over 3 hours in a 50m2 room. This happened collaboratively, on-site, and preserving

the bottom-up approach. We arranged the sticky notes in the space, placing them randomly all over half of the room

5
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floor, independent from other notes from the same technique or project. Note that a small and relatively cryptic code
was used in the notes to later be able to trace them back to their respective method/project. Then, we proceeded to
simultaneously traverse the space, reading and surveying the notes, looking for patterns/similarities between notes.

As this activity continued, new categories started to emerge. We grouped relevant notes in particular areas of the
space and made the group aware of their existence—e.g. “there’s a group about Objects is in this area!”—, to which the
rest responded by bringing relevant notes under their radar. During the process, these clusters would transform, grow,
get divided into subcategories, or be integrated as subcategories of others. Interconnections with other categories were
also drawn either through making use of proximity to indicate their closeness or through colour threads indicating
relations between notes and categories. Finally, we documented the resulting map of categories with pictures. We had a
debrief session to talk about the experience and our insights during the process, concluding that some categories still
needed revision and further connection with relevant others.

Next, the first and second authors performed subsequent categorization sessions, revising big, unfocused, or complex
categories at the level of notes, finding overarching categories and their relations to each other, and deepening and
refining the findings from the first big session. This allowed for an increased level of detail, finding clusters within
categories, merging clusters that were closely related, naming and revising the names of clusters, and surfacing
interconnections. Further, subsequent sessions were needed to trace back which methods/projects were involved in

each category. In the end, 17 categories emerged from this process, which we introduce in the next section 4.

4 CATEGORIES

Design Resources

Activities Movement Delivery
Qualities Constraints
and Superpowers
Design Phase Engagement  Body L
g Methods coniag Regions oving Facilitation
Inspiration  teration Research  Interaction with Objects Tasks
Sensitizing s ation Design s ) Instructions Level
Divergence  Convergence EEh'jd‘Ed B Participants  Experts
esign
Space Objects -
Tech ’ .
eehnology - Planning Documentation
Physical Hybrid Virtual Physical Objects  Technologies and Logistics
. ) Delimitation REOM Cards , ent Body [
Acting Out Sensorial Crafting Size Affordances e Fhes il
Exp|oratigns Subversion Video
Framing Context
Play Perspectives Starting
Fun Game - - 5 Point
Design S ne rd
Playfulness o Person Person Person Goals Challenges
Movement-based Physical children QOutcomes
Garmes Models

Fig. 1. Overview of the areas, categories and sub-categories found.

A total of 17 main categories emerged from the 41 movement-based design methods reported by the facilitators of 12
movement-based interaction design projects. We grouped them into five areas: Design Resources, Activities, Delivery,
Framing, and Context. These categories and groupings are not orthogonal, meaning it is possible for several of them to

characterise a given method or project.
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4.1 Design Resources

This is the main emerging group of categories, on which we will focus in this paper. The group contains Movement (5.1),
Space (5.2), and Objects (5.3). In the next section 5, we will elaborate on them, describing, discussing and exemplifying
each category and sub-category, and proposing action points grounded in the insights we found. For the sake of space

and scope, in the rest of this section, we will only briefly introduce the rest of the emerging categories.

4.2 Activities

Activities contained Design Phase, Methods, Acting Out, Sensorial exploration, and Crafting.

4.2.1 Design Phase. We found that movement-based methods were used across different Design Phases. They helped
not only in Sensitizing and Inspiration but also in the Iteration and Evaluation stages of the design process. As such,
they were adopted for the Divergent and Convergent phases of the design process. Additionally, some of the projects

leveraged existing Technologies during these activities.

4.2.2 Methods. We categorized under Methods several references to already-existing design and research methods.
Regarding Research, we found some references to field studies and ethnography. With respect to design, we found several
references to “classical” Interaction Design techniques like (1) brainstorming, (2) scenarios and personas, (3) participatory
design, (4) wizard of oz, and (5) puppeteering. Additionally, there were mentions to already existing Embodied Design
and movement-based methods, especially the use of embodied sketching [37] and bodystorming Marquez Segura et al.
[36], Oulasvirta et al. [42], Schleicher et al. [46], Turmo Vidal et al. [55]. We identified Warm-up techniques across

projects, as an important component of embodied methods.

4.2.3  Acting Out, Crafing and Sensorial Explorations. Acting Out, Crafting, and Sensorial Explorations were types
of activities used frequently across projects and methods. Methods in our corpus used enactment to come up with,
materialize, and iterate design ideas, or as part of a convergence process. It allowed participants to flesh out, experience
and see key action sequences. Role-playing was used to iterate ideas in the following ways: by testing ideas within a
particular situation and adjusting it iteratively; tapping into human-like interactions, e.g. exploring different social
roles; or by filtering and indicating improvements. It was also used to achieve joint sense-making as a group and to
share ideas. Role-playing was mostly reported to be done in combination with improvisation. Classical interaction
design methods like Wizard of Oz, and in particular those focused on enactment like Informances, were quite present as
references and inspiration.

Crafting was adopted to create prototypes of interactive experiences, controllers and costumes while making use of
readily available materials. We grouped under Sensorial Explorations notes regarding activities aimed towards increasing
awareness of specific sensing modalities like vision, hearing or touch, either individually or in the form of multisensory
feedback. They were used to inspire/iterate designs, and typically made use of bodystorming—particularly sensory

bodystorming [55]—using physical probes with characteristic tactile and sound qualities.

4.3 Delivery
Delivery contained the categories of Facilitation, Planning and Logistics, and Documentation.
4.3.1 Facilitation. As part of the Facilitation category, we obtained the following list of Facilitation Tasks described and

utilized across several projects: (1) Arranging the meetings, (2) Curation of materials (objects, references, words) to use
7
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and explore, (3) Creation of a safe creative space, (4) Communication of activities, (5) Time tracking, (6) Supporting flow
of ideas, (7) Suggesting possibilities/alternatives, (8) Encouragement of participation, (9) Monitoring of energy and
engagement levels, (10) Balancing between playfulness and goal-oriented mindsets, (11) Guiding and demonstration of
actions, (12) Guiding of discussion and reflection, (13) Lightweight documentation, (14) Providing Safety measures.
Additionally, we found several mentions of having a pre-defined set of Instructions or rules for the facilitators
and/or the participants to follow. These allowed a fluent development of the activities because (1) they promoted a
clear sequence of events, (2) they allowed to focus on specific creative guidelines, (3) they helped to coordinate when
facilitators were part of the process, (4) and they helped facilitators to feel more confident during the process.
Regarding the involvement of the facilitators, there was a variation in the required level that was reported for each
method in our corpus. Noteworthy, methods that used digital technologies reported needing more time, energy and
resources. Finally, we found some reflections that considered the context of the Participants of the design methods, either
as a target audience or as designers in the project. The projects prioritized the accommodation of different participant
backgrounds, abilities, needs and limitations. We found these considerations in relation to physical movement and also
to the use of digital technologies. Methods in which experts were participants, tended to emphasize co-creation with
them. It was apparent how their skills and knowledge were leveraged, for example by providing detailed feedback,

developing/introducing technologies, or guiding somatic and movement-based activities.

4.3.2 Planning and Logistics. An important complement to facilitation is the category of planning and logistics, where
we found and grouped considerations and reflections regarding the following: (1) activity preparation: selection of
methods, scripting of the sequence of events for the sessions, requirements listing; (2) preparation of resources like
props and cards, e.g. by designing, printing, obtaining, arranging, and carrying them; (3) management of space/time for
the activities; (4) setup and use of digital technologies, experiences and/or assets, (5) preparation and deployment of
documentation strategies and equipment..

Methods varied in the Involvement Level they required for planning and logistics. A low involvement level occurred
when there was a low requirement for resources, when these resources were easily available, when the facilitators or
participants had high expertise, or when the activity had relatively low stakes. Conversely, methods that used complex
technologies and setups like Virtual or Mixed Reality experiences, or methods that used several ad-hoc elements, like

custom-made cards or body maps, reported requiring considerable effort in planning and logistics.

4.3.3 Documentation. We found that Documentation of activities was an important component in the Delivery of the
movement-based design methods we analyzed. In this category, we grouped considerations regarding Data collection in
general, and the use of Video and Body Maps in particular. Video recording was leveraged not only as a way to have an
archive of evidence to evaluate after the activities but also as a creative medium for participants to prototype their
ideas. Body Maps were adopted several times for participants to observe and communicate their body states, sensations

or wearable prototypes across stages of the activities and design process.

4.4 Framing

Framing contained Play and Perspectives.

4.4.1  Play. Under the Play category, we grouped categories regarding playfulness, fun, and game design. Several
projects had Playfulness either as a design goal or as a resource to instigate engagement and curiosity. Similarly, a

few projects involved the concept of Fun as a goal or as a resource within their design methods. One way of fostering
8
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fun was to include pre-existing Movement-based games in the design activity. Finally, we found that some projects
focused their movement-based methods on playing with and exploring, ideating and iterating key actions that were
envisioned to be at the core of the designed activity. We related these to core mechanics in Game Design and embodied

core mechanics in play(ful) activity-centric design [31, 59].

4.4.2  Perspectives. The perspective participants would take in relation to the target audience would emerge as an
important consideration.We found methods that worked from a first, second or third-person perspective, and even some
that combined them [49]. This category also covered users’ perspectives, which were strongly related to the target
group of the design, specifically Children, which were supported using several techniques with technology (e.g. using
perspectives in VR in Ach) and without. Finally, a subcategory related to including first- and third-person perspectives

shifts using Physical Models, like toys as well as enactment using the participant’s bodies.

4.5 Context

Lastly, the four categories contained by Context were Starting Points, Goals, Challenges, and Outcomes. These were notes
that related very specifically to the projects we studied in their motivations and results. It is worth noting that the
range of possible Goals for projects and the movement-based methods they used included the following: understanding;
reflection; focus; embodied core mechanics; and changes in physical activity, behaviour or self-perception. Finally, some
common Challenges faced during these methods and projects included social and ethical concerns, levels of expertise
in relevant areas, the management of engagement during activities, and the use of VR together with all its technical

requirements.

5 DESIGN RESOURCES

We found three main categories that we grouped as Design Resources: Movement (5.1), Space (5.2) and Objects (5.3). We
describe and exemplify the sub-categories that compose them. Even though categories and sub-categories emerged
from notes originating in specific projects and methods, we sometimes include applicable and relevant examples from

other sources in the corpus. In section 6 we elaborate on a list of actionable recommendations for each one of them.

5.1 Movement

Movement was pervasive throughout all the techniques in the portfolio since methods in our empirical material were
precisely chosen on the basis of their prominent use of movement. Yet a distinctive movement category still emerged
encapsulating important body and movement aspects at focus: movement qualities (5.1.1), body parts (regions) involved
(5.1.2), and physical contact(5.1.3); strategies and external elements that supported movement: moving with objects
(5.1.4), and constraints (5.1.5); particular considerations and strategies when working with instrumental movements
(5.1.6), which are common in domains such as training and rehabilitation; and benefits of using movements, such as

engagement (5.1.7).

5.1.1 Qualities. Methods focused on experiencing, exploring, understanding, and working with particular movement
qualities, such as movement trajectory, tension, or pace. Movement Qualities initially emerged as a sub-category from
notes regarding the Sense2MakeSense project as a whole, and the methods Ast4, LSt1, S2M3 in particular. Some other
activities centred on working with a particular focus of attention, which was often related to the sensory and body
experience in relation to the self, others, and the surrounding space. Body orientations in relation to the space and others,

and proxemics. Body orientations and proxemics [9, 17, 21] are physical, social, and cultural resources of action that can
9
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be useful in the design of technology—see for example the work by Marquardt and Greenberg [25], Marquez Segura
et al. [32]. We found them to be a focus of activities along with bodily and proprioceptive sensations.

Common in all the projects is that movement aspects and qualities were targeted in their future designed experience.
Methods focused on elucidating and experiencing these aspects first-hand to then obtain a seed to inspire subsequent or
concurrent ideation activities. An example of this is DigiFys, which first observed multiple children engaging in outdoor
play. Afterwards, they supported key actions and movement qualities experienced concurrently, as well as important
contextual elements supporting them, e.g.: pace and movement trajectory emerged as important qualities, which came
hand in hand with the children’s creation of multiple alternative play routes. Similarly, crawling was enjoyed by many,

which was supported by small spaces through which children passed [3].

5.1.2  Body regions. We found two main groups of methods regarding the body regions in movement: those that were
open to and instigated movement with the whole body—like LSt3, S2M3, or most of those from Magic outFit—and
those that prioritized the movement of particular body areas, specifically the upper limbs—such as MoF1 S2M1, S2M2,
S2M3, Tan2, or Tan3. LearnSPORTtech exemplifies whole-body involvement because the embodied explorations of the
technology in yoga had a strong focus on the limbs most relevant for an exercise, e.g.: alignment of the chest in relation
to the limbs in different yoga positions because that is often an indicator of the quality of the performance [53].
Regarding upper limbs movements, we found a couple of different cases. Tangibles involved activities related to
specific kinds of motor impairments that targetted the upper limbs. Alternatively, methods that focused on the movement
of upper limbs also involved some traditional design and research activities in IxD that are typically performed by
hand, e.g.: drawing, sorting cards, crafting. Some of these activities alternated between the use of the whole body and
specific regions. For example, in the Sense2MakeSense project, participants built a physical model of their prototype on
a reduced scale and used small toys to enact a scenario. They used their own bodies to capture and represent body
actions that were not able to produce by the toys. Hence, while these activities involved classical IxD activities, they

were used in a way that involved physical enactment.

5.1.3 Contact. Physical contact emerged as a subcategory of movement due to only one method, Ast4 from Astaire
[64]. It was the only project that explicitly targeted social interaction involving physical contact. In fact, the design
researchers described physical contact both as a design target and a key aspect shaping the design process.
Nonetheless, physical contact was present in other projects. Physical contact is key in embodied design activities
even if the target activity does not focus on it, because the body becomes an essential design material, as in situations
when body-based technology is at focus, e.g. wearables. For instance, physical contact was used in the form of physical
collaboration and assistance to put on, modify, and adapt design materials and prototypes on the body. In the Super
Trouper project, instructors and researchers helped children put on the wearables and adapt them, e.g. adjusting or
creating new affixing systems, or putting them in a different place. In Magic outFit, participants helped one another
“dress up” like the persona they were trying to feel like and enact. Participants enacting a persona would request certain
sensations from other participants, who would facilitate them through physical contact and engagement —e.g. poking,
caressing, tapping, etc. Additionally, contact was used to conduct the target activity, which was often physical. For
example, in the Super Trouper project, instructors and researchers helped the children engage with the activities offering

support when needed, for example providing a hand for extra support when the children walked the tightwire.

5.1.4 Moving with objects. Many projects used objects as design resources and goals in their methods. Hence Objects
emerged as a whole category in its own right (see the Objects category (5.3). We focus on the relationship between
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objects and movement in doing and acting, as originally found in the Ast3, KOM1, KOM and Tan2 methods. These
instances belonged to projects that had an emphasis on exploring possible movements done in combination with objects.
We found that wearables in Magic outFit were the design goal and objects were used to craft and simulate them. Objects
were used to explore the sensations they produced and whether they invited movement or supported self-awareness.
They allowed delving into other physical, cognitive, and emotional effects.

Objects were frequently used to explore, experience, generate and reflect on key physical and social actions [31]
of the intended experience and their effects on it. For example, in Ast4, designers used objects as props to explore
moving together with indirect physical contact, playing a variation of the Virtual Reality game Audioshield with two
players. One player used the head-mounted display and was thus inside VR while the other was outside. Players placed
themselves side to side (in an I formation position [32]), holding a controller in their outer hand and the end of a toy
golf club in the inner hand, closer to one another. The golf club connected them. The player in VR had to move and
guide the other player to score. This allowed design researchers to explore how this kind of movement made them feel

socially and physically, how it worked as a way to score, and how much they felt like dancing—a core design goal.

5.1.5  Constraints and Superpowers. We found several instances of movement explorations around constraints (limiting
poses, movements, and actions that would otherwise be feasible in a participant), and around what we called superpowers
i.e. poses, movements, and actions that a participant would not be able to do in principle. This category emerged from
the Tangibles project in general and the Ast3, Ast4, DiS1, S2M2 and Tan3 methods in particular.

Constraints were used as creative prompts, to explore and subvert possibilities tied to particularities of objects and
environments. For example, mainstream VR experiences tend to hijack the senses of the VR user—mostly vision, but
also touch, and hearing—and their presence from the physical space. Astaire worked towards subverting these trends
and exploring the design space of collocated mixed-reality play with a two-player dance game. Embodied explorations
in the design process involved constraining and providing access to senses, actions, and physical or virtual worlds [64].

Alternatively, constraints emerged from practical reasons due to instrumentality or because of the objects and
models used during the activity. Tangibles is an example of the former because the target rehabilitation exercises
required movements in specific directions. An example of the latter is S2M2, where Playmobil toys were used to enact a
scenario involving an immersive environment with multisensory data representation. The mobility of the toys imposed
constraints over the movements that could be explored from this third-person perspective. This was overcome through
first-person involvement, i.e. physically engaging with those actions the toys were unable to enact. This is linked to the
Perspectives category (4.4.2)

Over and above, several projects worked with exploring capacities, sensations, and possibilities beyond the partic-
ipant’s current repertoire both in the physical and virtual worlds. In the physical world, Magic outFit used MoF4 to
bodystorm how to mitigate and transform the current sensations of participants using external stimuli produced by
different objects. In the design of VR experiences, these explorations of possibilities of action turned to the extreme when
investigating “superpowers.” For example, in Diverging Squash, designers altered the physics of the VR world—gravity
and bounciness of a ball—to explore a new way of playing squash. In ACHIEVE’s methods Ach3 and Ach4, designers
explored being a child both in the physical world through changing bodily stance and posture, and in the VR world
through changing the dimensions of the world in comparison to the participant’s avatar. This is linked to the Perspectives
category (4.4.2) and resonates with previous works regarding changing individual and social perception and action, for

example, that of McVeigh-Schultz and Isbister [29].
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5.1.6 Instrumental domain. While a free exploration of movement was pervasive throughout the projects in the
portfolio, some of them focused on particular embodied core mechanics [31] that were necessary for the user, like Astaire.
This happened in the context of application domains using movement instrumentally, like for training or therapy. In the
case of Tangibles in general, and Tan3 in particular, researchers were interested not in the free exploration of movement
possibilities but in the recontextualization of specific, instrumental movements.

The design context in which a project was developed was often behind an explicit focus on instrumental goals. In
KOMPAN Workshop the objective was to make the physical fitness training more playful and thus more intrinsically
motivated. They were aiming for a combination of instrumentalized training parameters such as exertion, strength,
flexibility, coordination, motor skills, gravity, resistance, and power, combined with play characteristics. As another
example, projects in LearnSPORTtech focused on instrumental values of particular practices of training—such as yoga or

weightlifting— and targeted particular exercises within those practices.

5.1.7 Engagement. Participants typically engaged well with the movement-based design activities by involving their
bodies and frequently interacting with one another. In our empirics, participants tended to feel good and comfortable
with themselves and with one another, and there was usually high energy and a feeling of togetherness after embodied
design sessions. Engagement as a sub-category emerged from the general description of Astaire and Magic outFit, and
from the methods MoF1 and KOM1.

The energy of the participants was carefully considered in several projects, alternating between higher and lower
energy activities, and activities involving the body in different ways. For example, in Magic outFit, co-designers carefully
interwove less physically and socially active activities with the main movement-based activities. In particular, more
reflective and quieter activities such as filling body maps or brainstorming using sticky notes were used as a way to
change focus—e.g. from recalling to acting, from acting to listening; from generating ideas, to documenting them; and

so on—, and to rest and recover energy. Consider that energy management is one of the facilitation tasks above (4.3.1).

5.2 Space

We found several considerations around the use of space, which could be either physical (5.2.1), virtual or a hybrid of
both (5.2.2). Additionally, we identified factors concerning the delimitation (5.2.3) and room size (5.2.4) of the space to

use during the development of the activity.

5.2.1 Physical space. In our corpus of data, projects used different types and scales of physical spaces. In some cases,
very specific and project-relevant places were used, often in instrumental domains (5.1.6) where there was an overarching
goal behind the design. This goal could be more or less playful. For example, LearnSPORTtech employed a yoga and
fitness studios, and KOMPAN Workshop resorted to the Athletic Experimentarium, a combination of a track and field
stadium, obstacle course, parkour installations, and a cross-fit area. Specific places were also important in open and
playful-oriented projects, like DigiFys, which focused on outdoor play environments. Plus, in VR-related projects, such
as ACHIEVE, Diverging Squash and Astaire, appropriate rooms with VR equipment were essential. The choice of location
was due to their relevance to the target application domain or the needs in logistics or materials to conduct the design
activity.

However, we also found that methods used more “generic” spaces, which were adapted by facilitators and designers
researchers for the activity at hand. For example, in LearnSPORTtech, activities were organised both in a room transformed
into a training space with basic yoga equipment such as yoga mats, and in the target place, a dedicated gym equipped

with weights, machines and mats. The former was chosen as it gave control and access to designers, e.g. it allowed
12
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them to organise and change the space during the process, while the latter offered control and access over the process
to target users which were instructors and practitioners.

In a middle ground, Super Trouper used a school gym hall, which incorporated some physical training equipment
used during warm-ups—e.g. mats, balls, hoops, a vaulting horse, etc.—, and which was further equipped by the circus
instructors and co-designers with circus-specific equipment such as a tightwire, trapeze, rola bola, etc. Additionally, the
design research team incorporated the technology—multiple wearables—and research equipment like cameras.

Finally, DigiFys reported both its methods DiFI and DiF2 being located outdoors and in public. While this was
necessary given the project’s focus on designing and observing behaviour in playgrounds, it posed limitations to what

ideation activities could be done, and in particular, this required a more lightweight approach to facilitation.

5.2.2  Virtual and Hybrid spaces. Virtual space emerged as a category from the Astaire project and the Ach1, Ach3, Ast2,
Ast3, Ast4, DiS1and S2M1 methods. Hybrid space emerged from ACHIEVE, Astaire, Diverging Squash, and Online Course
in Embodied Interaction as projects and from the Ach3, Ast3, Ast4 and DiS1 methods. Notice how these latter methods
appear in both categories. VR which emerged as a particular and distinctive space in the following projects: ACHIEVE,
Diverging Squash, Astaire, and Sense2MakeSense. The latter two focused more or as much on the physical than the
virtual space. In Sense2MakeSense, the physical space was used to leverage important sociospatial considerations to
design an immersive and multisensory experience for VR. In contrast, the design goal of Astaire was set in the hybrid
space: providing a fun and interesting play experience for a player in VR and out. Both projects involved both the
physical and virtual worlds.

In Ast2, off-the-shelf VR experiences and games were used to sensitize designers. Additionally, in Ast4, they worked
as design resources to help inspire, explore, and come up with interesting play ideas through transgression and re-
appropriation. In both the ACHIEVE and Diverging Squash projects, custom 3D environments were designed and used
for the activities. Some of these environments employed custom physics and behaviours, which required the added effort
of 3D modelling, programming, testing, setting up, and onboarding, and also the added requirements of appropriate
equipment and physical space. This is connected with the Facilitation (4.3.1) and Planning and Logistics (4.3.2) categories.

Projects using virtual spaces were also aware of and considered the role of the physical space. In some of them, the
simultaneous exploration of the physical space was intrinsic to their goals. For example, in ACHIEVE a hybrid space
was created by adding tracked physical shopping carts to the experience. This allowed the designers to employ tangibly
embodied feedback in the virtual environment while also developing a meaningful connection to the physical space
and collaborators. In this way, students outside VR would interact with students inside by aligning their physical and
virtual positions. Students were able to see their fellows’ virtual perspectives on screens in the mixed-reality space.
Additionally, physical props such as different food types were used in the embodied improvisational interactions.

In other cases, the hybrid space emerged out of necessity, like in the Online Course in Embodied Interaction, a course
that needed to be conducted online due to COVID-19 pandemic restrictions but that otherwise would have benefitted
from participants being in the same space [61]. In that setting, individual participants connected to each other through
videoconferencing software but conducted the activities of the bodystorming—physical games, exploration of materials,
movements in space, etc.—from their own rooms at home. Students reported curating the space to be shown, which
gave them control over the presentation of such an intimate space. They felt the safety supported by their spaces and
the familiarity of objects in their space allowed them to engage and ideate in a straightforward manner. While the

physical space became the main place of bodily action, the online space became the place for social interaction, thus
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creating a hybrid form of bodystorming. This approach integrated two of the method’s main considerations, space and

social interaction, from different perspectives.

5.2.3 Delimitation. We found that the delimitation of a working space was a relevant consideration across methods in
our corpus, which we related to Goffman’s concept of frames, and the concept of "magic circle of play" in game design
and game studies [18, 43]. Frames refer to social conventions and expectatios structuring and organizing our experience.
The magic circle of play refers to a special time and space created when playing that is governed by different rules and
understandings than in the everyday world [11, 43, 48]. In a similar way, embodied design methods seem to seek and
foster a distinctive frame set apart from ordinary life in which particular kinds of physical and social action that might
be weird or unusual in everyday contexts are sought and supported. This category emerged from Ach1, Ach3, DiF1,
DiF2, DiS1 and GIFI; and also from the GIFT project in general.

At times, special spaces emerged as participants engaged in the design or play activity. For example, in Astaire, there
was an “invisible” but clearly demarcated round-shaped stage where players in and outside VR interacted. The rest of
the team stayed around acting as a participative audience, commenting and assisting when needed. Contrastingly, in
other projects, a good deal of attention was paid to boundary objects and marks helping physically demarcate areas to
focus attention, understanding, intention, and action [11]. Sometimes the limits of the space were physically indicated
through the arrangement of furniture and objects in the room, and sometimes by marking spaces on the floor with tape.
For example, in GIFT, several activities included pretending to be in a museum, but there was very limited space to
represent this museum. Delimiting the space with barriers representing different rooms served to signal what space was
standing in for the museum. Further, it encouraged a high level of social interaction between participants in a focused
space, rather than having them explore the whole space as such.

Delimitation of the physical space was at the core of the design goals of DigiFys. The designers not only wanted
to install interactive playground equipment but to create a space that would foster particular movements, paths and
behaviours between play stations. As such, landscape architects worked together with interaction designers, and natural
materials such as bushes, flower beds and paths were designed to delimit the interaction space, promoting movement
and social interaction in certain areas and limiting access to other areas. Finally, furniture emerged as a delimiting
spatial boundary in some projects, even if unintended. For example, in ACHIEVE, the designers expected the furniture
to be used by the students as a design material. However, students initially understood furniture as fixed elements in

the space.

5.24 Room Size. Considerations in delimitation were related to the space requirements regarding room sizes across
projects. These requirements first appeared in our corpus in GIFT and Online Course in Embodied Interaction, and in
Ach3, Astl, Ast2, Ast3, Ast4 and DiF1. For example, we found that GIFT reported having low requirements for space, and
Astaire reported needing only a big enough space to move and run around. In contrast, ACHIEVE reported needing a
large room for their bodystorming sessions due to their video recording setup and because of health measures regarding
COVID-19. DigiFys, by contrast, needed events to be run in authentic environments. Because the material and spatial
conditions were in focus for these studies, selecting authentic environments that were representative of different types
of places—a playground, in this case—became a central consideration. Similarly, Super Trouper required big halls—a
circus hall and a primary school physical education hall—because its design activities involved multiple large objects
and furniture such as mats and mattresses, trapezes, benches, and trellises that could not be placed elsewhere.

An interesting compromise regarding room size and engagement (5.1.7) comes from Magic outFit. The researchers

had a problem of interference caused by the two groups being in the same room. On the one hand, they wanted to
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have all participants in the same space for sharing the materials and interacting, but on the other hand, the two groups
interacting with sound interfered with each other ideation process. Sometimes the room was too noisy and did not
allow participants to hear well some of the more subtle sounds, especially when the sound objects were applied to body

parts or space far from the ears, like close to the feet.

5.3 Objects

Objects emerged as one of the most prominent categories in the categorization. Most of the techniques relied on the use
of objects, which ranged from tangible, physical objects (5.3.1)—including a special focus on cards (5.3.2)—to technologies
of different sorts and fidelity (5.3.3). In the following, we cover this range and conclude by articulating two properties

and strategies around the use of objects: affordances (5.3.4) and subversion (5.3.5).

5.3.1 Physical Objects. Physical objects were very common across the projects. For instance, we found them in notes
regarding Ach3, Aché, Ast3, DiF2, KOM3, LSt1, LSt3, MoF4, S2M1, Tan2, and Tan3, and also in the general descriptions of
GIFT and LearnSPORTtech. Physical objects were frequently described as common, simple, readily available, and low
cost, meaning that they were cheap to buy or create and that they did not need to be necessarily handled with special
care. We observed that because of how they were used, the objects were not destructively transformed, and when they
were, they were easy to replace. All of this made these objects malleable, adaptable, and highly transformative and
provided them with a strong resignification power. For example, as we mentioned earlier in the Moving with objects
sub-category (5.1.4) regarding Ast4, a toy club for playing pretence golf was momentarily torn apart: The clubhead was
removed and the shaft was used to extend the reach of the controllers.

Objects were key for divergent design as crucial prompts for ideation. They were often essential in multidisciplinary
contexts involving experts and novices. For example, both in Magic outFit and in Online Course in Embodied Interaction,
simple objects supporting different sensory qualities—textures, shapes, weights or sounds—, enabled people with and
without a technical background to generate ideas for future sensing and actuating technologies.

Idea materialization using objects played a strong role in convergent phases of ideation, involving building mock-ups.
These acted as “quick and dirty” experience prototypes [7] that allowed other participants to get a sense of the target
experience. For example, in S2M1, participants within a team used objects to individually come up with ideas for
multisensory immersive data representation. These ideas were then shared among the group and iterated together in
the rest of the activities from Sense2MakeSense. Additionally, objects were used to prototype the space in which the
activity would take place and explore ideas involving spatial elements. For example, in Ast3, cardboard boxes were used
to explore an idea involving a hybrid obstacle course with physical and digital obstacles.

We observed very deliberate decisions regarding what kinds of elements to bring to the methods that involved the
use of objects. For instance, objects were chosen for a given method due to one or more of the following: (1) tactile
or other sensory properties, (2) shape and size, (3) similarity to other objects, e.g. to create models at scale in S2M2,
(4) composability and how they could work as building blocks or crafting material, (5) interactive capabilities via
electronics or mechanics as a way to simulate future technology, (6) evocative properties, e.g. complex mechanisms to
inspire movement, (7) affordances—see below (5.3.4), (8) or availability and low cost.

In most cases, the objects that were used were common crafting materials and everyday objects, such as cardboard
boxes, tape, sticks, balls, toys, lights, toys, dolls, hand puppets, children’s musical instruments, glue guns, pipe cleaners,
cardboard, scissors, knife, sponges, modelling wax, foam cardboard, straws, plastic mugs, barbecue sticks, adhesive tape,
a stapler, a multi-head screwdriver, a Rubik’s cube, and small boxes with magnetic closing. Crafting materials were
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essential to transform and resignify other kinds of objects. Brought-in objects were also domain-related, like sports
equipment in KOMPAN Workshop and Super Trouper. These objects were essential to support ideation considering

domain-specific practices.

5.3.2 Cards. Paper cards were a special class of physical objects used across many methods and in different ways. The
projects that used cards were KOMS5, LearnSPORTtech, Magic outFit,Sense2MakeSense and Super Trouper. Specifically, the
methods from which this category emerged were KOM3, KOM, KOM5, KOM6, MoF1, MoF2, MoF3, S2M2, S2M3, S2M4
and SuT4.

Cards were used across projects to represent the following categories: (1) Actions or embodied core mechanics in
Sense2MakeSense and KOMPAN Workshop; (2) movement qualities in KOMPAN Workshop Magic outFit, Sense2MakeSense,
Super Trouper; (3) tactile or auditory qualities in Magic outFit; (4) body parts in Sense2MakeSense, (5) moods, existing
sports and games, technologies for interactivity (sensors and actuators) and physical activity contexts in KOMPAN
Workshop, (6) scenarios in Super Trouper; (7) design goals—e.g. barriers to physical activity to beat—in Magic outFit;
(8) and technology uses in practice in Super Trouper.

Regarding objectives, uses, and rules, the cards were used in the following ways across methods: (1) as prompts to
inspire and guide movement or experiences in general; (2) as visual reminders of possibilities and considerations useful
to design; (3) as aids in ideation and/or reflection; (4) as creative modifiers of current explorations; (5) and as a means of
documentation of design constructs.

We found that cards were used according to different mechanics. In some cases, the cards were used by the participants
as a way of getting a random design prompt. This was implemented through shuffling and drawing from a deck in
KOMPAN Workshop, or by scattering cards on the floor and picking up one in Magic outFit. This created some spatial
requirements to consider, as previously discussed in Physical Space (5.2.1). In other cases, the facilitators or participants
would choose the cards after careful consideration. For instance, in Magic outFit, participants chose the card with a
keyword that best described how they had felt, and in KOMPAN Workshop, designers added action modifiers that they
considered interesting in order to introduce variations. Additionally, there were occurrences where cards could be
modified on the spot. This happened in Magic outFit and Sense2MakeSense, which featured blank or wild cards for the
participants to fill in using sticky notes.

In several projects, card use was carefully timed in the schedule of design activities. For example, in Magic outFit,
cards depicting barriers to the physical activity set up the design goal by being used before the design and enactment
stages. As discussed above in 5.1.7, when card usage was combined with activities that engaged the whole body, some
friction would appear and movement creation would be hindered.

Regarding the design of the cards, they were often minimalistic containing few keywords and/or an image in the
form of a picture or an icon. The former would often have a defining and focusing character while the latter would be
used to inspire and evoke. Images came either from stock pictures and icons or from in-house designs. Cards often
featured categories identified either with colours or with printed icons. This allowed for quick identification in the
design activities. It is worth mentioning that cards in all projects were highly visual and assumed sighted participants.
Hence, without further modifications, the studied cards present an important accessibility barrier for participants with

visual impairments.

5.3.3 Technologies. Technology with different levels of fidelity, high or low, was present in several projects. This
category emerged from the Astaire, Diverging Squash, Magic outFit, Super Trouper and Tangibles projects in general, and

from the methods Ach7, Ast3, Ast4, DiF1, KOM5, LSt1, LSt2, MoF3, S2M1, S2M2 and SuT3 in particular. On the lowest end
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of this technological fidelity range, the category of fake tech emerged: props or cards that represented and substituted a
specific device or functionality during the activity. Such elements were often used when the details of implementation
were still not known or needed, or when the cost in logistics for the actual technology would be prohibitive for the
given design stage. For example, in KOMS3, a set of technology cards—see Cards above (5.3.2)—was used when building
physical mock-ups of the ideated interactive interventions. The focus was on experiencing the 1:1 scale of the mock-up
and not on testing the proposed interactivity.

In contrast, some projects included already working technology in their methods, such as LearnSPORTtech, Magic
outFit and Super Trouper. For instance, LearnSPORTtech used in LSt1 and LSt2 a series of wearables—Training Technology
Probes, or TTPs—that had been designed and implemented in the context of yoga and circus training, and then deployed
them in embodied explorations of weightlifting [54]. A special case we discussed above (5.2.2) is that, in some projects,
the technological element was central in the form of Virtual Reality. This was the case of projects including ACHIEVE,
Astaire and Diverging Squash, which employed VR both as the design goal and the vehicle to design. In ACHIEVE,
similarly to Weijdom [62], designers used VR to facilitate embedding virtual objects, adjusted lighting, sounds, and

video screens placed within the design of the virtual supermarket.

5.3.4 Affordances. A key element that we found when analyzing the use of objects across these movement-based
design methods was the concept of affordance [15, 20, 28]. In our empirics, affordances mostly referred to physical
actions allowed and invited by an object or environment [41]. Further, they had a strong focus on materiality and
material aspects. This category emerged from the projects of Astaire, GIFT, KOMPAN Workshop and LearnSPORTtech,
and the Ach3, Ach4, Ach5, DiS1, MoF3, Tan2, and Tan3 methods.

Affordances were considered when selecting objects to bring to design activities for the actions—core mechanics—they
would possibly inspire. For example, in Magic outFit, designers included stress-release balls to invite explorations around
squeezing. Further, affordances emerged to reflect creative emergent behaviour in the design sessions supported by
objects, which was instrumental for design. For example, in ACHIEVE the participating students pushed a shopping
cart but could also physically sit in it while simultaneously puppeteer a virtual character in VR. Even when interacting

in a virtual space, such affordances steered the ideation process.

5.3.5 Subversion. Some methods were focused on finding new uses for objects and technologies that were designed
with a specific purpose: subversion emerged as a sub-category from Ast3, Ast4, Ast5, KOM1, LSt1, LSt2, S2M1, SuT2,
SuT3, Tan1 and Tan2. These new uses were either the objective of the project in general or a way to aid in the ideation
process. We discussed above in Technologies (5.3.3) an instance of LearnSPORTtech that exemplified the former: embodied
explorations in LSt1 leveraged Training Technology Probes that were initially developed for yoga [53] and that were
brought to weightlifting in order to find out new uses in this other physical training practice [56]. An example of
subversion aiding in the ideation process is Ast4, that, as we mentioned above in Virtual and Hybrid spaces (5.2.2), used

existing VR games as platforms to explore different game mechanics and affordances of VR equipment.

6 DISCUSSION

In this section we elaborate on action points based on the previous empirics and prior work, and then discuss our

general reflections, the limitations of the work, and future work.
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6.1 Action Points

The following is a list of action points, insights and recommendations focused on the categories and sub-categories of
the Design Resources section (5). We include references to other categories in the map (Fig 1) that are relevant to the

recommendations of a given sub-category.
6.1.1 Movement.

Movement qualities (5.1.1).

e Focus on direct experience and explore targeted movement qualities, which can be fruitful in design [13].
While they might be common and present on a daily basis, they are not frequently at focus. Hence, it might be
difficult for design researchers to work with them without experiencing them first-hand. Elucidate and carefully
articulate those qualities first in close connection with the target application domain, users and practice.

e Body orientations and proxemics [9, 17, 21] might also go unnoticed despite being used on a daily basis [33].
They need to be explicitly brought to the forefront of design activities if they are meant to be used as design

resources.

Body regions (5.1.2) and Perspectives (4.4.2).

o While movement-based design methods typically promote full body engagement, for some design activities it
makes more sense to focus on particular body areas [19]. This is particularly the case when they are at focus on
the target application domain (e.g. [35, 56]). Consider: Which kind of bodily involvement are we designing for?
Are there key body parts at focus? If so, make them relevant during the design activities.

o Consider that body engagement and gestures may organically emerge as designers design, e.g. when gesturing
to clarify a sketch or the usage of a prototype [2, 4]. However, if the aim is to use them as design resources,
facilitation may help in this regard, instructing designers when to engage with particular kinds of gestures and

body parts, and what for.

Contact (5.1.3), Design Phase (4.2.1), Facilitation (4.3.1) and Play (4.4.1).

e When physical contact is a target design goal (e.g. [26]), make sure you include it in all phases of the design
process (4.2.1), from sensitizing activities to ideation and testing activities, so it is at the core of the resulting
ideas.

e Physical contact does not come naturally to everyone. Hence, an important facilitation task (4.3.1) is to make
sure one enables a safe space to explore physical contact. A good way of doing this might be through warm-up

games and activities.

Moving with objects (5.1.4), Objects (5.3), and Constraints (5.1.5).

o When the target design focuses on designing technological artefacts to support particular movements objects can
help to imagine them [37]. Of particular interest are their affordances (5.3.4), which can be explored, subverted

(5.3.5), and extrapolated to that future design.

Constraints and Superpowers (5.1.5) and Perspectives (4.4.2).
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937 e Explore the use of VR to impose or remove physical constraints on objects and the world, and to take perspectives
938 and explore abilities beyond your own. This might entail engaging with already available worlds or creating
939

o0 worlds of your own.

41 e Make the most of constraints and “superpowers” facilitated by different perspectives (4.4.2), and be ready to
942 shift between them.

943

944 Instrumental domain (5.1.6).

945
» e Make sure to develop a thorough understanding of the instrumental values and goals in the targeted practice.

047 Additionally, make sure to understand the targeted movement, its qualities and typical “rights” and “wrongs”

948 (e.g. [56]). A good understanding of the practice can also help designers challenge the norms and disrupt the
practice and its movements if that is desired.

o This will allow you to come up with design ideas that fit well and support the practice, those instrumental

952 values, and the ecology of physical, digital, and sociospatial elements used in the practice.

954 Engagement (5.1.7), Facilitation (4.3.1), Planning and Logistics (4.3.2), and Design Phase (4.2.1).

9% o Engagement with movements, with others, with objects and the space, is essential in movement-based design

956

057 activities and should be at the core of the design and facilitation of those activities. Engagement is a catalyst for

958 idea generation [63], and it also supports group cohesion, in turn positively impacting the design process.

959 o In well-designed and facilitated movement-based activities engagement will naturally emerge. However, a

70 caveat about engagement and energy, is that participants may not always notice the energy they are spending
961

062 and how this might be affecting them. which we relate to a involving the moving and social body. Hence, it

963 is important to manage the engagement of the group by alternating between activities with different energy

964 levels, e.g. those in which the body is more intensely performing, with others less bodily demanding. Ideally,

%65 the aim is to arrive at a state of flow [10].
966

%7 6.1.2  Space.

968

969

Physical Space (5.2.1), Planning and Logistics (4.3.2), and Facilitation (4.3.1).
970

971 o Dedicated spaces help frame [16] the activity as something different and separate from other activities, which

972 can support engagement and a feeling of safety, both of which are essential in movement-based design methods.

7 Private and separate spaces can particularly support participants to engage physically and socially by reducing
974

exposure to access or sight from third parties. Otherwise, the latter may negatively affect how participants
976 move and engage.

77 e Embodied design activities typically require non-trivial logistics and facilitation of physical and social elements.
e For example, facilitators have to bring physical objects and technologies for the methods and their documentation
979

080 or arrange the space in particular ways. All this might be easier in a controlled space. However, you should

981 always gauge your space needs in relation to the project goals. Domain-specific spaces are a great asset to the
982 contextual emergence of ideas and to test and iterate ideas against a relatively realistic sociospatial context.
983

984 Virtual and Hybrid Space (5.2.2), Objects (5.3), Planning and Logistics (4.3.2), Facilitation (4.3.1).

985
056 e Projects focused on designing VR experiences can benefit from design activities heavily involving the physical
987 world, like bodystorming. This brings the advantage of leveraging the already existing physical context and
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989 physicality of objects to come up with interesting ideas from immersive, multisensory, and social perspectives
990 without the necessity of implementing anything in VR just yet.

Zzi o A low-cost yet interesting design resource to sensitize and inspire designers and start ideating from VR is using
903 already existing off-the-shelf experiences, and exploring and subverting existing affordances and supported

994 embodied core mechanics [64].
995 e However, existing VR experiences might fall short to support key embodied core mechanics and experiences
996

. needed for sensitizing and ideation. In such cases, consider creating custom 3D environments that provide

908 designers control over important design elements, like physics and object behaviour. This approach entails
999 considerable effort including the design and implementation of the VR platform as well as facilitation (4.3.1)
1000 considerations.

1001

o e Remote participation in online embodied design activities brings together and makes public different private

1003 remote spaces, which bring important considerations, e.g. regarding privacy and exposure. While engaging in

1004 remote design activities like bodystorming, even if designers might miss physically sharing objects and social

1005 contact, the hybrid space can still support embodied action.

1006

1007 e In cases where activities involve the privacy of the homes, make sure to be supportive of the curation of the

1008 space [61]. Also, allow for diverse sharing control mechanisms—such as being able to disconnect audio and

1009 camera if needed—, and be flexible with in-and-out participation, by providing ways for participants to keep

1010 engaged even if they need to momentarily “disappear” from the “stage”—e.g. through chats. Further, make the

1011

o most of familiarity with objects and space by encouraging participants to bring with them interesting ideation

1013 objects before the session.

1014

1015 Delimitation (5.2.3), Planning and Logistics (4.3.2), Facilitation (4.3.1).

1ot e Embodied design activities require a certain degree of physical and social exposure and engagement that are
1017

o out of the ordinary compared to everyday social situations—beyond the context of play. Therefore it is useful to

1019 clearly frame these situations as something different, out of the ordinary, and even play-like (4.4.1). This can

1020 lower the stakes and the threshold for engaging physically and socially.

1021 e Boundary objects and marks can help greatly demarcate these special places where embodied action happens in
1022
s general. These marks, together with relevant objects (5.3) and materials can also help mark areas for particular

1024 actions, e.g. space for crafting, and another for scenario enactment.

1025
1026 Room size (5.2.4), Facilitation (4.3.1), and Planning and Logistics (4.3.2).
1027 e Strike a good balance between room size: big enough to not interfere with other participants’ body and
1028

. movement explorations, and small enough to support creative transference and sharing of resources.

1030 e Special attention must be paid to situations using sound as design material, for the capacity of sound to traverse
1031 the space. If sharing a space is needed among different working groups, consider bringing headphones or
1052 employ turn-taking.
1033

1034 6.1.3  Objects.

1035

1036 Physical Objects (5.3.1), Design Phase (4.2.1), Facilitation (4.3.1), and Planning and Logistics (4.3.2).

1037

1038 e Designers-researchers who want to start working with movement-based design methods could start collecting
1039 and curating a “bodystorming basket” of simple and diverse objects like the aforementioned (5.3.1). Important
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1041 objects to include in the basket are e.g. toys, crafting materials, sports equipment, textiles, and affixing materials
to place objects on the body.

e Consider our list of kinds of objects (5.3.1) as a guideline for aspects to look for in your “bodystorming basket”

1045 including tactile properties, shape/size, similarity, composability, interactive capabilities, evocative properties,

1046 affordances, and cost.

o Objects work both for focusing and disrupting attention. If working with objects is at the centre of the design
activity, schedule time to explore them freely before using them to actually build or design. As something to

1050 consider as part of your facilitation tasks (4.3.1), you may design warm-up or sensitizing activities early in the

1051 session to familiarize participants with them (e.g. [38]).

e Objects can work both for divergent and convergent design phases (4.2.1). They work great as prompts for

ideation, allowing one to materialize and share ideas among people with different backgrounds and expertise.

1055 They can also work great in convergent stages, to refine, test, and share future experiences like “experience
1056 prototypes” [7].

1057

1058 Cards (5.3.2), Planning and Logistics (4.3.2), Facilitation (4.3.1).

1:2; e Cards can help participants engage with a broader design vocabulary and richer palette of considerations. They
1061 can be used for multiple purposes (5.3.2), ranging from prompting action, reminding possibilities, assisting in

1062 ideation and reflection, modifying current action, and documenting (4.3.3) designs and experiences.

1063

oo o Interacting with cards entails engaging physically in particular ways: e.g. bodily orienting towards the cards,

1065 handling and manipulating the cards, and paying attention towards them. Therefore, consider how the cards

1066 can be integrated within the broader movement-based activity. A possible strategy to include cards in embodied

1067 design activities involves turn-taking: engaging with cards prior to or after a main bodily engaging activity.
1068

e Another strategy is through facilitation (4.3.1), where a person takes the primary role of handling the cards

1070 and making them available for others engaged in more physically-demanding activities. Hence the cards will

1071 primarily be used to assist with facilitation.
1072 o Creating ad-hoc card resources can be an intense design research activity regarding facilitation (4.3.1), planning
1073

o and logistics (4.3.2). Make sure to build in time to design and iterate them along with people in the team.

1075

e Technologies (5.3.3), Physical Objects (5.3.1), Planning and Logistics (4.3.2), and Facilitation (4.3.1).

1077 e Simulate technologies using physical objects (5.3.1) in your “bodsytorming bag”, or craft new ones with cardboard

12;2 and paper. A person in the team can also pretend to be the technology using enactment (4.2.3) [37]. Alternatively,

1080 add gadgets (e.g. from bazaars, pet shops, children’s play stores) to your “bodystorming basket” that can help

1081 think about the interactivity and feedback of technology.
1082 e Deploying already existing and functional technology in any stage of development can allow designers to assess

1084 its potential, identify shortcomings that could lead to meaningful iterations, inspire thinking in new directions,

1085 or generate ideas for completely new technologies.

1086
1087 Affordances (5.3.4), Subversion (5.3.5), Planning and Logistics (4.3.2), and Facilitation (4.3.1).
1088

e When curating objects for your “bodystorming basket,” think about the affordances they support. This is well
1089

109 used in known interaction design methods, like interaction relabelling [12], where the recommendation is to
1091 use mechanical gadgets with moveable bits and pieces.
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e Dare to explore how to make the most of, but also subvert existing affordances of physical objects and technology
(e.g. [12, 63, 64]). Facilitation (4.3.1) will be key in this regard, in particular, to support estrangement [63] i.e.
turning the familiar (objects, actions...) upside-down, engaging with them as if they were extraordinary, or
experienced for the very first time. This supports reflection on what we take for granted and can inspire
interesting ideas.

e When the focus is on physical activity beyond hand manipulation, think broadly about how certain objects may

support particular postures and bodily orientations [14] that might be of interest to the project.

6.2 General Reflections, Limitations and Future Work

Movement-based design methods exhibit properties that are less common in other forms of ideation. In particular,
the physicality of these methods requires important considerations related to the bodily engagement of participants,
as well as to space and materiality. This poses challenges and opportunities not seen in classical ideation activities.
Therefore, those who have not experimented with these kinds of methods might find them intimidating. Above (2.1),
we discussed related previous works that result in categorizations of movement-based design methods: Andersen et al.
[1] and their typology of seven foci, Wilde et al. [63] using an analyzing framework based on estrangement, and Loke
and Robertson [23] proposing a design methodology based on choreographic tools. Despite their relevance, we contend
that these works are not an ideal entry point for the design researcher who wants to start using movement-based
methods. Contrastingly, we provide a practical guide for them by focusing on surfacing tacit knowledge from a group of
experienced researchers. We focused on the area of Design Resources (5) because of how practical they are. Additionally,
through the Action Points (6.1) we tightly connected the design resources to the categories of Facilitation (4.3.1) and
Planning and Logistics (4.3.2). In this way, novices can find a clear route to start experimenting with movement-based
design methods.

Our Methodology (3) used a bottom-up approach, was practice-based, and led to a comprehensive set of results. We
contend that our results have validity due to the following considerations. First, our original corpus of data came from
several projects of different authors and the reported movement-based design methods that they used in practice. During
the initial characterization process, we used perspectives both from two experts in the field and from two students in
training. This allowed for the emergence of characteristics relevant to different levels of expertise. Additionally, we
worked with a loose set of guidelines so that the characteristics that emerged would tend to be divergent. We decided
on the names and boundaries of emerging categories and subcategories based on consensus combining these different
levels of expertise. Finally, the insights, action points and recommendations we share are based on these empirics and
are tied to previous work.

An important limitation of our work is that we only focused on one group of categories. Even though we attempted
to connect the Action Points (6.1) with other categories, there is still work to do to expand on all of them and their
implications. In this way, our work offers a “palette” of possibilities that we acknowledge are not exhaustive or definitive.
Additionally, we articulated the action paints based on our tacit knowledge and references. They worked for us, but
their generative capacity for others needs to be proven. Future work can expand or challenge what we presented
here. Finally, note that we acknowledge the limitation of our corpus, as it is not necessarily representative of all
movement-based design processes. We argue that it being part of an international design research consortium with a
focus on movement-based design is illustrative of different approaches to these methods, but we recognize that having

started from another corpus of data we could have obtained a different set of categories and action points.
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7 CONCLUSION

This works adds to the current Interaction Design and HCI body of works on movement-based design methods (e.g.
[1, 23, 36, 37, 46, 63]) providing a practical guide for both novice designers as well as seasoned ones interested in
them. We developed an empirically-based characterization of design resources as employed in movement-based design
methods. The relevance of this work is in its practical focus, developing design resources in embodied design methods
with illustrative examples that can be of interest to the reader. We contribute action points that we argue are suitable
for use in practice. These can be considered design recommendations that can help others think about or get started
with movement-based design methods in their own practice.

To the best of our knowledge, there is no existing work on embodied design methods that does this task of “lowering
the threshold” for getting started with these methods, which can be intimidatory for novices. Hence, we contend that
it is novice designers looking to get started with movement-based design methods the ones who might benefit the
most from our contributions. The seasoned designer will identify that the action points are not groundbreaking—rather,
they encapsulate and articulate existing tacit knowledge of embodied design. However, we also believe that seasoned
designers can find utility in our work: using our categories as a live palette of possibilities that can inspire them, and as

a document to help them argue for or against particular design choices.

REFERENCES

[1] Rasmus Vestergaard Andersen, Seren Lekbo, René Engelhardt Hansen, and Lars Elbaek. 2020. Movement-Based Design Methods: A Typology
for Designers. European Conference on Games Based Learning (2020), 637-645,XILXIV,XVIL. https://doi.org/10.34190/GBL.20.082 Num Pages:
637-645 XILXIV,XVI Place: Reading, United Kingdom Publisher: Academic Conferences International Limited.

[2] Mattias Arvola and Henrik Artman. 2007. Enactments in Interaction Design: How Designers Make Sketches Behave. Artifact 1, 2 (2007), 106-119.
https://doi.org/10.1080/17493460601117272

[3] Jon Back, Laia Turmo Vidal, Annika Waern, Susan Paget, and Eva-Lotta Sallnas Pysander. 2018. Playing Close to Home: Interaction and Emerging

Play in Outdoor Play Installations. In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems (CHI ’18). Association for

Computing Machinery, New York, NY, USA, 1-11. https://doi.org/10.1145/3173574.3173730

Mathilde M. Bekker, Judith S. Olson, and Gary M. Olson. 1995. Analysis of gestures in face-to-face design teams provides guidance for how to

=

use groupware in design. In Proceedings of the 1st conference on Designing interactive systems: processes, practices, methods, & techniques (DIS ’95).
Association for Computing Machinery, New York, NY, USA, 157-166. https://doi.org/10.1145/225434.225452

[5] Genevieve Bell, Mark Blythe, and Phoebe Sengers. 2005. Making by Making Strange: Defamiliarization and the Design of Domestic Technologies.
ACM Trans. Comput.-Hum. Interact. 12, 2 (jun 2005), 149-173. https://doi.org/10.1145/1067860.1067862

[6] Johan Blomkvist and Stefan Holmlid. 2010. Service Prototyping According to Service Design Practitioners.

[7] Marion Buchenau and Jane Fulton Suri. 2000. Experience prototyping. In Proceedings of the 3rd conference on Designing interactive systems: processes,
practices, methods, and techniques (DIS "00). Association for Computing Machinery, New York, NY, USA, 424-433. https://doi.org/10.1145/347642.
347802

[8] Colin Burns, Eric Dishman, William Verplank, and Bud Lassiter. 1994. Actors, hairdos & videotape—informance design. In Conference Companion on
Human Factors in Computing Systems (CHI "94). Association for Computing Machinery, New York, NY, USA, 119-120. https://doi.org/10.1145/
259963.260102

[9] T. Matthew Ciolek. 1983. The proxemics lexicon: A first approximation. Journal of Nonverbal Behavior 8, 1 (Sep 1983), 55-79. https://doi.org/10.
1007/BF00986330

[10] Mihaly Csikszentmihalyi. 2008. Flow: The Psychology of Optimal Experience (1 edition ed.). Harper Perennial Modern Classics, New York.
[11] Sebastian Deterding. 2009. The Game Frame: Systemizing a Goffmanian Approach to Video Game Theory.
[12

J. P. Djajadiningrat, W. W. Gaver, and J. W. Fres. 2000. Interaction relabelling and extreme characters: methods for exploring aesthetic interactions.

In Proceedings of the 3rd conference on Designing interactive systems: processes, practices, methods, and techniques (DIS "00). Association for Computing

Machinery, New York, NY, USA, 66-71. https://doi.org/10.1145/347642.347664

[13] Sarah Fdili Alaoui, Baptiste Caramiaux, Marcos Serrano, and Frédéric Bevilacqua. 2012. Movement Qualities as Interaction Modality. In Proceedings
of the Designing Interactive Systems Conference (Newcastle Upon Tyne, United Kingdom) (DIS ’12). Association for Computing Machinery, New York,
NY, USA, 761-769. https://doi.org/10.1145/2317956.2318071

[14] Pedro Ferreira and Kristina Ho6k. 2011. Bodily Orientations Around Mobiles: Lessons Learnt in Vanuatu. In Proceedings of the SIGCHI Conference on

Human Factors in Computing Systems (CHI °11). ACM, New York, NY, USA, 277-286. https://doi.org/10.1145/1978942.1978981

23


https://doi.org/10.34190/GBL.20.082
https://doi.org/10.1080/17493460601117272
https://doi.org/10.1145/3173574.3173730
https://doi.org/10.1145/225434.225452
https://doi.org/10.1145/1067860.1067862
https://doi.org/10.1145/347642.347802
https://doi.org/10.1145/347642.347802
https://doi.org/10.1145/259963.260102
https://doi.org/10.1145/259963.260102
https://doi.org/10.1007/BF00986330
https://doi.org/10.1007/BF00986330
https://doi.org/10.1145/347642.347664
https://doi.org/10.1145/2317956.2318071
https://doi.org/10.1145/1978942.1978981

1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247

1248

DIS’23, July 10-14, 2023, Pittsburgh, USA Anon.

[15]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

(31]

(32]

[33]

(34]

(35]

[36]

[37]

[38]

William W. Gaver. 1991. Technology Affordances. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI *91). ACM,
New York, NY, USA, 79-84. https://doi.org/10.1145/108844.108856

Erving Goffman. 1986. Frame Analysis: An Essay on the Organization of Experience. Northeastern University Press. Google-Books-ID: xK2JI4rspBcC.
Edward Twitchell Hall. 1966. The hidden dimension. Doubleday, Garden City, NY, USA.

Johan Huizinga. 1955. Homo Ludens: A Study of the Play-Element in Culture. Beacon Press, Boston, MA, USA.

Kristina Hook. 2018. Designing with the Body: Somaesthetic Interaction Design. MIT Press. Google-Books-ID: 99Z0DwWAAQBA]J.

Victor Kaptelinin and Bonnie Nardi. 2012. Affordances in HCI: Toward a Mediated Action Perspective. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI °12). ACM, New York, NY, USA, 967-976. https://doi.org/10.1145/2207676.2208541

Adam Kendon. 2010. Spacing and Orientation in Co-present Interaction. Springer Berlin Heidelberg, Berlin, Heidelberg, 1-15. https://doi.org/10.
1007/978-3-642-12397-9_1

Judith Ley-Flores, Laia Turmo Vidal, Nadia Berthouze, Aneesha Singh, Frédéric Bevilacqua, and Ana Tajadura-Jiménez. 2021. SoniBand: Understand-
ing the Effects of Metaphorical Movement Sonifications on Body Perception and Physical Activity. In Proceedings of the 2021 CHI Conference on Human
Factors in Computing Systems (CHI "21). Association for Computing Machinery, New York, NY, USA, 1-16. https://doi.org/10.1145/3411764.3445558
Lian Loke and Toni Robertson. 2013. Moving and making strange: An embodied approach to movement-based interaction design. ACM Transactions
on Computer-Human Interaction 20, 1 (April 2013), 7:1-7:25. https://doi.org/10.1145/2442106.2442113

Alexander Hvidbjerg Kjeer Lund, Amalie Finnemannn Sgrensen, Lars Elbaek, and Maximus D. Kaos. 2021. Insights from design processes used in
developing exergames. In 15th European Conference on Game Based Learning, ECGBL 2021. Dechema eV, 490-498.

Nicolai Marquardt and Saul Greenberg. 2015. Proxemic Interactions: From Theory to Practice. Morgan & Claypool Publishers, San Rafael, CA, USA.
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7056253

Joe Marshall, Conor Linehan, and Adrian Hazzard. 2016. Designing Brutal Multiplayer Video Games. In Proceedings of the 2016 CHI Conference on
Human Factors in Computing Systems (CHI ’16). Association for Computing Machinery, New York, NY, USA, 2669-2680. https://doi.org/10.1145/
2858036.2858080

Louise Petersen Matjeka. 2020. The Move Maker - Exploring Bodily Preconditions and Surrounding Conditions for Bodily Interactive Play. In
Extended Abstracts of the 2020 CHI Conference on Human Factors in Computing Systems (Honolulu, HI, USA) (CHI EA °20). Association for Computing
Machinery, New York, NY, USA, 1-6. https://doi.org/10.1145/3334480.3381652

Joanna McGrenere and Wayne Ho. 2000. Affordances: Clarifying and Evolving a Concept. (2000), 8.

Joshua McVeigh-Schultz and Katherine Isbister. 2021. The Case for “Weird Social” in VR/XR: A Vision of Social Superpowers Beyond Meatspace. In
Extended Abstracts of the 2021 CHI Conference on Human Factors in Computing Systems (Yokohama, Japan) (CHI EA "21). Association for Computing
Machinery, New York, NY, USA, Article 17, 10 pages. https://doi.org/10.1145/3411763.3450377

Florian Mueller, Martin R. Gibbs, Frank Vetere, and Darren Edge. 2014. Supporting the Creative Game Design Process with Exertion Cards. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (Toronto, Ontario, Canada) (CHI '14). Association for Computing
Machinery, New York, NY, USA, 2211-2220. https://doi.org/10.1145/2556288.2557272

Elena Marquez Segura. 2016. Embodied core mechanics. Designing for movement-based co-located play. Ph.D. Dissertation. Uppsala University.
http://uu.diva-portal.org/smash/record.jsf?pid=diva2%3A920694&dswid=-4668

Elena Marquez Segura, Katja Rogers, Anna Lisa Martin-Niedecken, Stephan Niedecken, and Laia Turmo Vidal. 2021. Exploring the Design Space of
Immersive Social Fitness Games: The ImSoFit Games Model. In Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems (CHI
°21). Association for Computing Machinery, New York, NY, USA, 1-14. https://doi.org/10.1145/3411764.3445592

Elena Marquez Segura, Katja Rogers, Anna Lisa Martin-Niedecken, Stephan Niedecken, and Laia Turmo Vidal. 2021. Exploring the Design Space of
Immersive Social Fitness Games: The ImSoFit Games Model. In Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems (CHI
’21). Association for Computing Machinery, New York, NY, USA, 1-14. https://doi.org/10.1145/3411764.3445592

Elena Marquez Segura, Katta Spiel, Karin Johansson, Jon Back, Z O. Toups, Jessica Hammer, Annika Waern, Theresa Jean Tanenbaum, and
Katherine Isbister. 2019. Larping (Live Action Role Playing) as an Embodied Design Research Method. In Companion Publication of the 2019 on
Designing Interactive Systems Conference 2019 Companion (DIS ’19 Companion). Association for Computing Machinery, New York, NY, USA, 389-392.
https://doi.org/10.1145/3301019.3320002

Elena Marquez Segura, Laia Turmo Vidal, Luis Parrilla Bel, and Annika Waern. 2019. Circus, Play and Technology Probes: Training Body Awareness
and Control with Children. In Proceedings of the 2019 on Designing Interactive Systems Conference (DIS ’19). Association for Computing Machinery,
New York, NY, USA, 1223-1236. https://doi.org/10.1145/3322276.3322377

Elena Marquez Segura, Laia Turmo Vidal, and Asreen Rostami. 2016. Bodystorming for movement-based interaction design. Human Technology 12,
2 (Nov. 2016), 193-251. https://doi.org/10.17011/ht/urn.201611174655 Number: 2.

Elena Marquez Segura, Laia Turmo Vidal, Asreen Rostami, and Annika Waern. 2016. Embodied Sketching. In Proceedings of the 2016 CHI
Conference on Human Factors in Computing Systems (CHI ’16). Association for Computing Machinery, New York, NY, USA, 6014-6027. https:
//doi.org/10.1145/2858036.2858486

Elena Marquez Segura, Laia Turmo Vidal, Annika Waern, Jared Duval, Luis Parrilla Bel, and Ferran Altarriba Bertran. 2021. Physical Warm-up
Games: Exploring the Potential of Play and Technology Design. In Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems
(CHI ’21). Association for Computing Machinery, New York, NY, USA, 1-14. https://doi.org/10.1145/3411764.3445163

24


https://doi.org/10.1145/108844.108856
https://doi.org/10.1145/2207676.2208541
https://doi.org/10.1007/978-3-642-12397-9_1
https://doi.org/10.1007/978-3-642-12397-9_1
https://doi.org/10.1145/3411764.3445558
https://doi.org/10.1145/2442106.2442113
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7056253
https://doi.org/10.1145/2858036.2858080
https://doi.org/10.1145/2858036.2858080
https://doi.org/10.1145/3334480.3381652
https://doi.org/10.1145/3411763.3450377
https://doi.org/10.1145/2556288.2557272
http://uu.diva-portal.org/smash/record.jsf?pid=diva2%3A920694&dswid=-4668
https://doi.org/10.1145/3411764.3445592
https://doi.org/10.1145/3411764.3445592
https://doi.org/10.1145/3301019.3320002
https://doi.org/10.1145/3322276.3322377
https://doi.org/10.17011/ht/urn.201611174655
https://doi.org/10.1145/2858036.2858486
https://doi.org/10.1145/2858036.2858486
https://doi.org/10.1145/3411764.3445163

1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299

1300

Design Resources in Movement-based Design Methods: a Practice-based Characterization DIS’23, July 10-14, 2023, Pittsburgh, USA

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

(571

[58]

[59]

[60]

Elena Marquez Segura, Annika Waern, Luis Parrilla Bel, and Laia Turmo Vidal. 2019. Super Trouper: The Playful Potential of Interactive Circus
Training. In Extended Abstracts of the Annual Symposium on Computer-Human Interaction in Play Companion Extended Abstracts (CHI PLAY 19
Extended Abstracts). Association for Computing Machinery, New York, NY, USA, 511-518. https://doi.org/10.1145/3341215.3356282

Elena Marquez Marquez Segura, Laia Turmo Vidal, Luis Parrilla Bel, and Annika Waern. 2019. Using Training Technology Probes in Bodystorming
for Physical Training. In Proceedings of the 6th International Conference on Movement and Computing (MOCO °19). Association for Computing
Machinery, New York, NY, USA, 1-8. https://doi.org/10.1145/3347122.3347132

Don Norman. 1988. The Psychology Of Everyday Things (1st edition ed.). Basic Books, New York.

Antti Oulasvirta, Esko Kurvinen, and Tomi Kankainen. 2003. Understanding contexts by being there: case studies in bodystorming. Personal and
Ubiquitous Computing 7, 2 (July 2003), 125-134. https://doi.org/10.1007/s00779-003-0238-7

Katie Salen and Eric Zimmerman. 2003. Rules of Play: Game Design Fundamentals. The MIT Press, Cambridge, MA, USA.

Thecla Schiphorst. 2007. Really, Really Small: The Palpability of the Invisible. In Proceedings of the 6th ACM SIGCHI Conference on Creativity &
Cognition (Washington, DC, USA) (C&C °07). Association for Computing Machinery, New York, NY, USA, 7-16. https://doi.org/10.1145/1254960.
1254962

Thecla Schiphorst. 2011. Self-evidence: applying somatic connoisseurship to experience design. In CHI ’11 Extended Abstracts on Human Factors in
Computing Systems (CHI EA ’11). Association for Computing Machinery, New York, NY, USA, 145-160. https://doi.org/10.1145/1979742.1979640
Dennis Schleicher, Peter Jones, and Oksana Kachur. 2010. Bodystorming as embodied designing. Interactions 17, 6 (Nov. 2010), 47-51. https:
//doi.org/10.1145/1865245.1865256

Kristian T. Simsarian. 2003. Take it to the next stage: the roles of role playing in the design process. In CHI "03 Extended Abstracts on Human Factors
in Computing Systems (CHI EA *03). Association for Computing Machinery, New York, NY, USA, 1012-1013. https://doi.org/10.1145/765891.766123
Jaakko Stenros. 2014. In Defence of a Magic Circle: The Social, Mental and Cultural Boundaries of Play. Transactions of the Digital Games Research
Association 1 (02 2014). https://doi.org/10.26503/todigra.v1i2.10

Dag Svanees and Louise Barkhuus. 2020. The Designer’s Body as Resource in Design: Exploring Combinations of Point-of-view and Tense. In
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems (CHI °20). Association for Computing Machinery, New York, NY,
USA, 1-13. https://doi.org/10.1145/3313831.3376430

Ana Tajadura-Jiménez, Maria Basia, Ophelia Deroy, Merle Fairhurst, Nicolai Marquardt, and Nadia Bianchi-Berthouze. 2015. As Light as your
Footsteps: Altering Walking Sounds to Change Perceived Body Weight, Emotional State and Gait. In Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing Systems (CHI ’15). Association for Computing Machinery, New York, NY, USA, 2943-2952. https:
//doi.org/10.1145/2702123.2702374

Jakob Tholander. 2014. Using body cards in a design process for going from bodily experiences to design. In Proceedings of the 28th International
BCS Human Computer Interaction Conference on HCI 2014 - Sand, Sea and Sky - Holiday HCI (BCS-HCI ’14). BCS, Swindon, GBR, 141-150. https:
//doi.org/10.14236/ewic/hci2014.15

Vasiliki Tsaknaki, Madeline Balaam, Anna Stahl, Pedro Sanches, Charles Windlin, Pavel Karpashevich, and Kristina H66k. 2019. Teaching Soma
Design. In Proceedings of the 2019 on Designing Interactive Systems Conference (DIS '19). Association for Computing Machinery, New York, NY, USA,
1237-1249. https://doi.org/10.1145/3322276.3322327

Laia Turmo Vidal, Elena Marquez Segura, Christopher Boyer, and Annika Waern. 2019. Enlightened Yoga: Designing an Augmented Class with
Wearable Lights to Support Instruction. In Proceedings of the 2019 on Designing Interactive Systems Conference (DIS ’19). Association for Computing
Machinery, New York, NY, USA, 1017-1031. https://doi.org/10.1145/3322276.3322338

Laia Turmo Vidal, Elena Marquez Segura, Luis Parrilla Bel, and Annika Waern. 2020. Training Technology Probes Across Fitness Practices: Yoga,
Circus and Weightlifting. In Extended Abstracts of the 2020 CHI Conference on Human Factors in Computing Systems (CHI EA °20). Association for
Computing Machinery, New York, NY, USA, 1-8. https://doi.org/10.1145/3334480.3382862

Laia Turmo Vidal, Elena Marquez Segura, and Annika Waern. 2018. Sensory bodystorming for collocated physical training design. In Proceedings of
the 10th Nordic Conference on Human-Computer Interaction (NordiCHI ’18). Association for Computing Machinery, New York, NY, USA, 247-259.
https://doi.org/10.1145/3240167.3240224

Laia Turmo Vidal, Hui Zhu, and Abraham Riego-Delgado. 2020. BodyLights: Open-Ended Augmented Feedback to Support Training Towards
a Correct Exercise Execution. In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems. Association for Computing
Machinery, New York, NY, USA, 1-14. https://doi.org/10.1145/3313831.3376268

Robby van Delden. 2011. Design of therapeutic TagTile games for children with unilateral spastic cerebral paresis. Master’s thesis. Univeristy of
Twente, Enschede, the Netherlands. http://essay.utwente.nl/61135/

Robby van Delden, Pauline Aarts, and Betsy van Dijk. 2012. Design of Tangible Games for Children Undergoing Occupational and Physical Therapy.
In Entertainment Computing - ICEC 2012 (Lecture Notes in Computer Science), Marc Herrlich, Rainer Malaka, and Maic Masuch (Eds.). Springer,
Berlin, Heidelberg, 221-234. https://doi.org/10.1007/978-3-642-33542-6_19

Annika Waern and Jon Back. 2017. Activity As the Ultimate Particular of Interaction Design. In Proceedings of the 2017 CHI Conference on Human
Factors in Computing Systems (CHI ’17). ACM, New York, NY, USA, 3390-3402. https://doi.org/10.1145/3025453.3025990

Annika Waern, Paulina Rajkowska, Karin B. Johansson, Jon Bac, Jocelyn Spence, and Anders Sundnes Lovlie. 2020. Sensitizing Scenarios: Sensitizing
Designer Teams to Theory. In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems. Association for Computing Machinery,
New York, NY, USA, 1-13. https://doi.org/10.1145/3313831.3376620

25


https://doi.org/10.1145/3341215.3356282
https://doi.org/10.1145/3347122.3347132
https://doi.org/10.1007/s00779-003-0238-7
https://doi.org/10.1145/1254960.1254962
https://doi.org/10.1145/1254960.1254962
https://doi.org/10.1145/1979742.1979640
https://doi.org/10.1145/1865245.1865256
https://doi.org/10.1145/1865245.1865256
https://doi.org/10.1145/765891.766123
https://doi.org/10.26503/todigra.v1i2.10
https://doi.org/10.1145/3313831.3376430
https://doi.org/10.1145/2702123.2702374
https://doi.org/10.1145/2702123.2702374
https://doi.org/10.14236/ewic/hci2014.15
https://doi.org/10.14236/ewic/hci2014.15
https://doi.org/10.1145/3322276.3322327
https://doi.org/10.1145/3322276.3322338
https://doi.org/10.1145/3334480.3382862
https://doi.org/10.1145/3240167.3240224
https://doi.org/10.1145/3313831.3376268
http://essay.utwente.nl/61135/
https://doi.org/10.1007/978-3-642-33542-6_19
https://doi.org/10.1145/3025453.3025990
https://doi.org/10.1145/3313831.3376620

1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351

1352

DIS’23, July 10-14, 2023, Pittsburgh, USA Anon.

[61] Annika Waern, Alessandra Semeraro, Nikolay Georgiev, Ruochen Wang, Andreas Bergqvist, Jon Back, Shuang Feng, Karan Manjunath, and Laia
Turmo Vidal. 2021. Moving Embodied Design Education Online.: Experiences from a Course in Embodied Interaction during the COVID-19
Pandemic. In Extended Abstracts of the 2021 CHI Conference on Human Factors in Computing Systems (CHI EA °21). Association for Computing
Machinery, New York, NY, USA, 1-5. https://doi.org/10.1145/3411763.3451787

[62] Joris Weijdom. 2022. Performative prototyping in collaborative mixed reality environments: an embodied design method for ideation and development
in virtual reality.. In Sixteenth International Conference on Tangible, Embedded, and Embodied Interaction (TEI *22). Association for Computing
Machinery, New York, NY, USA, 1-13. https://doi.org/10.1145/3490149.3501316

[63] Danielle Wilde, Anna Vallgarda, and Oscar Tomico. 2017. Embodied Design Ideation Methods: Analysing the Power of Estrangement. In Proceedings
of the 2017 CHI Conference on Human Factors in Computing Systems (CHI ’17). Association for Computing Machinery, New York, NY, USA, 5158-5170.
https://doi.org/10.1145/3025453.3025873

[64] Zhuoming Zhou, Elena Marquez Segura, Jared Duval, Michael John, and Katherine Isbister. 2019. Astaire: A Collaborative Mixed Reality Dance
Game for Collocated Players. In Proceedings of the Annual Symposium on Computer-Human Interaction in Play (CHI PLAY ’19). Association for
Computing Machinery, New York, NY, USA, 5-18. https://doi.org/10.1145/3311350.3347152

26


https://doi.org/10.1145/3411763.3451787
https://doi.org/10.1145/3490149.3501316
https://doi.org/10.1145/3025453.3025873
https://doi.org/10.1145/3311350.3347152

	Abstract
	1 Introduction
	2 Background
	2.1 Related work

	3 Methodology
	3.1 Characterization
	3.2 Categorization

	4 Categories
	4.1 Design Resources
	4.2 Activities
	4.3 Delivery
	4.4 Framing
	4.5 Context

	5 Design Resources
	5.1 Movement
	5.2 Space
	5.3 Objects

	6 Discussion
	6.1 Action Points
	6.2 General Reflections, Limitations and Future Work

	7 Conclusion
	References

