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Conference theme

Prototype and prototyping play a key role in experiential knowledge since they
support the interconnections and collaboration among researchers and practitioners
in many design fields. The role of prototypes in design research is characterised
mainly by the general function of representing ideas and giving intelligible form to
undetermined and abstract concepts pertaining to design solutions. Such a princi

of transition from vagueness to clarity illustrates views on the role of prototypes
which dot the diverse landscape of design research. Indeed, the evolution of design
research in the past twenty years has led the path to a wide range of new possible
prototypes applications.

Originally, in the industrial context, prototypes were made to test, evaluate, and
improve the product until the final design and production phase. When design
became an academic discipline, the scope of its enquiry expanded, embracing new
areas of interest (i.e., sustainable design, materials design, participatory design,
service design, user experience design, etc.), and their methodologies and scopes.
During this evolution, the role that prototypes play in design research started to be
questioned.

Indeed, nowadays, the role of the prototype encompasses several possibilities that
link to the context and aim of the design research. When a general aim of the
investigation is to develop a new design solution and make it real and available to
users at the end of the process, prototypes support the transition from the idea to
the final product. In this realm, prototypes play a crucial role, as they visualise,
validate, experiment, and create such new solutions. Interestingly, prototypes for this
kind of design research can be simple paper models that anticipate interactions up
to complete working prototypes that are very close to the final product. In the digital
field, provisional solutions are released on the market and updated afterwards.
Prototypes, in this case, merge with the final products. New boundaries are broken
between a final design and what is not.

Furthermore, the products that designers call to envision are becoming more and
more complex. They are equipped with sensors, processors, and connected devices
that support the interaction with digital interfaces, applications, and complex
services. Hence, prototypes are meant to support design processes that rely on the
supplementation of new kinds of expertise — such as user experience design,
interaction design, material design and computer science — besides those
traditionally integrated — such as product design, mechanical and electronic
engineering). In this regard, the prototype embodies the translation of different
design languages into a developing concept. Moreover, design research that
explores and discusses possibilities might go beyond the development of concrete



solutions and tackle significant issues (i.e., the impact of technology on society;
climate change, social innovation) to reach new understating and develop new
knowledge. This kind of design research usually occurs in academia and requires
exploratory and speculative studies. Some of this design research is about tangible
objects or is based on material experimentations. Typically, prototypes play an
important role in the first explorative phases, in this realm since they enable the
transition from abstract to concrete through immediate and factual experience.
Designers research by envisioning solutions, imagining possible futures, exploring
new fields, and feeding the design discourse with emerging contemporary issues and
fictional scenarios.

Overall, the multifaceted landscape of today’s design research opens to a wide range
of meanings that define what a prototype is and does. The discussion on prototypes’
identity is open. Instead of seeking to find an ultimate definition of prototype and its
role in today’s design research, the conference aims at eliciting a conversation
around the current and multiform panorama of experimentations around and with
prototypes.

The call for paper encourages contributions with the following:

. What are the new roles of prototypes in these evolutionary pathways in

design research?
. How do new sophisticated, integrated, and advanced prototypes support

research in various areas of design?
. How do different research contexts (practice, R&D, and academia)

collaborate in design research due to the making and use of prototypes?
. How do prototypes enable the creation of theoretical knowledge and support

speculative research?
. How do prototypes enable the creation of practical knowledge and support

empirical research?

. How do prototypes enable the exploration of new research fields?
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Keynotes

Prototypes: Footholds to the future and footsteps from t
future?

Pieter Jan Stappers — TU Delft, Netherlands

Prototyping is a core activity of design, and a large part of the contribution that design
actions can make to the quest for new knowledge. In that quest it provides tangible points
where the abstract (theory) meets the concrete (‘real’ world) on which we can base future
steps: footholds. On the other sides prototypes may realize concrete experiences with as yet
inexistent situations: they allow us to observe and collect data from a phenomenon that
before the prototype was only speculation: footsteps.

As a part of industrial production, the term prototype has been around for about a century,
in design research it has become prominent in the discourse for a few decades. And the
term has functions in other disciplines too, as in psychology and philosophy.

There are several areas worth addressing:

o We should take care of both the noun prototype and the verb prototyping. They are
not the same, even though in academic shorthand they are used interchangeably in
sentences.

e How does prototyping relate to the core competencies of doing design: what is
‘design’ about them?

o Engineering, psychology, and industrial practice use the term differently? Can those
differences inspire us to better understand what we are doing ourselves?

e How do we prototype the larger intangible outcomes of design, when design is
addressing services, and global issues as sustainability, and the ‘artefact in the
museum’ tells less about either the knowledge that it carries or the impact it may
foretell.



Prototyping In Practice: for Research and Beyond .

Kathryn Marinaro — Argodesign, Creative Director

Prototypes are useful beyond usability testing; they're a strategic tool to drive alignment, to
communicate value and vision, and to get digital products built correctly in a more efficient
manner. They help teams move quickly by making instead of swirling in ideas. Through her
work at IBM and currently as a Creative Director at the digital product design agency,
argodesign, Kathryn Marinaro has found that the best practical uses for prototypes are for
qualitative and strategic purposes.

In this keynote, Kathryn will share her experience creating and utilizing prototypes to
generate ideas with subject matter experts, to understand resonance and value with end-
users, to explore new interaction models for emerging technology, and to communicate
visions to stakeholders who control the direction of a product. She’ll share examples of
prototypes used throughout the process of the programs she leads and their outcomes and
impact. Prototypes aren't just for testing, they're for delivering value.

Kathryn Marinaro is an award-winning Creative Director who envisions the future and develops
products and strategies for a wide variety of clients at argodesign. She is the author of
Prototyping for Designers, published by O'Reilly, and has employed user-centered
methodologies to create and iterate on impactful experiences in health wearables, Al interaction
patterns, Al image recognition and training interfaces, and cloud development tools, while
working on world-class design teams like IBM Watson Visioneering and IBM Mobile Innovation
Lab. She has gained recognition as one of Austin’s Top 50 Female UX Designers and as part of
the Advisory Board for the inaugural Austin Design Week. She's been featured in articles in Fast
Company, Time Out New York, Architect Magazine, Artinfo, Make Magazine, and the Visual Arts
Journal.



Advanced materials promoting sustainable practices "

Aldo Sollazzo — Noumena, Founder and CEO

In this keynote address, Aldo Sollazzo, CEO of Pure.Tech, will delve into the crucial role of
advanced materials in combating climate change and their potential to revolutionize various
industries. The lecture will explore how Pure.Tech's innovative materials offer a novel concept
of ecology, enabling sustainable solutions across sectors such as construction, fashion,
packaging, and more. Sollazzo will discuss the urgent need to address climate change and
highlight the impact of greenhouse gas emissions on our environment. He will showcase how
advanced materials developed by Pure.Tech can effectively mitigate these challenges by
reducing carbon footprints, improving air quality, and promoting sustainable practices.
Notably, Sollazzo will highlight that implementation of the Pure.Tech in several projects world
wide. These include the Spanish Pavilion ‘Intelligent Forest' at Dubai Expo 2020, the world's
first 3D printed retail store for sneakers by ‘Presented by’ in Dubai and Riyadh, BAFTA theater
in London, and as well Pure.Ceiling a module false ceiling system for the interiors of
commercial offices and retails spaces. Currently, Pure.Tech is also collaborating with several
fashion brands across the world, actively developing various applications for the textile and
fashion industry to promote sustainability and reduce environmental impact.

Aldo Sollazzo is an Italian entrepreneur and innovator, expert in robotics, computer vision, and
computational design. He is the CEO of Noumena since 2011, a data-driven company
implementing computer vision and machine learning to study and analyze spatial dynamics. As
part of the Noumena Group, he is also the director of Reshape, a platform focused on the
industrial application of material-driven sustainable technologies, and of LAMAQUINA, a large-
scale 3D printing factory, shaping new architectural solutions integrating advanced
manufacturing and computation. At the Institute for Advanced Architecture of Catalunya in
Barcelona, he is the Director of the Master in Robotics and Advanced Construction. In 2019 Aldo
received, from the Italian President of the Republic, the title of Knight of the Order of the Star of
Italy for the promotion of national prestige abroad as a recognition of his scientific and
technological activities. Aldo has made many appearances as a guest speaker at Conferences
and University Seminars, amongst them European Conference on Computer Vision, Barcelona
Urban Tech, Future City Summit, The Venice Biennale and TEDx Barcelona.
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Data Drawing and Data Tinkering

Ayse Ozge Aggca, University of Southern Denmark
Jacob Buur, University of Southern Denmark

Abstract

Data visualizations and data physicalizations have become popular methods of making big data
accessible to non-specialists and uncovering hidden rationales. This pictorial suggests how the acts of
data drawing and data tinkering can engage young people in understanding their own data. We asked
graduate design students to track their water consumption and waste recycling through drawing and
prototyping. We analysed 32 data drawings and 30 data tinkerings using Gestalt Principles and the
Theory of Affordance. Through our analysis, we generate a set of ‘data-gestalt’ nouns and ‘data-
affordance’ adjectives, which help explain how our collaborators are able to ‘engage’ experientially with
data; how abstract data is given intelligible form. By listening to how they talk, we realise that these
concrete ways of engaging provide ownership of ‘data work’ and enhance awareness of (un)sustainable
consumption behaviours. We argue that data drawing and data tinkering may have a potential to influence
consumption habits.

Consumption behaviour; Data Engagement; Hand-drawing; Prototyping; Affordance

Recently, promising suggestions have been published in the interaction design community for
engaging a broader audience relating to digital data. The Dear Data project (Lupi and Posavec
2016) showed highly unconventional but very human visualisations of self-tracking data. Two
graphic designers communicated hand-drawn notations via postcards between London and New
York. They counted, for instance, how many doors they passed in a week, how many complaints
they heard, and how often they laughed — in compelling visual diagrams.

Figure 1. Examples of a data drawing (left) and a data tinkering (right) of weekly water consumption

Within business anthropology, Anderson et al. (2009) have shown how people’s digital data
may be visualised in a way where people themselves can reflect on their practices and
explain what the data mean. Human rights advocates and activists have argued for the
importance of data visualization techniques to influence and convince people about action
plans (Pandey et al. 2014), and researchers have tried to prove an effect of interactive data
products (Laschke et al. 2011). Data physicalization was proposed as a way of shifting data
visualisation into 3D space (Dragicevic et al. 2019), with a richness of examples from
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ancient times to the present-day digitally fabricated contraptions. Such physicalizations lend
themselves to engaging ‘ordinary people’ in taking ownership and making sense of their

own data (Buur et al. 2018, Buur et al. 2021). Based in Object Theatre, Karyda et al. (2020)
have pushed even further in devising ‘Data Objects’ that prototype digital self-tracking data.

This paper describes an experimental investigation to develop ‘data drawing’ and ‘data
tinkering’ methods (Figure 1) to support people in experiencing their own data about
consumption. We hope to challenge our collaborators to reflect on their own practices and
ultimately provide incentives towards more sustainable habits. We encouraged 40 graduate
design students to visualize their own water consumption and waste recycling. After
comparing and discussing their notations, we challenged the cohort to tinker data
physicalizations with tangible materials. In the following, we analyse the results to
understand better what it means to ‘draw’ and to ‘tinker’ data and what experiential
knowledge it elicits. By drawing on Gestalt Principles and the Theory of Affordance in the
analysis, we boldly suggest that such terms as ‘data-gestalt’ and ‘data-affordance’ may help
us prototype ‘engaging’ data.

Methods we used

To investigate how young people may engage with data about their own consumption, we
challenged our two studios of each 20 designers to record their individual use of water and
their recycling of waste for a one-week period. We are particularly interested in how young
people engage with data, because we want to understand their opinions about behaviour
change for further studies. GSDR 2019 (The Global Sustainable Development Report)
shows that young people are key agents of sustainable behavioural change. As we can see
from the “Friday for Future” movement (2018) and the SDG’s (Sustainable Development
Goals) "Bringing Data to Life” stories (2022), young people are eager to look for solutions to
current and future environmental problems.

We asked the designers to visualize the data using hand-drawn techniques with inspiration
from the Dear Data project (Lupi and Posavec 2016). The two studios produced a total of
32 data drawings, which we co-analysed with the participants at the whiteboard using
Dimensional Analysis (Kools et al. 1996) and Affinity Diagramming (Kawakita 1982).

As dimensions, we provokingly asked, for instance, “Who uses most water? Which drawing
has most detail? Which drawing explains most clearly? Which drawing is most abstract?
Which drawing is most beautiful? ...” The dimensional analyses enabled the participants to
compare each other's approaches to data drawing. While some drawings took longer to
understand, others were easier as they built on well-known visual cues. We recorded the
analysis sessions on video to understand how participants talked about their consumption
data and how they related to their data drawings (Figure 2, left). Following the co-analysis,
we got curious about how to conceptualize the clustering. Here, we took inspiration from
Gestalt Principles (Ellis 1999, Koffka 1963). We realised that one may recognise data
patterns not just conventionally in tables and graphs but also in tallies, circles, units,
symbols, and concepts.

As a second step in the session, we set up a table with prototyping material, like foam,
string, plastic cups, pearls, marbles, and all kinds of bric-a-brac. We provided the
participants with a standard set of consumption data from one family (Table 1) and
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challenged them to build physical objects expressing the data in a 1-hour session. The two
studios produced a total of 30 data tinkerings. After they each explained their data tinkering,
we engaged the participants in co-analysis and recorded how they talked about their
prototypes, Figure 2 (right).

Table 1. Data set of one family’s water consumption for a week used for data tinkering.

Activity in liters Monday | Tuesday | Wednesday | Thursday | Friday | Saturday | Sunday
Shower / Dishwashing 135 100 140 125 90 55 200
Drinking 1 4 2 1.5 1 0.7 1
Flushing 12 24 15 12 30 35 32

When following up on the co-analysis, we realised that the Theory of Affordance (Gibson
1979, Norman 2013) can help. We were curious to see which ‘data-affordances’ might
emerge: What did participants expect one might do with their data physicalizations? What
acts might they afford? We grouped the constructs according to what materials and shapes
mean and invite us to do, as expressed by the designers themselves in their narratives and
body actions while presenting.

In the following chapter, we will recap the theories of gestalt and affordances and show the
resulting clusterings of data-gestalt and data-affordances. Then we will investigate how the
comparisons of data drawings and data tinkerings elicited conversations among the
participants about their own consumption, and how they might change habits. In a final
chapter we will discuss how the concepts of data-gestalt and data-affordance may inspire
design.

Drawing data-gestalt

Information visualisation is a core technique for visual representation of abstract data to aid
cognition for participants of different disciplines (Ellis 1999, Evergreen and Metzner 2013).
Ware suggests that data visualisation supports external cognition and humans’ visual ability
to identify patterns, as expressed in the common saying: “I see what you mean!” (Ellis
1999). Koffka’'s Gestalt Principles help us understand the relation between the meaning of
data and seeing the data. The principles were established by a group of German
psychologists. The word ‘Gestalt’ simply means patterns and Koffka discusses quantity,
order and meaning (Koffka 1963, Norman 2013). Wertheimer talks about Pragnanz (Group
making) as a main principle to predict the interpretation of sensation (Ellis 1999). He
explains that the principles easily translate into a set of basic design principles such as
proximity, similarity, connectedness, continuity, relative size, and common fate (Ellis 1999).

Figure 2. The co-analysis of data drawings (left) and data tinkerings (right)



While these principles can be valid on their own, they are used in intricate combinations to
create a semantic whole.

Gestalt Theory is expressed in ‘laws’: The Law of Proximity says that things that are close
together are perceptually grouped. They form patterns, and the individual patterns can also
determine how they are grouped in the Law of Similarity. The Law of Connectedness tells
how graphical grouping is substantiated by lines and proximity, shape, colour, and relative
size. The Law of Common Fate states that objects working or moving in the same direction
appear to belong together. The Law of Relative Size explains how two or more objects can
have meaningful size relations from the human retina perspective (Ellis 1999, Koffka 1963,
Ware 2012). Gestalt Theory may help us understand how the participants express and
perceive abstract data in their drawings. Gestalt psychologists state that the semantic value
of something is as easy to perceive as its colour. However, perception is not only based on
sensibility. It needs to be equipped with meaning. When we define such meanings with
principles, we begin to form certain patterns. These patterns trigger our cognitive
visualisation process. Djajadiningrat et al. (2002) discuss how the semantic approach can
inform interaction design. Cognition, knowledge, and past experiences influence how
tangible objects communicate through symbols and signs. In this way, people may see data
and create meaning in interaction design.

According to Dragicevic et al. (2019) there are three main motivations for creating
visualisations: to discover, to present and to enjoy. In the Dear Data project, we can see all
three motivations play into the hand drawings to increase engagement with mundane, daily
data (Lupi and Posavec 2016). When trying to make sense of such mundane experiences,
people express experiential knowledge in narrative form (Storkerson 2009). To understand
how the act of drawing data motivates participants to scrutinize their water consumption
and recycling behaviours, we look for repetitive patterns in their visualizations with the help
of Gestalt Principles.

What participants draw as ‘data-gestalt’

We identify seven ‘data-gestalt’ patterns that we express in nouns on the next page (Figure
3). Our point is that people, when challenged with drawing data, perceive a variety of
patterns. Through the analysis, we realized that the data-gestalt patterns also tend to
support specific actions like counting, tabulating, coding, as noted in the hand-written notes.
The group we named ‘Concepts’ combines drawings that are more abstract or complex. In
the beginning, it was not easy to relate these drawings to each other based on Gestalt
principles, and we only had a few samples in this group. But they seem to represent some
particularly creative instances. We decided to name these according to the characteristics
they embody - what they do: sparkling, glowing, dripping.

The colour coding of the affinity groups pre-empts a point we will make later when
analysing the data tinkerings in the second stage.

18
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Thinkering data-affordances

Scientists have discussed non-human agency to understand how people use material
objects and, more broadly, the role of materiality in our daily life (Dant 2005). Dant suggests
that objects with agencies have the capacity to do something or act like something. He
explains the boundaries between daily things and us with practical arrangements through
the activities of our bodies.

Gibson (1979) introduces affordances to mean the properties or opportunities of the things
people perceive in the environment. They provide "act-able” features that encourage people
to act. In his theory, all affordances are relative and special to their perceivers. Objects
afford different actions. To turn Gibson’s (1979) theory applicable to human-computer
interaction, Norman (2013) defines affordances as “the possible interaction between people
and the environment”. He claims that affordances are not always perceivable; they can be
open to interpretation and look ambiguous. As he wants to include designed cues (like
icons), Norman (2013) suggests the term signifiers. Signifiers can be anything to warn the
observer (not) to do something. They can be visible or invisible such as visual signs,
sensible objects, or sounds to inform us about the object. When people interact with the
object’s signifiers, they start to form conceptual models in their minds. Djajadiningrat et al.
(2002) see the affordance theory “as an invitation to the user for right action”. They criticise
Norman’s widening of Gibson’s concept of affordances and argue for a direct approach in
which action helps to create meaning in interaction: “(...) A physical object has the richness
of the material world: next to its visual appearance it has weight, material, texture, sound
etc. Moreover, all these characteristics are naturally linked, {(...).”

To design tangible interaction with the abstract concept of data, there are several kinds of
data physicalization methods. Jansen et al. (2015) see data physicalization as a
visualisation technique, but beyond that, it enriches data communication and the effects in
the presentation of data. With the help of Gibson’s Affordance concept, we can better
understand how data physicalizations are able not just to communicate data but also to
engage people with data.

What participants tinker as ‘data-affordance’

We suggest 10 ‘data-affordance’ adjectives (squeez-able, rotate-able, flex-able etc.) and posit

that adjectives in act-able form can help us indicate the potential affordances. We also use
colour coding for the group making like in the data-gestalt analysis. Our analysis overleaf
shows how ‘data-affordances’ may be formulated as count-able, rotate-able, hang-able etc.,
Figure 4.
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Figure 4. Ten "Data-Affordances” emerge from the clustering of 30 data tinkering prototypes
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Drawing and tinkering consumption habits

Can we trace the effects that data drawing and data tinkering have on how participants view
their consumption habits? We analysed the transcripts of what the designers talk about,
when presenting and comparing their visualisations. While comparing their data drawings
on water consumption, the participants eagerly discuss how they got their numbers:

P1: “How did you measure?”

P2: “I looked at the water metre”

P3: “How can we calculate all of the showers?”

P1: “l don’t know how much water | use when | wash my hands so | don’t think we
can calculate...”

Quite clearly, it is a challenge to measure accurately how much water one is consuming.
One young designer is surprised to compare her shower figures with others’:

P4: “I used 300 Itr per shower. The shower runs 20 minutes, and | never stopped the
water before. This week | just kept it that way, so the data is real. And from now on, |
mean today is Monday, | will stop the water when I’'m shampooing myself. That is
less water | guess.”

These are first indications that data drawing raises awareness of how much you consume
and may even lead to behaviour shifts. The discussion of waste recycling similarly shows
reflections on what sustainable behaviour requires:

P5: ‘It is also important how much space they have in their homes... If you don’t
have space for individual trash cans...”

P6: “...”

P5: “...I mean plastics and bottles, yes, and paper...”

P6: “There are actually (recycling stations) in my neighbourhood. Most of them.”

Also here, there are indications that data drawing brings forth ideas of more sustainable
behaviours:

P6: “l went to a ‘zero waste wedding’ so eventually no waste is useless.”

Even in this short experiment, the designers quite clearly take ownership of their
consumption data through the drawing, and there are indications that understanding the
data may lead to changes in consumption habits and suggestions for behaviour changes.

When it comes to ‘building’ consumption expressions through data tinkering, the search for
design solutions of how to express the data seems to go hand in hand with a scrutiny of
what the data mean. The concept of ‘how much’ is central in how the participants select
materials. When showing a long piece of plastics in his prototype, one designer says:

P7: “You can’t really understand how much you used water until you measured
it...so it basically looks like big”

P8: “And | have the spongy thing for dishwashing and cleaning with water. They will
be small pieces. Biggest one for the weekend.”

P9: “...green beads they are 5 litres, white ones are 1 litre basically you can count
the red ones are 100 litre...”
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One designer finds a creative solution: In her prototype, each
weekday is a cup with a number of beans representing data. As the
cups are connected, she can flex the construct to collect all the daily
consumption into one cup (Figure 5):

P10: “...maybe you know how much water you consume in a
day but in this way, you can see an overview of the week.”

From listening to the conversations, metaphors play an important role
in expressing data:

P11: “the pipe was coming from the idea of a drain system.”

P12: “Monday is the chair you need to sit, Tuesday is the
gamble (dice) if you have to survive to the week, Friday is a

. Figure 5. One designer (P10) is
beer cup... Saturday is a block because you are blocked...” J gner (P10)

flexing her prototype.
P13: “Friday has cotton because | am much more productive on that day.”

P13: “The shiny ones are for dishwashing because they were cleaned and shine...”
Some designers take care to express sustainable values in their prototyping:

P14: “‘when you flush you will crush... flowers mean you are very clean in these
days...and | put this pig here because you use 35 litre here.”

As for the data drawing, tinkering brings an added focus on the data not just visually but
also in the acts that the constructs afford.

‘Data-gestalt’ and ‘data-affordance’ as design inspiration

What is the value of the terms we propose? Our goal is to understand better how abstract
data may be given intelligible form — visual or physical — to make them easier to
understand, engage with and act upon. For designers tasked with turning data intelligible,
inspiration from theoretical perspectives is likely to provide support. We have analysed how
the data drawings may have inspired data tinkering - how ‘data-gestalt’ informs ‘data-
affordance’. We consider the narratives and body language of the participants while
showcasing their data tinkerings in video recordings. In many cases, we can see how the
same designer brings inspiration from their data drawing across to the data tinkering. In
other cases, the designers take inspiration from each other’s works. In the following, we
have selected the five most clear examples from our analysis.

Do ‘Tallies’ gestalt inspire ‘Count-able’ affordance?

One designer, whose data drawing we characterised in the ‘Tallies’ group, used ear
cleaners to represent data in his data tinkering. He uses a similar grouping pattern and
repeats the figure-ground relationships with invisible lines of days (Figure 6). We
recognised this as a ‘count-able’ affordance:

“I tried to play with the materiality like the cardboards are the days | spent at home.
(-..) The cotton buds show the overall water consumption for the days.”
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Brunswick (1952) expanded Gestalt theory beyond perception. He formulates a functional
view of how organisms (not just humans) interact with the environment, how they represent
the world, and they affect it. Storkerson (2009) explains Brunswick's term Perceptual
Constancy: ‘the organism uses multiple cues vicariously to deliver the perception of a
constant object in different locations or at different angles.” May we perceive the ear
cleaner buds as similar to the drawn tallies as they both offer the affordance of counting?
Gibson (1979) also based his Affordance theory on Gestalt theory, as each thing has a way
of showing what acts it invites.

DATA TINKERINGS
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Figure 6. A ‘Tallies’ data drawing inspires a ‘Count-able’ data tinkering

‘Circles’ and ‘Rotate-able’ constructs:

In the ‘Circle’ group, one designer transfers her circle concept from the drawing into using
different circular objects with some proximities and relativities that represent the data. This
means she can now rotate the bottle caps and paper plates to provide different views of the
data ‘on’ them, Figure 7.

“The shiny ones are for showers and dishwashing; inside the small caps have the
daily amounts with small straws. The house and the colours on the house show the
area we use. You can spin like this [turns the plate to show more].”

Where the graphic circle gestalt communicates a particular view of data, the rotatable
tinkered objects allow manipulation, seeing data from several sides.

DATA DRAWINGS
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Figure 7. A ‘Circle’ data drawing inspires a 'Rotate-able’ data tinkering
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‘Graphs’ gestalt and ‘Trace-able’ affordance:

The waves of the ‘Graph’ data drawing show similarities with the fluctuations in strings in
the prototyping in Figure 8. The strings make it possible to trace the data with a finger; it is
‘Trace-able’, and the days are shown in similar ways with sharp lines in both data drawing
and data tinkering.

“This is flushing [traces the blue string], this is showers [yellow string], and you can
see how fluctualizing and drinking [grey string] is always the same.”

DATA DRAWINGS DATA TINKERINGS
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Figure 8. A ‘Graph’ data drawing inspires a trace-able data tinkering

‘Sparkle’ gestalt and ‘Squeez-able’ configurations

Some links between drawings and tangibles are more subtle. The ‘data-gestalt’ patterns
that we have termed ‘concepts’ seemed to inspire exotic tangibles. While made by different
designers, the colour and material choices by the Law of Similarity support the links
between the ‘Sparkle’ data drawing and the ‘Squeezable’ tinkering, Figure 9.

“This is flush (He crushes the plastic cup that is turned upside down and surrounded
by a ring roughly). The brown-colored ones show final amount of we use for toilet.
And the weekend looks more brown because you know...(Laughs)”

DATA DRAWINGS DATA TINKERINGS

SPARKLE
SQUEEZ-ABLE

Figure 9. A ‘Sparkling’ data drawing inspired a ‘Squeez-able’ data tinkering
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Did ‘Growth’ gestalt inspire a ‘Fly-able’ affordance?

In Figure 10 the designer plays with the same shapes and patterns as in her drawing we
called ‘Growth’. In the tree drawing, the branches grow with the amount of waste, in the
tinkering, the balloons grow with higher data numbers. Both have the centre of gravity and
the same direction of growing from the inside out.

“I couldn’t do it, but when | waste more water the balloon would be bigger and bigger
by the pipes, and this is going up like this... just imagine it.”

DATA DRAWINGS

Figure 10. The comparison of growing data drawing and of a fly-able data tinkering

As Brunswick’s theory (1952) explains, gestalt is not a simple perception of elements but an
intricate negotiation of many different cues between object and environment. We cannot
with absolute certainty point out how data drawings inspired data tinkerings, but there are
likely connections. In the five examples above, the data drawings and tinkerings belong to
the same participants. But we also noticed how participants working side by side were
affected by each other’s designs. They determined their materials by reaching over,
passing or sharing materials during physicalization. Even so, we find sufficient
resemblances to suggest that our data-gestalt and data-affordance terms may have value
not just in recognising attributes but also in inspiring future designs of data prototypes. We
have indicated links between data gestalt and data affordances by using to similar colour
codes in Figure 3 and Figure 4.

Discussion

Creating data visualizations and data physicalizations is no easy task. What allowed us to
develop the concepts of ‘data gestalt’ and ‘data affordance’ was in part the large diversity
we got with asking 40 design students to try their hands on the same task and data set. In a
subsequent year, with 20 students, we got less variety. In a field as new as this, where
standards and exemplars are yet to be developed, variability seems to be the key to
developing good solutions. We suggest that our concepts can help widen the design space
when introduced upfront.

How did the materials provide influence the data physicalization designs? We asked the
participants to bring materials from home to share on a large table, and we also added
boxes of tinkering materials from previous projects. On hindsight, we observed several links
between materials and prototypes:
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Multiple units (e.g. pearls, pipe cleaners, bottle caps, matches) inspire data
physicalizations that are count-able and pick-able

Round objects (e.g. paper plates, disposable cups) encourage rotate-able designs
Flexible materials (foam, rubber, plastics, paper) inspire flex-able designs
Strings and threads inspire trace-able designs.

There are most likely other ties, but this would be the topic of another study. In the future,
data affordance as a term will help select materials that increase diversity.

On the question of how data drawing and data tinkering inspire participants to consider their
own habits and potentially give rise to behaviour change, our evidence is circumstantial.
From the discussions transcribed, there are indications that the participants become aware
of the challenges of measuring, comparing, and changing water consumption and waste
habits. We believe that the attention to personal behaviours is caused by the drawing and
tinkering activities, but we cannot with certainty say that an enthusiastic discussion of
sustainable behaviours wouldn’t bring about a similar focus. We do, however, observe that
the students, develop ownership to their designs and hence perhaps make a coupling
between data, designs and behaviours.

Conclusion

We suggest that the methods of data drawing and data tinkering are powerful means of
engaging young people with self-tracking data and that they help increase awareness of
sustainable behaviours.

Data drawing proves an incentive for the participants to reflect on their own behaviours.
They trigger the participants to share experiences of consumption and recycling with their
peers by comparing and clustering of their drawings. In our attempt to understand what
inspires the participants’ drawing styles, we observe that data drawings can be clustered
into different Gestalt patterns. We suggest the term ‘data-gestalt’ to name such patterns
according to their shapes and semantics.

Data tinkering challenges the participants to express data in unconventional ways. They
look for methods of conveying numbers, sizes, and volumes, and they explore metaphors to
add meaning. Being designers, they willingly explore different materials, textures, and
aesthetics — this may be less dominant with non-designers. Most excitingly, our analysis of
the data tinkerings shows a range of affordances that we venture to call ‘data-affordances’
and express in a Gibsonian style of ‘act-able’ adjectives. Tangible expressions of
affordances seem to have great potential for engaging people in exploring data.

Very promising are the observations that many of the participants, through data drawing
and prototyping, become aware of their consumption habits and of possibilities for
behaviour changes. We observe that the raised awareness of the participants is a
consequence of prototyping the data and not simply of being stimulated by the social
experience of an enthusiastic design student group focusing on a topic as a whole.

There are similarities between how participants draw data and how they make a prototype
of data. Some participants show similar colours, shapes, or symbols between their visual
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and physical expressions. The fact that we are able to trace lines of inspiration between
certain kinds of data drawings and certain kinds of data tinkerings make us optimistic in
suggesting that our terms data-gestalt and data-affordance may serve as inspiration for
designers to engage more visually and physically with data, thus making abstract data
easier to grasp, engage with and act upon.
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Abstract

Prototyping is a complex process of navigating a chaotic design space. Especially when there are few
criteria for success, it is often difficult for a designer to know what direction to follow. We argue that
prototyping can be considered as a process of sensemaking driven by finding the right expression of a
design goal. To illustrate this, we present the case study of the aural-visualiser 1000, a functional refined
prototype that resulted from an open-ended design project. Using its process as an example, we abstract
important expressions that informed the design and prototyping of the aural-visualiser 1000, pointing to
when the conception of the project changed and how that affected our making sense of the design space.
We reflect on this design process to articulate productive pivots and tensions that led to the finished
artefact.

Prototyping; expression; sensemaking; presence; listening
Introduction

We navigate design spaces by prototyping: prototyping gives us insight into what works and what
doesn’t work for the decisions that we make during a design process. These decisions constitute
the design process, and understanding how and why these decisions work the way they do is one
way to better understand how design works. This comes relatively easily when a problem is
straightforward. In a well-specified design space, where a context is well-understood, and a design
problem has a set of given constraints in play, it is relatively straightforward to see what makes a
design successful—what works well to satisfy those constraints for that context is clear.

In practice, though, the process of design is usually murkier. Design is a process of inquiry
that often has no set criteria for success, and as such no well-defined heuristics or decision-
making structure to give designers an obvious route to follow. These qualities have been
highlighted as ways that design can engage productively with so-called wicked problems,
problems so broad that they defy simplification, and involve any number of factors that
together prevent them from becoming tractable and well-articulated (Rittel and Webber 1974;
Buchanan 1992). In these situations, design spaces and directions are not so clear, and the
relation between the problem and prototype can sometimes become occluded. On a less
grandiose scale, many popular genres of contemporary constructive design research such as
critical (Dunne 2006; Dunne and Raby 2001), speculative (Auger 2013; Dunne and Raby
2014), and discursive design (Tharp and Tharp 2019) often lack overt design problems as
such. In practice, designers operate comfortably in spaces like these. Indeed, the process of
designing a kettle or app looks quite a lot like designing critical or speculative design projects
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(Boer and Jenkins 2021). Materially, the processes of prototyping and interpreting prototypes
are similar no matter the topic—they’re joined by design.

One reason for this similarity is in the thinking about the problem. Kolko has described
design ideation and decision-making as a form of sensemaking, where a designer uses a
combination of their personal experience and design materials to make sense of a design
space by producing ideas and prototypes that help articulate it (Kolko 2010b). We argue that
this direction is based on a designer’s sense of what a design artefact should be to satisfy
the goals of the project. While this may seem obvious—after all, Nelson and Stolterman have
described design as moving away from that-which-is and producing that-which-ought-to-be
(2012)—we believe that there is value in taking this idea seriously and using a design case to
reflect on how it works in practice, developing ways to articulate the knowledge of a design
space that prototyping produces. Building on Hallnds and Redstrom’s idea of the
expressional (Hallnds and Redstrom 2002a; 2002b) and Nelson and Stolterman’s idea of
desiderata (Nelson and Stolterman 2012) we describe how an open-ended prototyping
process is driven by what best expresses (or fails to express) a designer’s intention for a
given context and situation.

This paper presents motivations, decisions, and reflections made during designing a
particular artefact as an example of the kind of sensemaking described above. We walk
through the design process of the aural-visualiser 1000, a portable listening system that
listens to audio in the world and transforms it for later reflection. First, we describe our
theoretical background. Then we walk through our case in stages: developing a design
space, describing goals of the design process, and discussing how those goals were
manifested through prototyping. Finally, we close with reflections on how expression and
working with tensions helped us make sense of our design practice.

Figure 1: The completed aural-visualiser 1000
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Background

How designers navigate a design space has been described as a kind of sensemaking
where the design problem and its definition changes over time as designers engage with it
(Eklund, Aguiar, and Amacker 2022; Kolko 2010a; 2010b). This sensemaking builds upon a
combination of designers’ experiences, goals, research, and any number of other factors. As
a practice, though, “sensemaking” is active and subjective, “a process that is personal and
contingent on experience, that substantiates learning, that takes place continually and
forever, and is fundamentally based on each participant’s perspective or point of view” (Kolko
2010b). Here Kolko describes sensemaking as a kind of perpetual reframing that helps a
designer gain knowledge about a design problem to understand it more concretely. Russel et
al have described sensemaking as “the process of searching for representation and
encoding data in that representation to answer task-specific questions” (Russell et al. 1993),
and later as “the process of creating a representation of a collection of information that allows
the analyst to perceive structure, form and content within a given collection” (Russell et al.
2009). To Kolko, this is a form of modelling a problem, a way to interpret information that can
become input to a design process where design ideation can occur and be evaluated (Kolko
2010b). In prototyping, these design syntheses are constructed so the designer can establish
whether a manifestation “works” to support the design idea.

Expressions in interaction design

When Hallnas and Redstrom wrote that “functions reside in the expressions of things” they
meant to turn the Bauhaus idea of “form following function” on its head. Rather than the form
of an object being derived from its functionality, they assert that in interaction design, one
can propose new functionality by searching for expressions of them (Hallnas and Redstrém
2002b). Expressions offer a perspective on what a design is saying, what is being projected,
and possibly what a design could mean in a particular context or setting. Landin describes
expressions of interaction as “expressions of how people might relate to the interaction with
the design, in certain contexts” (Landin 2009). As a way to understand possible use,
expressions are reminiscent of affordances (Gibson 1977; Norman 2013). However, these
are not the use-qualities of already-existing objects, as affordances are. Rather, they refer to
how the qualities of a design can be expressed. What to express, naturally, is highly situated
and contingent in design. As an “ultimate particular,” a prototype is based on a context and
setting that is not generalizable (Nelson and Stolterman 2012). While this may pose a
problem to producing broad design theory, the selection of these expressions and the
decisions that are made to achieve them as aesthetic goals in a particular case can act as
examples of how design works more broadly.

Expressions as a target of sensemaking via desire

It is in this mode that Lim et al's idea of filtering and manifestation (Lim, Stolterman, and
Tenenberg 2008) can help to make sense of sensemaking as the key activity of design.
Prototypes serve to manifest aspects of a design space for evaluation, operating as a filter
for the designer to evaluate their success, reflecting on their activities there (ibid). But how
does a designer identify what works? The criteria for evaluating a prototype—what a
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designer learns through this process of sensemaking with a prototype—links back to Nelson
and Stolterman’s idea of desiderata: the designer reflects on whether the prototype is
successful in conveying their vision, here through its expression. Especially with open-ended
briefs, the prototype is a way to project intention into the world, to probe the possibilities of a
design space and see what emerges and whether it fits a particular vision. Kannabiran and
Badker have called prototypes objects of desire, “invoking familiarity with past practices while
simultaneously piquing our curiosity about possibilities for shared technology mediates
futures” (Kannabiran and Badker 2020).

To illustrate how these bits fit together as part of a design prototyping process, we describe a
project that took a very open-ended brief and made a prototype reflecting significant design
intention. We use it to illustrate how the sensemaking described above occurs in practice.

Case Study: Constructing the aural-visualiser 1000

Our case study comes from a four-month design sprint based on a class project in interaction
design at the IT University of Copenhagen. Groups of four masters’ level interaction design
students together responded to the broad topic of “Energy Futures”. The goal of the course
was for students to develop a design brief that resonated with them, create prototypes to that
brief, and refine the prototypes into something reflecting their stances as designers. Given
just 14-weeks, time was short, and quickly developing constraints was necessary to define a
context that worked for the project. This case study is ordered approximately chronologically.
However, as with most design processes, this project did not develop in a linear way. It
followed any number of paths to dead ends and had to navigate less-than-clear goals and
ambiguities to develop a meaningful prototype.

Engaging with the design space and developing a brief

The project began by engaging with energy broadly, narrowing into the topic to find a
compelling design space that we could refine to an interesting design brief. Inspired by
Pierce and Paulos (Pierce and Paulos 2012; 2010), we focused on the idea that energy
could be harvested and materialized. Initially, we worked in a dystopian future, or science
fiction context, imagining humans needing to produce energy through their everyday life with
their bodies, or harvested from materials like hair, spit, and sound. The future gave us
flexibility to imagine something that might not be so plausible in the present and opened new
possibilities for designing novel interactions (Auger 2013; Candy 2010).
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Figure 2: Science fiction influences. Nausicaa: Valley of the Wind (1984); Raised by Wolves (2020); a generic VR
headset (that we understood to draw energy from its wearer); Pierce and Paulos’ Energy Mementos (2010); Akira
(1988); The Matrix (1999).

The moodboard above (Figure 2) made it clear that our interests lay in exploring how energy
could be absorbed, mediated and expressed, and not in solving a specific problem or
designing a conventional product, at least at the time. We chose not to have a specific user
or target group in mind, developing instead in a more abstract, interaction-driven way
(Maeng, Lim, and Lee 2012). After a short while, we decided to work with sound as a form of
“energy,” finding it more relatable and tangible. We became inspired by sound waves and
their various representations (Figure 3). Choosing sound led us to a range of material
inspiration to draw from, from microphones and gramophones to speakers and public
address systems.

Figure 3: A moodboard of how sound might be gathered and represented. From left, Pierce and Paulos’ Energy
memento (2010); an oscilloscope screen; a retro field recorder; a 1960s tape player; the scream tanks from Monster’s
Inc. (2002), the evolution of microphone hardware.
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Thinking with sound led us to imagine a system that captures and represents the presence of
sound as an elusive and momentary thing, while at the same time making it more durable.
This led to a design brief:

When perceiving sounds most of us rely solely on our hearing. To broaden this experience,
we seek to materialise sounds with visual representations. As with all forms of energy, sound
has an elusive nature. To work with and explore this elusiveness, the artefact should produce
mementos of the representations, allowing a user to save, compare and contemplate on
them.

This design brief became a storyboard (Figure 4):

Figure 4: Storyboard of design brief. (1) In the world, sounds are happening: a train, a bird and a violinist. (2) A figure
hears them, but unable to see the sounds themselves, they question how they might look. (3) The figure orients
themselves towards a device holding a stereotypical microphone, and (4, 5) brings the device to the sounds to capture
them. (6) The device produces small prints of the sound. (7) Elsewhere, the figure studies the prints, now hanging in a
grid each above a notation. (8) Their eyes are gleaming, having looked at sounds and their differences

Expressing listening through interaction and form

Figure 5: Early form sketches for energy capturing devices, including sound.
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What should a thing that captures sound look like? Our early concepts were inspired by all
sorts of materials, inputs, and systems, from distillation metaphors, to microphones, to
organic forms and plant life (Figure 5). For sound, we began with the idea of a gramophone
to capture local audio, producing a cardboard model that represented this first concept.

Figure 6: The first prototypes delved mainly into manifesting physical using waste cardboard, glue and tape.

The first prototype (Figure 6, a) explored cultural references to sound and a basic interaction
that required a user to make loud noises into the funnel. These would light the LED’s one by
one, after which the button would activate a piezo buzzer, “returning the sound”. We found
the gramophone to be too mundane, and the interaction as one requiring too much effort. We
were also limited in this concept to record only sounds that took place nearby. Still, the
prototype confirmed a potential to us in working with sound to develop novel interactions.

The second prototype (Figure 6, b) demonstrates the use of form as a focal point for
exploring functionality. A dummy-display let us weigh the pros and cons of including a screen
in the design object and resulted in our decision to focus on printing alone as the sole output.
To reduce size we opted for printing alone. A key moment was realizing that the funnel of the
first prototype could be detached from the body, changing the metaphor for this sound
harvester from simply hearing what was nearby to more intentional listening. Listening
became a way to frame the interaction, becoming a key measure of the expression we
sought. The early flashlight form allowed for more targeted, direct engagement with the
world. Though originally a whim, the ear expressed listening in a fundamental, playful way.

These first prototypes were essential to better understand our design space—by manifesting
ideas in the real world, we could determine what did not work, informing and defining our
vision. We learned that it wasn’t about visualizing sound in particularly compelling or
complicated ways, it was about framing attention to the surrounding environment.
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Figure 7: Designing for sensory presence beyond the visual.

Defining the form took place in parallel with obtaining new inspiration from outside the
project. Focusing on one human sense began to resonate in new ways as we drew on the
work of Finnish architect Juhanii Pallasmaa. His book The Eyes of the Skin (Pallasmaa
2012) describes how contemporary design practices such as architecture enforce a
“hegemony of the eye” meaning that the world is to be seen rather than lived in. Designing to
accommodate other senses like hearing, touch and so on creates a more complete way of
being in the world, offering richer experiences and a more meaningful sense of presence in
it. Notably here, this idea of “presence” reverses some of the original design framing: rather
than thinking of “presence” as the presence of energy, it reflects a person being present in
the world. Pallasmaa goes on to note that "vision separates us from the world whereas the
other senses unite us with it” (28, ibid). This helped us to reframe the problem as listening to
become more present in the world and confirmed our decision to abandon real-time
representation of sounds on screens. A new design space emerged (Figure 7).

Figure 8: Refining form in cardboard.



Taking listening seriously led to some changes in the design concept. A more compact form
(Figure 8, c) supported the idea of portability—so one could bring the device with you to
listen in new places—but was too small to house the necessary hardware. We introduced a
dial allowing for a way to set the length of a recording. Nesting the ear in a casing, removing
it from initial view, was to build tension between first impressions and later interaction,
making choosing to listen feel more intentional. The ear became more like a human’s. While
this was still a cardboard prototype, a mini-jack cable was added to increase the prototype’s
resolution and enhance our team’s discussions.

The final form prototype (Figure 8, d) underscored the design variables we had uncovered
through the prior manifestations. This higher fidelity enabled us to determine the interface
layout: dimensions for faceplate holes and buttons, evaluate proportions and plan for buying
materials. We added the handle to express portability, sensible for a device meant explore
sounds in different environments. Compared to prototype before it (Figure 8, c), its bigger
casing had plenty of space for the hardware being developed concurrently, so we reduced

the size again. To indicate the earcup can be detached from the case we designed a housing

that could also be a place to wrap the mini-jack cable. This form took its cues from scientific
instruments, as they mean to reveal the truth of the world. At the same time, the earcup is
intentionally playful, making the interaction slightly ironic and drawing attention to the
interaction itself—ideally supporting a user to become more present through its use.

Developing a Materialization of Experience

As described in the brief, the project was about capturing energy’s elusiveness. In the
storyboard (Figure 4), it became clear early on that the energy in question was sound:
gathered by the device, it was materialized for reflection. One of the earliest things that was
clear about this project was that the sound gathered by the device should be made physical,
producing a material token that stored what the device heard. This reflects certain formal
qualities from the body of the device, documenting what it records as a kind of scientific
instrument. Inspired by the lines in an oscilloscope’s display (Figure 3), we tested creating
our own sound representations. Experiments here included using a laser, mirror, and a
speaker to generate shapes reflected across a moving membrane (Figure 9, right), and
printing coordinates for a sound-atlas instead of the sound representations (Figure 9, left).
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Figure 9: Early sketches and tests for sound representation.

These tests produced shapes we liked, but we couldn’t make this visualization portable. To
do that, we moved to software. Prototypes generated with the Processing sound library
(Figure 10, a) confirmed to us a potential in visualizing sounds using waveforms as a
metaphor. We continued with representing sound attributes radially (Figure 10, b), mimicking
the laser experiment. However, the clutter produced from longer recordings and including
additional parameters became difficult to decipher. Embodying too much complexity became
counterproductive to encouraging exploration of one’s surroundings.
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Figure 10: Refining the sound memento

As we refined the visualizations, we found ourselves returning to simpler waveform
representations. This shift also allowed time itself to develop the form. A meander structure
(Figure 10, d) was able to convey the temporal aspect of sound well. It could be more easily
understood while also making better use of the thermal printer, creating denser
representations of time. Adding the date and duration of the recordings as well as a line for
making a note helped to codify the memento object as something that represents a specific
moment (Figure 10, f).
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The form that these objects took changed as part of our prototyping process. In general, the
visualization was meant to correspond to a sound while leaving some room for interpreting it,
instead of capturing audio and presenting it directly. As in the earlier section, the concept
evolved to help us think about what the object meant and what it does as part of the broader
system. Rather than be strictly documentarian, it became augmented in the process. The
simple receipt began to embody dynamics of synaesthesia, the coupling of senses, to
reproduce a “fuller” experience of being in the world.

Consequently, the significance of memento also shifted: instead of storing the sounds as
energy it now stores meaning, the experience of the presence of sound. As with the form of
the device changing from hearing sound to listening to it, the memento—now firmly
described as such—shifted from an expression of capturing to an expression of remembering
something meaningful. This is evidenced in how we imagined these mementos to be kept
and stored (Figure 11).

09/12/2021 14:57:23 18sec

Figure 11: Memento details and how they might be collected in a journal.

We hoped that collecting sounds could inspire a user to explore the multitude of sounds
surrounding us, charting their differences and similarities. The printer prints a seamless
record of events. They can be torn by the user as desired to collect different recordings in a
single event, or to separate discrete moments. Longer recordings (Figure 11, right) might
result in comically long mementos to underscore the aural-visualiser’s kinship to scientific
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equipment such as seismographs, while also rendering the temporal element of the
mementos easier to understand. Underneath each waveform on every memento is a
timestamp of the recording and its duration, as well as a place for a handwritten note: a
feeling, a place, what was being listened to, and so on.

Refining the expression

Once the main expressions of the project were decided, we needed to further refine the
prototype, developing more polished interactions as well as a more physically finished form.
Ultimately, this refinement process created a more compelling final prototype, one that was
more convincing and expressive of our design intention.

Figure 12: The Dieter Rams-Designed Braun T 580 Transistor Radio (https://www.moma.org/collection/works/4084)

Many of the visual references we were working from had a kind of nostalgic bent to them,
imagining nicely designed objects from the past and how the form language and design
qualities that they offer could be adapted to give our system a particular quality. Inspired by
the mid-century designs of Dieter Rams (Figure ), among others, we sought to create a
simple, elegant interaction that made a relatively strange concept approachable and
understandable. This echoes the broader design goal of making the complexity of the world
more legible and approachable.
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Figure 13: Details from final refinement and the interface.

To ensure a high level of finish in the final prototype, we tested tolerances of combining 3D-
printed and laser-cut materials to ensure that parts fit together well (Figure 13). Simplifying
overall construction, we designed custom brackets and built a section-model to confirm their
sturdiness. To reduce costs, we used alternative materials such as cutting and melting cord
for the rubber brackets on the aural-visualiser’s base or wrapping the handle in electrical
tape. Final form decisions were made to both bring together different parts of the system as
well as refine the overall expression of the prototype. The handle was designed to double as
a stand when in use. A cable hook was added on the side for the power cord and rubber
corners at bottom. These emphasized ruggedness and portability to suggest that the system
should be brought out into the world to find interesting things to listen to. Finally, the front
plate was designed and refined to evoke the kind of mid-century interactions we aspired to,
undergoing many iterations to get the look and feel correct.

The aural visualiser 1000

Figure 14: The final aural visualiser 1000. Left, printing visualization, and right, ready to be moved.
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The aural-visualiser 1000 is a refined design prototype whose expression asks users to pay
attention to the world in a new way. By emphasising the aural and auditory component of an
experience rather than the visual component, it seeks to reframe that experience and
increase a users’ sense of being present in the world. As an antidote to a recorded image
sometimes seeing “truer” than direct experience (Padalak and Jenkins 2022), the aural-
visualiser 1000 extracts and analyses the energy and attributes inherent to sound, producing
a manifestation of that sound for the user to save, compare and consider later. These
representations correspond to the recording, but do not recreate it, demanding experience to
understand them. The artefact encourages exploring sounds in everyday life, giving
perspective on their immateriality and elusiveness. These mementos store a representation
of meaningful events or hidden aspects of everyday life for reflection and reminiscence.

Figure 15: Listening to the world, the aural-visualiser 1000 in use, detecting interesting experiences

Discussion

The aural visualiser case study illustrates a process of engaging with an uncertain design
space. It provides two ways to understand how prototyping made sense of this space using
expression as a lens.

Pivoting as expression-finding

One of the main things that this case study reveals is how pivoting to new expressions gave
us both traction in and new material for the design process. Capturing energy as sound
became hearing; making this hearing more intentional and focused led to the idea of
listening; listening filtered through Pallasmaa became presence. Each shift motivated
significant design decisions. After Lim et al, the cardboard prototypes used as “design
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thinking enablers” that helped us to “organically and evolutionarily learn, discover, generate,
and refine designs” based on the expressions that we found during the process (Lim,
Stolterman, and Tenenberg 2008). Transforming hearing to listening led us to understand the
design space in a new way and gave us new directions to orient ourselves towards.
Likewise, a simple idea of a physical token to store and capture that energy became recast
as mementos that support remembering, driving a shift in materials from lasers, to software,
to ultimately paper. This shift in how we saw the expressions leads to how we reframe
knowledge from the prototype.

Taking the materials seriously in this process led to iterative refinements that tuned this
expression as the design brief became more nuanced over time. By paying attention to the
interactive qualities of these materials and judging how they contributed to the expression of
the design goals, in this case how listening and remembering can build new ways to
understand presence, the prototype responded to the shifting brief. Hallnds and Redstrom
note the significance of the expression and aesthetics of computational things (2002b). For
us, having a strong design concept made the process of finding the next step of the process
more tractable—certainly not simple, but operating as a guiding idea for the next step of the
process. The change in form from a passive horn to an ear that can be directed towards
sound, for example, directly supports active presence in the world.

These guidelines operated as filtering dimensions (Lim, Stolterman, and Tenenberg 2008) to
abductively find resolutions to design problems that were appropriate to the design goals
(Kolko 2010b). Sometimes, design ideas came from flights of fancy—the literal ear cemented
the idea of listening as well as helped distance the form from a sterile, scientific feel. Other
times, as with the design of the memento, concrete iterations around how the design could
be made more effective drove the process—from a tech demo with the software library, to
self-contained radial forms, to variable-length print representations, and finally to include
annotations that locate the memento in a single moment.

Productive tensions as a tool for sensemaking

This paper articulates our efforts and thinking towards creating our desired expression in the
aural-visualiser 1000. These include exploring possible means of visualizing sounds,
physical manifestations and interactions and continually considering the interplay of these
various elements. This interplay has at times induced productive tensions that offered us
other kinds of expression in the prototype than we expected at the outset.

our prototyping process sought to determine which characteristics best represented an
element’s purpose (Nelson and Stolterman 2012). One example being the energy capture
mechanism evolving from a funnel to an ear. At the same time, the sound memento, a
receipt with a waveform on it, might seem “true” in a way that is undermined by the more
playful materialisation of the ear that created it. The cartoony qualities of the ear are at odds
with the authoritativeness of the aural-visualiser 1000 and the memento it creates. To us, this
tension is evocative, and uncovering it through prototyping helped the design progress. The
tension creates an invitation to engage with the device—it is not so ridiculous that it can be
dismissed nor so serious and scientific that using it feels like a burden to discover something
true about the world.

Fallman defines a tension in the dimension between the extremities of design practice and

44



design studies, as the first dealing with what is “real” and the second what is “true” (Fallman
2008). The design became a way for exploring an issue of feeling disconnected by
developing a new kind of presence. It was not bound by requirements like solution-oriented
design briefs. Still, we found that informing our decisions and aesthetics by imagining the
prototype as a “real” appliance (using cues like as scientific visualizations and a retro-
technical aesthetic) helped build a stronger expression of the thing, carrying what we thought
to be “true”—that people feel disconnected from their surroundings—to show what might be
“possible,” that listening carefully could foster a sense of presence.

A more prosaic tension lies in the practicality of the materials chosen. As noted in the
refinement section, expense led to certain decisions being made on a cost basis. As the goal
was to produce a prototype, this was both expected and helpful: infinite resources meant that
even fewer constraints would be placed on the project. In keeping with the economic
prototyping principle (Lim, Stolterman, and Tenenberg 2008), we feel that this constraint
helped us make a prototype that makes the possibilities and limitations of our design idea
visible and measurable inexpensively while maintaining high fidelity.

Conclusion: Noticing what is desirable

This paper presented a prototyping process that navigated an open-ended design space.
During the design process, various criteria had to be developed to move forward, leading to
design questions like what should the design brief be? Why this and not that? What
manifestations of a design idea are relevant? How do you know whether something works?
To answer these questions, a set of intended expressions evolved with the design process
that over time made sense of the process. These conceptual expressions, even as they
changed, offered perspectives that mattered to design decision-making. They became
guiding principles for navigating the design space.

Ultimately, the process of design consists of putting a finger in and seeing what comes out—
whether what you have makes sense for a current conception of a project, and whether the
prototype or the concept need to change. We identified different tensions and pivots we
encountered as essential to this process of composing expressions: knowledge produced
during prototyping an expression informs the composing of subsequent expressions. These
ideas give us purchase where there were no obviously correct answers and became
strategies that helped us attune to what makes a design idea successful. For us, keeping the
desired expression at the center of the design process, and paying attention to how attempts
to manifest it are supported, thwarted, or made tense offers ways of navigating complex and
underspecified design spaces. This is how design is a process of sensemaking driven by
articulating desired expressions through prototyping.
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Abstract

When designing a complex building, such as a hospital, architects have to meet a variety of regulatory and
user-centered requirements. With the introduction of participatory methods, architectural design can
incorporate end-user requirements, ultimately facilitating end-user processes in the built environment.
However, current means of communication, such as paper plans and rendered images, lack the proper
form of presentation to discuss, document, and display user requirements, let alone experience the
prototype. Often, blueprints, renderings, and animations are not suitable for non-architects to develop a
thorough and mutual understanding of the volumes, dimensions, and clearances to assess a design’s
ultimate usability. A full-scale physical mock-up is usually not feasible. Instead, virtual reality (VR) is
sometimes used as a substitute to provide a more realistic impression of the subject under discussion.
However, most VR software does not allow for interaction to evaluate the prototypical environment. In
addition, neither VR software nor traditional methods are suitable for documenting the results of large-scale
surveys without enormous effort. It is usually left to designers to manually document and qualitatively
evaluate the results of participatory approaches for a final design decision.

This paper presents a software that could enrich current participatory design methods and overcome their
shortcomings. The software's immersive, interactive, responsive, and networked prototyping environment
documents design decisions and makes them immediately experiential. An integrated evaluation tool
generates a three-dimensional, human-readable representation of the collected quantitative data.
Architects can then discuss or integrate the quantitative data with qualitative observation or end-user
interview data in a mixed-methods approach. This new prototyping opportunity could lead to a more
congruent understanding of communicated imagination and materialized experiential knowledge, while
reciprocally generating networked experiential knowledge during its usage. End users could become more
like architects themselves.

Participatory Design; Data Triangulation; Architectural Planning; Human Readable Filter; Networked
Experiential Prototyping

A thorough understanding of the needs of end users in relation to their environment is key to a
user-friendly and sustainable architectural design. This is especially true for complex environments
such as hospitals or factories - environments that house many interdependent logistics and work
processes of their end users.

Traditionally, architects express and communicate architectural design decisions - or one may say
prototypes - by reducing their three-dimensionality into horizontal and vertical sections and
projections. These representations are called plans and sections. Typically, the basis for design
decisions is sometimes empirical knowledge (e.g., user interviews) and more often literature-based
knowledge (e.g., statistics on normative dimensions). Architects and end users express empirical
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knowledge verbally and document it with pens when discussing a floor plan. However, no empirical
knowledge is generated because no one interacts within the floor plan, but only expresses their
individual thoughts two-dimensionally. Furthermore, end users are confronted with a specialist
medium, the floor plan, which they may not be able to fully decipher due to their often-limited
spatial comprehension (Yu et al. 2022). This can lead to misunderstandings and misplanning. The
author of this paper has had similar experiences with participatory requirements planning in his
own architectural projects.

Virtual reality (VR) technology has revolutionized the way architects and designers approach the
design process by overcoming some of these limitations. The ability to create and explore virtual
environments allows architects to better visualize and evaluate their designs. It also provides a
new way for stakeholders to participate in the design process. Participatory design in virtual reality
(VR-PD) is a relatively new field that combines the benefits of VR technology with participatory
design methods. Gu et al. found that a three-dimensional representation facilitates more profound
perceptual events in collaborative design processes (Gu et al. 2011). However, the currently
available tools do not allow for large-scale documentation of quantitative data generated during
(asynchronous) collaborative sessions. Furthermore, current prototyping software is not first-
person interactive. Thus, designers cannot immediately and immersively experience the
consequences of their decisions. In contrast, the developed software allows architects to
document, evaluate, and ultimately triangulate quantitative and qualitative data on end-user needs.
This enhanced VR-PD can provide architects and designers with a more comprehensive
understanding of stakeholder needs.

First, this paper describes the current problems in communicating ideas and comments about an
architectural prototype, as well as the shortcomings in empirically validating design decisions
during a prototyping phase. Second, it summarizes the potential of using VR. Third, it explains the
requirements for successful use of VR, the structure of the developed software and how it meets
these requirements. Finally, it describes the proposed design of an enhanced VR-PD approach
using the developed software, its potentials, and the need for further research.

The developed software provides a VR prototyping environment that is experiential, transformable,
documentable and networked, similar to a beta software environment, eliminating the need for
physical mock-ups. Taking, experiencing and evaluating design decisions becomes a simultaneous
action. The fundamental question is: How changeable, accessible, experiential and collective can a
prototype be? The developed VR software is similar to existing furnishing applications, but
extended by the networked ability to document and display survey data for evaluation in a human-
readable, three-dimensional representation. It enables the mixing of quantitative and qualitative
generated knowledge of end-user needs in complex building projects.

Background

Abstract, Statistical Numbers Transform into Imagined Shapes
Current Methods for Integrating Experience and Needs into Architectural Planning

A central step within the service phase 0 of an architect's work process is demand planning. During
this phase, architects collect important data for future planning (DIN18205). The basis of every
planning is the functional program (Roth et al. 2015 p.19-20). The data used consists of the
documentation of existing processes and procedural knowledge. The intention of the requirements
planning determines how the data is collected and interpreted and how statistical analysis
approaches are used (Roth et al. 2015 p.36). First, architects determine space requirements based
on statistical or experimental metrics before filling the planned spaces with equipment (e.g.,
surgical lights when designing operating rooms). Planners choose either a bottom-up or a top-
down approach, i.e., either to rely synthetically on planning recommendations such as Neufert
(Neufert 2018) or Raumpilot (Jocher et al. 2012) or to determine requirements analytically (Roth et
al. 2015, p. 37). Common methods include determining space requirements through metrics,
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functional area surveys, aggregation factoring, and equipment demand assessments. The latter
two methods are bottom-up and participatory. They start with detailed planning of equipment and
the resulting space requirements for each, its users, and other related processes. Both require
empirical values and expert knowledge, usually gathered in expert workshops. In the case of a
hospital building project, this may include the involvement of nurses and cleaning staff. In contrast,
the first two methods are top-down and numbers-driven. In this case, cardboard pieces - movable
and arranged on a grid - represent statistical metrics. This method is exclusive to professional
architects and does not take into account the design requirements of the individual work
environment, but rather relies on the existence of a high-quality database of benchmarks.

Discussing and Documenting Experiential Knowledge: Participatory Methods

Participatory design is a methodology that involves stakeholders in the design process to consider
their needs and preferences. This approach has been used in a variety of fields, including
architecture, urban planning and product design. Participatory design is effective in promoting
stakeholder engagement, improving the quality of the final design, and reducing conflict between
stakeholders and designers. According to Leon et al. (Leon et al. 2015), early collaborative design
can prevent problems in later, more complex project phases. Architects and end users also benefit
from starting to collaborate early in the design phase to innovate and achieve excellent
architectural solutions (Combrinck and Porter 2021). This bottom-up approach is particularly useful
for requirements and space planning at the detailed design stage. A common method for needs
assessment in complex building projects such as hospitals is expert workshops (Sunder et al.,
2021). However, there are many challenges with this method.

Using traditional media such as printed floor plans to discuss design decisions for complex building
structures with non-architects is difficult. While efforts have been made to involve other disciplines
and end-users in previous research projects to meet their needs, the use of traditional media in
interdisciplinary communication has been inadequate and prone to communication and
interpretation errors. Too often, the expressed experiential knowledge remains a mere narrative,
sometimes underscored by drawing on to floor plans or pointing to photos and video sequences.

In addition, it was not possible to document needs on a large scale. This is also evident in other
works. According to Alizadehsalehi et al. (Alizadehsalehi et al. 2020), limited understanding of a
design decision can lead to poor design choices. Sometimes planners compensate for the
shortcomings of this form of communication by undertaking time-consuming work experiences in
facilities comparable to their design task. All in all, the mental images of architects and
stakeholders are traditionally expressed and discussed in a two-dimensional or verbal way, but not
experienced.
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Potentials of Virtual Reality

Current Usage of Virtual Reality in Prototyping

Traditional methods of reviewing architectural prototypes are confined not only in space, but also
limited in their temporal dimension. Therefore, a common method for process optimization is
simulation. However, the extent and level of detail and realism is highly dependent on the means of
simulation (Roth et al. 2015). While physical mock-ups are quite expensive, immersive virtual
environments (ImMVE) have been widely used in recent years. The ability to create and explore
virtual environments has allowed architects and designers to better visualize and evaluate their
designs. It can be used to test the feasibility of a design and identify potential issues. The
combination of VR technology and participatory design (PD) methods has led to the development
of Virtual Reality Participatory Design (VR-PD). VR-PD allows stakeholders to participate in the
design process by exploring virtual environments and providing feedback on the design. At the
same time, the concept of Computer Supported Cooperative Work (CSCW) has evolved, exploring,
among other things, cooperative VR applications. The fully immersive experience of a virtual
prototype viewed through a head-mounted display (HMD) enables a new level of visualization and
perception of design decisions, but more importantly, fundamentally changes the designing of
prototypes themselves. Ververidis et al. identify five benefits of VR: interactivity, spatiality/three-
dimensionality, immediacy, telepresence, and simulation (Ververidis et al. 2022, p. 478). Therefore,
architects can collaborate in virtual reality with more comfort and ability (Yu et al. 2022). Various
sources demonstrate that VR, can be a more inclusive tool for end user engagement by raising
information on performance feedback (Heydarian et al. 2015). This immediacy is one advantage of
the developed software later described in this paper. In addition, the VR medium has a higher level
of detail and dimensionality, leading to easier perception and communication of mental ideas.
Therefore, on the architect's side, ImMVE can facilitate the process of problem finding (Lee et al.
2019). According to Ververdis et al. VR should ideally enable communication, visualization,
documentation and record keeping. In addition, all stakeholders should be able to "converge in a
single experiential space" in a synchronous and asynchronous manner (Ververidis et al. 2022, p.
491). VR and collaborative approaches are two mutually reinforcing factors that facilitate
communication between planners, stakeholders and end users.

Prospect of Becoming an Actor of Iteratively Manifesting Knowledge

As an ideal framework for collaborative design, Ververidis et al. propose an iterative process in
which design decisions are immediately made, previewed, and reviewed. In doing so, the parallel
worlds of different stakeholders must intersect (Ververidis 2022, p.491). Embodied designing within
ImVE enables this triad by changing the traditional central meaning of models or prototypes from
the anticipation of a future construction to the process of design itself (Reinfeld 2021). Five factors
are critical to realizing these potentials of VR:

1. Multidimensionality: VR has the advantage of adding a third life-size dimension
to scaled printed floor plans, and a fourth dimension by spatiotemporally
immersing the user. One can now experience the realistic duration of walking
through a design instead of moving a pen across a piece of paper.

2. Visual Infinity/Immersion: The technical impossibility of stepping back from the
image plane, as well as the seemingly infinite virtual image of the HMD without
an image border, redirects visual perception towards immersion (Wiesing 2014:
107-108). This advantage becomes apparent when comparing ImVE with the
perception of the limited size of a printed floor plan.

3. First-Person-Interaction: The first-person user interface allows the user to
interact with an interface and environment as they would with that of a real-world
object. It ensures correctness of ergonomic results and the comprehension of
dimensionality of the virtual space. Only then, can the assessment be close to a
realistic work process.
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4. Dialogical Interactivity: The user-designer no longer has to interpret the design
decision through the abstraction of a drawing (Drude 2023, p.10). Instead, the
users can immediately react and experience to their own virtually realized design
to make new decisions.The prototype develops, not evolves, as design is a real-
time dialog. According to Drude, multi-user VR applications can enhance
communication between participants that was previously inhibited by relying
solely on sketching and model making (Drude 2023, p.11). Others also point to
the enhanced visualization and immediate interactivity of Im\VE (Rahimian et al.
2019).

5. lterative Immediate Experience of Action: Once mobilized, users can
immediately experience the consequences of their own virtually realized design.
The user-designer no longer has to interpret the design decision through the
abstraction of a drawing (Drude 2023, p.10). Instead, the user can immediately
react and experience the transformed virtual prototype in order to make new
decisions.

The VR-Software and its requirements

The proposed enhancement of VR-PD employing the developed software aims to overcome the
cognitive, communicative and media-related problems of traditional participatory design processes
in architecture and interior design for complex building structures such as hospitals. By challenging
these limitations and building on the potentials of virtual reality and data collection, an enhanced
VR-PD approach is proposed. The software described in this paper enables end users and
architects to simultaneously create and experience prototypes in a realistic first-person interaction.
Live-sized virtual objects, walls, doors and windows can be placed and moved. Furthermore, the
networked prototyping software automatically documents decision data quantitatively and
qualitatively for an evaluation of large-scale datasets. It transforms collective experiential
knowledge into virtually materialized and augmented environments.

However, the medium of VR requires certain elements for an optimal operability. Ververidis et al.
propose several features of an ideal software based on their review of collaborative VR systems
for the architecture, engineering and construction (AEC) industry (Ververidis et al. 2022). The
developed software incorporates some of these features and adds others. A HP Windows Mixed
Reality Headset, its two controllers and first-person interaction are employed.

General Requirements of Optimal Operability
Familiarization with Virtual Reality and Sensory Discrepancy

The sensation of immersion in first-person interaction may be overwhelming for first-time users
(Sidani et al. 2021). The software and hardware do not provide auditory or olfactory feedback, but
only visual and limited haptic feedback. In addition, users cannot physically sense virtual stairs
when moving in a planar real space. These discrepancies can lead to discomfort and should be
limited and addressed in the design of the virtual environment. Therefore, the interviewer must first
instruct the users about the expected irritations, teleportation features and controls. The developed
software includes a training environment that prepares users for the actual use.
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Techno-Spatial Restriction and the Mobilization of the Self-Aware Designer

Simulating realistic behavior in an ImVE requires commitment on the part of the interviewee and a
comfortable rapport, as there are spatial and physical inhibitions. The user must understand the
importance of becoming physically active. Otherwise, the exploration of the virtual space fails and
the user remains a mere observer of a rendering. Mobilization is the key to the full expression of
the imagination. Only then does the media relationship between space and image become
physical. In addition, the user must understand the HMD as a drawing tool to not only observe the
environment, but to create life-size designs within it (Reinfeld, 2021). The physical barrier of a
tethered HMD or tracking space limits the user's ability to move further into visual infinity. The
resulting teleportation feature of ImVE limits the realistic spatial and temporal experience of virtual
space - just as the dimensions of a traditional paper floor plan would limit the space for imagination
to an even greater extent. An engaged, self-aware user, on the other hand, achieves a level of
engagement and immersion previously unknown.

User Interface of the ImVE
Preset Options and Object Library

The software requires the definition of an object library prior to conducting interviews. Standard
CAD files can be imported for room and object geometry. Before each survey, its scene(s) can be
selected by choosing a specific room (e.g., a two-bed patient room), a specific furnishing preset
(e.g., two patient beds and chairs), and a light setting (e.g., nighttime). Depending on the design
stage being discussed and how open-ended the process should be, interviewers can set more or
less presets and restrictions to the interviewee's design freedom to build and react upon (e.g., just
two walls and a bed or a fully furnished room layout). Multiple scenes can be set sequentially or in
random order to avoid bias. Furthermore, a selection of available objects can be set for the
interviewee's object library within the ImVE.

Navigation Simplicity

User-friendly controls are critical to smooth operation. The primarily gesture-based software
controls require only a forefinger press for all grasp-like decisions. All other commands are intuitive
and require realistic interaction (e.g., using a doorknob to leave one scene and enter the next
virtual room). However, the controller does restrict the user's hand pose and movements to a
certain extent.

Placement and Deletion of Objects

Ververidis et al. suggest optimal usability of a toolbar by placing it on the left VR controller while
using the right controller for selection commands (Ververidis 2022, p.489). All objects are virtually
located on the left forearm and can be scrolled through in a left-right and up-down movement of
the right hand. They are grouped into categories for easy navigation. Once selected with the right
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controller, an object is scaled to life size and can be placed in the ImVE. The interviewee becomes
not only the bearer of the ideas and knowledge being expressed, but also the bearer of the virtual
objects.

The virtual placement of objects should be as close as possible to the actual morphology of the
interviewee to achieve optimal ergonomic design review results. A common problem is the
imprecision of freehand VR designing compared to numerical input placement in CAD software.
So, there are support mechanisms. Auto-snapping places an object on the wall at the height of the
user's controller. It locks the z-axis when placing objects on the floor or ceiling. Autorotation snaps
the module or object to the target plane orthogonally away from it. Deleting misplaced objects
requires grabbing them, dragging them to the library area on the left forearm - which instantly
becomes a trashcan icon visually - and dropping them.

Figure 6: Library with scaled down objects at the user’s lower-left forearm. One can scroll through the library by gesturing
with the right-hand controller and pick a desired object for placement.

Figure 7: The software suggests a green highlighted snapping position to a user placing a socket on a wall.
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Figure 8: A user drops a misplaced dispenser in the bin to delete it.
Individual User Evaluation

After equipping a scene to their needs, the interviewees can test and correct their design decisions
in four ways within the ImVE:

1. Light Setting: Different times of the day and different work processes require different light
settings. For example, a doctor needs pure white light to see a patient's skin color without
distortion. Cleaning staff, on the other hand, need a full and bright illumination of the room.
Therefore, different light settings can be shown to evaluate the usability of a room under
different light conditions.

Figure 9-10: An exemplary daytime and a nighttime light setting of the same space.

2. Prioritizing: Although end users may prefer the placement of many objects, financial or
regulatory constraints may prevent the implementation of all design decisions. Therefore,
users can highlight important objects by selecting the star that hovers over an object.

Figure 11-12: A user highlights a wall socket.

3. Area Sizing through Collision Feedback: A common case of misplanning is the incorrect
sizing of areas. Thus, interviewees can test for spatial flaws, as all virtual objects resemble
physical properties. For example, a patient bed requires the use of both controllers and has
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sluggish motion properties to represent a realistic weight. Other objects may have
dimensionally restricted joints or cannot float in mid-air. When moving objects, collisions are
indicated visually by red spheres briefly emerging at the point of collision and haptically by
vibrating controllers.

4. Walking Pattern: The right distancing between places of action is essential to user-
friendliness. Stakeholders can neither walk through a displayed rendering nor a scaled paper
floor plan. The empirical knowledge generated by truly walking through a prototype is only
possible in IMVE or within a physical mock-up. The software visually indicates when a virtual
obstacle is approached too closely by blending in a grid that resembles a chain-link fence.
This allows users to test the distance between points of interest in their design.

Evaluation Tool for the Interviewers

The core novelty of the developed software is its ability to save user and prototype related
quantitative data for evaluation and mixing with qualitative data in a database. This information can
be filtered, displayed and reviewed in a three-dimensional, human readable form. Afterwards, it
can be mixed with qualitative data for triangulation. The collected data include: Interviewee
Related: Occupation, department (e.g., neonatology, assembly line), age, height, years of work
experience; Survey Related: Date, time, number, duration, selected scenes (rooms, light-setting,
object preset); Object Related: Type, absolute and relative position, ergonomics, number,
prioritization
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At first, the evaluator’s GUI provides many filtering options: e.g., populations of the survey (e.g.,
show all, hygienists and caretakers), categories of objects, personal data (e.g., height). Two
visualization modes of the results are available - a heat map and a scatter plot. A split screen can
simultaneously display both modes and four camera perspectives. Exploring results can be
experientially conducted in first-person ImVE or more traditionally on a screen. A blue to red
gradient color coding indicates the averaged, collective information of ideal object arrangement in
the heatmap mode in a human-readable way. Blue indicates that the filtered population did not
place any object at that location. Red signals the location(s) with the most placed objects of the
filtered population. The gradient in between signals less frequently selected locations. The scatter
plot mode indicates which type of a particular object was selected at each location, or helps
distinguish between selected objects when more than one object category was selected in the filter
options. In this way, large survey sets can be made accessible, readable, and discussable.
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Screenshots

Taking screenshots enables planners to document issues or findings that require further
discussion. For this reason, the evaluation tool includes a screenshot button to export a
visualization of specific filter results in the desired presentation mode (rendering, heatmap,
scatterplot) and camera perspective. The software also numerically saves the selected filter
settings and associated database output along with the screenshot.
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f
"Query Filter": {
"baseQueryParameters”: [],
"objectsWithQueryParameters": {
"dispenser": [],
"shelf": [],
"iv_pole": []
}
}J
"Shown Environment": {
"RoomMame": "Karmin",
"RoomConfiguration": "",
"LightingConfiguration": "KarminDaytime"
})
"Count Of Involved Objects": 255,
"Count OFf Involved Surveys": 92

}

Heat Map Evaluation Algorithm

The heatmap mode can display large datasets in a human-readable way visualizing end user
needs. Heatmaps are created by dividing the space into 3D pixels. The level of detail can be
modified according to how precisely the position of an object needs to be determined. One pixel in
the shown screenshots is equivalent to 8x8x8 cm. The evaluation tool calculates the color value
according to the distance of the filtered objects (e.g., a dispenser) to a 3D pixel using the following
graph. Distances of an object to a 3D pixel exceeding 0.3m are ignored.

60



After assigning and adding the color values, the algorithm divides the sum of each 3D pixel value
by the sum of the highest value pixel. The pixel with the closest objects will therefore have a value
of 1, which corresponds to a red coloring. 3D pixels with a lower value have a corresponding color
gradient. Pixels with no nearby objects have a color value of 0, which corresponds to a blue
coloring. Finally, the algorithm maps all 3D pixel color values to the room and object surfaces of the
underlying 3D models to visualize the data in a human-readable manner. In contrast, the
scatterplot mode is not well suited for displaying averaged data of end user needs Evaluators
benefit from using it when they want to distinguish between object types. A mode for exporting a
CAD file of an ideally furnished room is under development.

The Potential of Networked VR-PD Prototypes

Ververidis et al. point out that central server communication is critical for retrieving, reviewing, and
editing information at any time (Ververidis et al. 2022, p. 486). Participating experts and end users
become a source of data immediately responding to their own realizations and expressed
knowledge in ImVE. In addition, they also become quantitatively shaping parts of the aggregation
of networked design decisions. Researchers, planners, and stakeholders can evaluate survey
results of the network (including other projects) documented on a database to gain insights and
identify shortcomings in their planning. These findings can be further enriched by integrating them
with qualitative data from observations and interviews conducted during the participatory designing
in ImMVE. Insights can then be generalized.

Proposed VR-PD Approach

The traditional PD-approach may use qualitative and/or quantitative data as previously mentioned.
However, these data are usually not derived from a specific design context. On the contrary, the
newly proposed approach enriches VR-PD by enabling data triangulation. This data integration
combines many individual advantages possibly leading to a higher reliability of the results of
architectural PD-processes.

Advantages of Quantitative Methods Advantages of Qualitative Methods

Reaching a large number of people Respondent has influence on content
Representative results Feedback can be expressed directly
Statistical evaluation of results with Flexible and open methodology, therefore
comparatively little effort also the new and unknown is recorded

Statistical correlations can be determined Possibility of reaction
and mapped

Subjectivity is reduced as far as possible Positive influence on data quality or
respondent motivation

Small, internal trials of the proposed VR-PD approach have been conducted at IKE, TU
Braunschweig for a hospital architecture project. Its feasibility will be further tested during a large
architectural planning process for a major university hospital in Europe this summer. A defined
procedure has to be followed:

1. Take Decision on Setup and Evaluation Objective
2. Undertake Survey According to Protocol

3. Conduct Evaluation and Final Design Decision
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Take Decision on Setup and Evaluation

The way the software is used should depend on a project’s design stage determining the
prototyping and evaluation objective. Scene setups can differ in the degree of participatory input
ranging from building an entire room structure to furnishing and/or testing spatial dimensions of a
preset room layout or light setting. Is a single room or a cluster of rooms to be discussed for
process assessment? The first step is to determine the set. The evaluation should also consider
the need for contrasting opinions from end-user groups (e.g., practicing caretakers and
theoretically working hygienists). An interviewer should define a specific task for the invited
stakeholders or develop an interview guide to set incremental tasks depending on these
objectives.

Undertake Survey According to Protocol

First, the interviewee needs to be instructed on the task. Then, the interviewer needs to familiarize
the interviewees with VR, its controls and limitations using the training environment of the software
and ensuring equal preconditions to all interviewees. Once the survey has started, the interviewee
should begin designing. The interviewer can facilitate this performance by setting activating tasks
to overcome the techno-spatial limitations.

Towards the end, the interviewee should be reminded to review, highlight and test their own design
decisions and may begin to redesign or make changes. In this way, users can virtually materialize
abstract ideas to generate knowledge. However, the seemingly effortless availability of virtual
objects may encourage excessive placement of wishes rather than needs. The possibility of
deleting objects should be mentioned ahead of completion of the survey. Meanwhile, qualitative
data can be recorded by writing down key messages or answers to the interview guide.

Conduct Evaluation and Final Design Decision

The evaluator will decide whether to compare individual surveys or sets of surveys from different
populations (e.g.; caretakers and hygienists) or evaluate the averaged totality of surveys.
Qualitative and quantitative data should be integrated at this point to take final design decisions or
go into a discussion if results are contradictory or ambiguous. Also, a new setup for a new survey
can be determined based on the evaluation results if a specific prototype condition is to be verified.
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Discussion and Future Research

The proposed networked, virtually experienceable prototyping approach can facilitate participative
and collaborative requirements planning. It does so by providing the means to concretize,
visualize, and experience design decisions close to reality to generate concrete design decisions.
Combining qualitative and quantitative data in a mixed method approach can lead to designs that
are more reliable. Ultimately, designers can use the tool to create sustainable and complex
architecture. However, the method does not anticipate future technological and social
developments that may change user needs. The described approach is time-consuming and does
not take into account the demographic evolution of its users. Planners can address these
limitations to some extent by researching whom to invite before using the software and by
incorporating technological advances into the virtual object library of the software. The power of its
database and averaging evaluation tool unfolds when large data sets of similar room typologies
are merged. Bilinear interpolation of the 3D pixels could lead to a more precise readability of the
generated heat maps. In addition, it remains to be determined which color gradient is more
readable for the evaluators. Further research is needed to determine the necessary level of detail,
the impact of surface color choices on user attention and how to address beginners’ difficulties in
getting started with VR.

Feedback from using the proposed approach during a large architectural planning process for a
major university hospital in Europe will lead to improvements this summer.

Conclusion

Internal trials of the software and methodology with (non-)architects indicate that VR-PD is an
effective approach for involving stakeholders in the design process and ensuring that their needs
and preferences are taken into account. Stakeholders were able to provide valuable feedback on
the design, which allowed the architects and designers to refine and create a final design that
reflected the stakeholders' needs and preferences.

The virtual prototype can become an ever-changing discussion piece made up of the realized
individual imaginations. It virtually materializes collective knowledge. Planners can combine the
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insights of continuously evolving experiential spaces with those of simultaneously recorded
narratives. Because of the unprecedented power of the quantitative evaluation tool, mixed data
can lead to a more precise design decision than traditional collaborative methods. In addition,
planners can potentially use the approach to redesign and evaluate virtual copies of existing
spaces that are in use and therefore physically inaccessible (e.g., an occupied assembly line).
Possible applications of the approach could be interdisciplinary research requiring a high level of
visualization for knowledge communication and especially the AEC industry.
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Abstract

This paper explores the initial phase of a series of prototype-based design investigations in the field of
visual and interactive computing from an artistic and design-oriented perspective. We propose a novel
paradigm for interacting with prototypes, particularly suited for the contexts of design and art. Accordingly
we demonstrate how this interaction, referred to as “probing”, differs from the traditional approach of
prototyping (i.e. experimenting). These findings are exemplified and illustrated by an actual prototype that is
presented alongside. By introducing this prototype, which can be understood as an artistic framework, we
derive a model that systematises the creative work with and on prototypes into an epistemological typology.
Through this “probing” we come to realise the importance of embracing and utilising the quirks, flaws and
limitations that arise, which can become prominent features of the design with unique qualities. Finally, we
provide insights and a model how these concepts can be applied to prototype-based design and
development in general.

Art & Design; Probing; Playful Interaction; Transformational Stepping

This paper examines and gives insights into and examples of the early stage in a series of
prototype-based design explorations in visual and interactive computing from an artistic and
designerly perspective. With our background in art, computer animation and 3D modelling,
we wanted to challenge and explore how our knowledge, professional experience and artistic
intent could be organised and constructed in a co-creative dialogue centred around a
concept of a machine which, through its construction, could ensure desirable yet surprising
outcomes. Thus, through co-creation, we could learn and reflect upon the virtual and the
physical simultaneously. We use the concept of a potential machine to find out if we can
become cartographers, explorers and painters at the same time (Olsson 2007) as we design
the machine itself. In this paper, we want to show how 3D objects, movement and light
sources can facilitate new forms of image and map-making, through a series of
transformational steps mediated as a shadow world and captured on a white surface. From
previous projects, we highlight the importance of making use of the quirks, errors and
shortcomings that constantly appear (Siess et. al 2019) and that—if used smartly—can
become major features of the design with specific new qualities. “We must integrate the
element of the unknown into the design process as a constitutive, productive factor for
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design—not simply as a lack of data, but as a driver of design development.” (Folkmann
2014) The paper presents a model of how our prototype work is executed and includes
examples and findings. We also show two case studies of the preparation for the second
iteration of the machine prototype. They were created as an installation piece for the
Evangelische Stadtkirche am Marktplatz in Karlsruhe, Germany and a project that generates
real-time music performances from shadow maps by interpreting them as a “music score”.

The difference between simulation and virtuality

At this point, we would like to pose the question of whether a prototype should always be
interpreted as a simulation, or whether it is also a suitable source of inspiration. To clarify:
The goal of a simulation is to replicate “physical” (i.e. “real”’) phenomena as accurately as
possible. Therefore, simulation strives to create objects that pretend to be their “real”
counterparts (Esposito 1998: 270). Our prototype, on the other hand, does not pursue this
goal at all, but literally turns this relationship on its head, since it is not intended to reproduce
the real world, but rather to serve as an inspiration for the generation of ideas which, in turn,
will then have an impact on physical reality. In the late 1990s, this difference had already
been extensively addressed—albeit in a completely different context, i.e. in the distinction
between simulation and virtuality. We would now like to argue that the ontology of the
prototype cannot be read in the context of simulation exclusively—in which it undoubtedly
provides valuable contributions to the very practice of design—but can also be interpreted in
the context of the virtual and thus be used for (visual) arts as well. The virtual, as Esposito or
Ryan note, pursues much richer intentions than simulation, but seeks to create genuine
transformative qualities for which the question of a “real reality” is completely indifferent
(Esposito 1998; Ryan 2015). Accordingly, the key question is not whether a prototype can
represent a real phenomenon as accurately as possible, but rather whether a prototype
significantly impacts the interacting artists/designers to empower them in their endeavour to
reshape reality. Much like the proverbial oak in the acorn—a quote erroneously attributed to
Aristotle—the prototype only plants the “seed”, from which, depending on the context and
especially on the interacting subject, a new (proverbial) tree grows (Lévy 1998). Thus, the
prototype, or virtual model, serves as a starting point for the development of new ideas and
ways of understanding the world. Since it is not concerned with accurately reproducing
reality, but rather with empowering the artist or designer to shape and reshape reality in
meaningful ways, it demands new paradigms of interaction that embrace and “exploit” the
ambiguity and plurality of the prototype. Schiesser conceptualised this characteristic of a
medium using the term Eigensinn, which can be roughly translated as “obstinacy” (Schiesser
2004). This term conceptualises the “drive” of any artistic material (i.e. in our case, the
prototype) for certain aesthetics, mechanisms and functions in constant interaction with the
obstinacy of the interacting subject, creating a “force field” between subject and prototype
that initialises and nurtures the creative process. Since any creative process could benefit
from transformational qualities that forsake the ideal of replicating external circumstances as
faithfully as possible (Ryan 2015), we believe this brief discussion of the virtual vs. simulation
resonates with the new paradigm of prototyping that is presented in this paper. It is important
to emphasise that the virtual is not necessarily synonymous with the digital (Lévy 1998).
Thus, a physical prototype can possess virtual qualities if it features genuine transformative
characteristics and deviates from the ideal of simulation.



Models of creativity for supporting collaborative prototyping

To establish a common ground regarding ideas and models of creativity, we gathered four
different models of creative action. They all serve our online collaboration with concepts,
terminology and perspectives that help us shape the collaborative space between us as we
generate, elaborate, and evaluate concepts regarding our prototyping with the machine. We
believe that this methodological perspective is necessary to collectively develop and use
different ways of thinking and analysing creative practice.

Ruth Knoller conceptualises creativity in a comprehensive “formula”, in which creativity (C)
emerges as a function (f) from knowledge (K), imagination (I) and evaluation (E), as well as a
positive attitude (a) as a key part in the equation: C=fa(K, |, E) (Isaksen 2011)." How can a
machine’s attitude (i.e. its Eigensinn) be designed and explored, in order to push knowledge,
imagination and evaluation into play? Furthermore, we wanted to address Boden’s idea
about “conceptual space”: How can prototypes be set up to host conceptual spaces that can
be explored, stressed, and played with spatially? Finally, Yuk Hui’s ideas regarding
autofinality (A-B-C-A) come into play, since in a creative process “the result is not yet
completely defined: even finality itself is situational” (Hui 2019). How do we specify and
design the rules that determine computational behaviour and how do you become aware of
the details of the computer system that interprets such rules? To avoid that the technological
systems become self-contained and self-referential, limiting the potential for artistic
intervention and creativity.

The prototype

Key inspirations

For inspiration and reference to the mechanism and layout of an interactive and procedural
machine, we initially turned to three different sources as our starting points:

1. “Wheel” by M. Tansey and F. Buener (Taylor/Tansey 1999)—an analogue
“inspiration machine” comprising three independent rings, each featuring 180
labels, which suggest the degrees in a triangle that can be combined to form
phrases. Each rotation produces one of 5,832,000 possible word combinations
that act as a motif for a subsequent creative process. This “machine” can be
interpreted as a “proof of concept” that even with a “banal”—and
“monoaesthetic” (Schiesser 2004) medium such as words/phrases—acting as
an initial starting point, it seems possible to create interesting and fruitful
inspiration. This phenomenon gave us reassurance and certainty that our first
prototype, despite its equally banal structure comprising purely basic shapes,

such as triangles and rectangles as shadow casters, could nevertheless

1 See also: https://www.russellawheeler.com/ruth-noller-creativity-formula
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produce meaningful (i.e. inspirational) output.

2. “Schattenspiel”, (shadow play) by Hans-Peter Feldmann—an assortment of toy
figures and bric-a-brac arranged on slowly revolving turntables. The light
shining on the objects causes shadows to be cast onto walls. The shadows
evoke wonderment, which encourages the audience to see simple everyday
objects in a new light. We interpreted this piece as a “proof of
concept’/confirmation that shadows contain an enormous bandwidth of

transformational and inspirational qualities.

3. “Zoetrope”, “Daedalum” or “Wheel of the Devil” by British mathematician William
George Horner (1786—1837). This machine is one of the first devices that could
achieve animation through the rapid succession of otherwise static images
(Horner 1834). The invention strongly influenced the basic configuration of our
prototype—since the “Zoetrope” was not built to do any physical labour yet
recalls the modus operandi of “real” machines—at least in its visual

appearance.

Design and configuration

The integration of all key inspirations into a singular device serves to outline the fundamental
form and function of our first prototype. Dubbed the “Landscape Wandering Machine”, this
prototype was constructed as a rigged and animated 3D model comprising 48 objects
arranged in fixed positions on three concentric rings that can be rotated independently. Six
moving light sources were utilised to illuminate the scene, casting shadows onto a plain
tableau at the centre. Initially, the prototype’s configuration was relatively basic, yet the
resulting shadow images captured from the tableau were deemed promising for further
exploration and experimentation due to the non-deterministic interplay of the shadow casters.
However, it is important to note that these images, similar to the phrases in Tansey’s and
Buener’s “Wheel”, are not the final product/outcome, but rather serve as an initial starting
point for further transformations; thus, they are referred to as “maps” in subsequent
discourse. In a sense, this prototype occupies a meta-state between abstraction and
concretisation, as it was created and tested entirely within the digital space of CAD software,
and initial experiments and probes were conducted exclusively in that realm. However, it also
gave rise to the first haptic model, which was produced by 3D printing (Figure 1, right image).



Figure 1: The digital prototype and 3d printed prototype with LED based light rig.

“Sketching” with probes

Using the initial concept of “obstinacy” (Eigensinn) described above, we started working on
this prototype. We should mention here that we regard a prototype in this early conceptual
stage of exploration, development and design as a conglomerate loosely assembled in a
common media format. The aim of the prototype is to create a “gravitational centre” that tries
to initially pull the disparate elements together as a compositional assembly, “bringing parts,
materials, functions, structures, processes, activities, and events together in such a way that
they have an emergent presence or an appearance in the world.” (Nelson and Stolterman,
2003). For our part, the role of the prototype, as described by Herbert, relates to designers’
sketches, “not of passive recording but of active participation in formulating the design”
(Herbert 1993). The choice of using simple geometrical objects such as rectangles and
triangles was in a direct and effortless way to transform the words and statements of “the
Wheel” into a visual realm. This is because our intention was to work on a design that thrives
and communicates back to us visually during the entire research and machine construction
process. The physical prototype and later the Knowledge Horizon Trajectory model (KHT, see
Fig. 2) became a vehicle for our tacit knowledge exchange from our former practices and
experiences. “The tension here is between the knowing of the corporeal, so fluid and
effortless, pushing against the need to verbalise through the cognitive” (Budge 2016).

At the beginning of the first iteration, we stayed true to the “traditional” concept of
prototyping: by maintaining a 1:1 relationship between the digital and the real model, we
created a “twin” with which we could simulate the state of the respective counterpart. Not
least because of the physical distance between the two artists involved (Sweden—Germany),
this aspect was essential. It was a deliberate design decision to articulate, as well as to blur
the borders between digital and mechanical machines and interfaces. This created an almost
contradictory interestingness and ambiguity that nurtured our individual imagination, since “in
the art-based design research, the imagination is the intellectual medium that synthesises
antitheses, turns difference into likeness, unifies oppositions and does so in pleasing and
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striking ways” (Murphy, 2017). To our surprise, the images that emerged in both prototypes
were rather complex structures that were formed from overlapping shadows and were very
different from the simple shapes of triangles and rectangles from which they were created.
Here, the idea of using probes as a sketching technique emerged as a method for the design
and exploration of the shadows that the prototype created.

In contrast to the experiment, which takes place in a controlled environment that aims to
achieve replicability as well as objectivity and involves the experimenter having at least one
hypothesis of the expected outcome, the aim of probing is to be feasible in a pluralistic
environment and embrace ambiguity as a creative force. Thus, the probe does not aim to
achieve any “epistemic validity”, but instead strives to expose the Eigensinn, i.e. the inherent
uniqueness of the symbiosis between the medium and the interacting subject. The designed
and ready-made or crafted probes then became a process of knowledge acquisition or
learning from the previously unknown within the areas of the conceptual and concrete space
of the prototype. The knowledge acquired by the probes not only pertained to the particular
domain of the machine, but also to the process of creating the machine and its component
parts. Thus, we acquired knowledge by using probes on how to evolve the machine and how
to construct and run it, based on what it can visually output. The probes helped us create a
“richly textured but fragmented understanding of a setting or situation, to inspire what might
be” (Boehner et al. 2012). This approach does not explicitly define and reduce the machine
to a sole function but instead enables us to continually generate something visually, to
develop hidden potentials to be discovered or rediscovered. By using probes and probing the
prototype, we were able to create complex, associative and multi-layered maps (our chosen
output) that could be visually captured on the intended surface on which in turn new families
of association and structures of meaning were to be established. It pointed us in the direction
of Klecksography, a creative method where inkblots are used to create stories or poems
about the shapes formed by the ink. The uncertainty engendered by these ambiguous figures
was very much in line with what we expected in this early stage. As recorded sketches, they
“provide a flexible and dynamic external memory in which designers can place ideas for later
inspection, and they also present visual cues that allow designers to associate functional
issues with emerging structures” (Suwa and Tversky 1996; see also: Tovey et al. 2003). In
retrospect, the physical and computational space of the shadows in our first prototype was a
fairly straightforward process to construct, but for each probing activity, the level of
complexity increased and paved the way for even more new considerations regarding the
designed computation and the quality of the outcome—from methodological choices in the

“machine’s” design to parameterisation.

The Knowledge Horizon Trajectory model (KHT)

To be able to visualise and find a common ground in which we could identify and collectively
reflect on our prototyping activities, we created a model of our pursued approach of
prototyping. This was achieved by articulating a circular field, referencing the gravitational
centre of the established knowledge (see also: Nelson and Stolterman (2003)) in which our
compositional assembly was placed. For each probing activity, we then drew a line
(“trajectory”) from the model’s centre to show whether the probing activity confirmed our prior
knowledge—what we refer here as our knowledge horizon (KH)—whether it exceeded our
assumptions, or whether it pointed us in the direction of “unknown unknowns” (e.g., there
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may be aspects that are currently unknown to us, and we may not even be aware that we
lack knowledge of these areas.). In addition, the model facilitated our comprehension and
articulation of constraints, limitations as well as possibilities and potentials that extend
beyond the primary focus of the prototype, engendering discussions of potential issues and
concepts related to scenarios that have yet to arise. Furthermore, the metaphor underlying
the KHT can also be extended to further aspects. One such aspect to be discussed here is
the function of “gravity”, i.e. the autonomous force which influences and distorts the
“forcefield” established through the KH. In our model, the artist(s) could serve as such a
force, attracting distributed aspects/objects that already exist within the KH through their
sheer presence and, in particular, their personality (i.e., their “wilful obstinacy”/Eigensinn). By
transformational manoeuvring, (re-)combining and (re-)composing these (heterogenic)
aspects/objects, new constellations of epistemic objects can be created (i.e. new ideas
emerge), which, in turn, possess the potential to expand the KH through their own
gravity/inertia.

| |

3a 3a

Prototype space Probing results virtual prototype 1, 2, 3and 4 Probing resultts physical prototype 1, 2,3 and 4

Figure 2: KHT model with examples of a probe’s possible trajectories within the creative space in relation to the
‘knowledge horizon’.

From abstractness to concreteness: Applied examples of the
prototype’s epistemology

The following section aims to illustrate how we aggregated forward and noted the trajectories
exhibited in the KHT model by showing some specific examples of the probing activities that
we conducted with our prototype.

Probes used to explore, stress and play with specific known features inside
of the knowledge horizon (trajectory 1 in our model)

HDRI. Given that the intensity and position of light naturally have a significant impact on the
resulting shadow maps, even seemingly insignificant changes in the parameters of the light
sources resulted in substantial variations. Our initial approach to this phenomenon was an
attempt to “freeze” these parameters in order to establish reproducibility. Thus, the brightness
values on the tableau’s surface were transferred into a static 360° high dynamic range image
(HDRI). As this process is a standard procedure in computer graphics, it was determined that
this method could also be successfully applied to our prototype. However, it was also noted
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that this significantly restricted the ambiguity and unpredictability of our machine which, while
desirable in a “traditional” interpretation of a prototype, did not prove beneficial for our
paradigm of interaction, which focuses on the inspirational qualities of the “machine”.

Virtual camera. The generation and rendering of the shadow images were carried out in the
digital realm using a “virtual camera” that converted the shadow maps that had been created
through ray tracing into image files. As this “camera” is designed to simulate a physical
camera, it permits multiple parameters to be set, some of which had a significant impact on
the shadow images. Specifically, we probed the combination of animation and motion
blur/shutter speed, as well as the depth of field and digital noise through film simulation.
Although these experiments yielded interesting results, they ultimately confirmed already-
known information. In fact, they revealed yet another meta-level: due to the presence of
these alienation effects (“Verfremdungseffekt’) in the shadow images, they contaminated the
images of an ambivalent, unpredictable, virtual machine (our prototype) with artefacts of a
calculable, functioning and ultimately simulating system (the render engine).However, the
work on the camera’s parameters also highlighted how this plethora of settings required a
different and more intuitive input method that is capable of consolidating multiple individual
parameters into meaningful concepts, thereby enabling a creative form of “playing” with the
prototype. This probing endeavour is presented in the next paragraph.

Rigged multimodal interaction. To be able to exploit the multitude of parameters and
adjustments that are theoretically possible in the digital realm, we implemented a MIDI
controller that was directly connected to our CAD software and that was able to manipulate
and tweak six light sources simultaneously. Besides the more intuitive user interface, we also
merged some individual parameters into groups that can be tweaked using one haptic
knob/key. The results confirm the value of implementing a playful approach to interact with
multiple parameters simultaneously, as it facilitates a rapid understanding of the shadow
space and its unique characteristics for future parametrisation.

=200

Figure 3: Exploiting, layering, staging, posing, and composing.

Probes used to explore, stress and play with a specific known feature that
will eventually exceed/break the gravitational field of the prototype and
therefore exceed the knowledge horizon

Probing with different image formats such as tif, tga and png (trajectory 2a): In our
work on transformational stepping (see below), we noted that the dynamic range of 8-bit
images was not sufficient to produce high-quality displacement maps. Thus, the OpenEXR
file format with its 32-bit pixel depth will be our candidate in the next prototype. Since this
format features a broad range of capabilities that require a corresponding workflow, we
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expect that a more in-depth understanding of its capabilities will be necessary—which can
itself be developed through probing explorations.

Probing via a concept of transformational stepping using displacement maps
(trajectory 2b): In the quest of “moulding” a “mountain”, we used the concept of recursion in
a series of displacement map renderings. We tried to interfere with the machine by
introducing different masks (2D as well as 3D) into the machine’s recursive rendering
process to slowly steer it towards something that resembled the shape of a mountain. The
results were beyond our expectations. The mountain-like landscape included several
unforeseen properties and qualities and underlined that the prototyping processes, by using
lights and rotating objects, could produce quite complex results.

Figure 5: Transformational stepping. To interfere with the machine by introducing different masks into the machine’s
recursive rendering process, leading from map to a 3d printed model.

Since the generation of the “mountains” relied on the recursive use of displacement maps,
the quality of their rendering, as discussed in Section 2a, was found to be of exceptional
significance. This process also challenged the rendering engines that were utilised, pushing
them to their limits. By reusing and transforming 2D renderings—typically the final result of a
design process—into 3D objects, a plethora of quirks and errors in the images were
revealed, which would otherwise not have been apparent. It was noted that these subtle
errors that were revealed through this transformational process (Boden 2003) possessed
their own distinct and appealing aesthetic. Although the method of rendering in a CAD
environment is well-established (i.e. confirming the KH), the “overdriving” of this process led
to new insights. This trajectory takes the prototype from a stable to an unstable state, “at the
edge of the knowledge horizon”, until a new stable condition is ultimately reached that
exceeds the KH.

Unknown properties of the concept of the machines that were discovered
in unknown parts (negative space) of the prototype and that can be
introduced in the next iteration of the prototype

Trajectory 3a: The materiality of the disc became an issue and demonstrated how the
material aspects of the disc itself in both virtual and physical models are significant and will
be addressed in future prototypes. Should we deliberately play with different materials or lock
it as a static parameter, focusing on other aspects of the machine’s components?
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Trajectory 3b: Certain characteristics of the physical light sources we used were difficult to
transfer to the digital domain. Specifically, the LED optics exhibited chromatic aberrations
and diffractions that introduced highly “interesting” effects to the shadow images. We
discovered that each lamp possessed its own unique qualities, which could also be tweaked
by adjusting the optics. In principle, the digital prototype would be capable of reproducing
these unique qualities, provided the individual characteristics of the lamps were known.
However, it was the “haptic” and intuitive quality of the physical object that ultimately inspired
us to consider further exploration in this direction.

Constraints and limitations

Trajectory 4a: Self-lllumination: As previously discussed in the chapter on virtuality and
simulation, the goal of the physical and digital prototype was not to achieve complete
equivalence of both domains (i.e. implementing a “digital twin”), but rather to facilitate and
exploit the specific Eigensinn (“obstinacy”) of the respective medium. This allows for the
opportunity to create material properties in the digital prototype that are difficult or impossible
to replicate in the physical world, yet which still could impact the resulting shadow maps. For
example, we probed emitting, semi-transparent and fully absorbing materials for the
silhouettes. Since these properties of the material either demand specific measures or

cannot be replicated at all with the physical prototype, we hit a hard boundary with this probe.

Although they were initially frustrating, these constraints also nurture the creative process
since they define and outline the “conceptual space” for each respective domain. It therefore
becomes apparent why the prototype’s transformations and its general transformative
qualities are of such importance to the creative process: By translating from the digital into
the physical realm and vice versa, the specific Eigensinn of the opposite domain becomes
apparent.

Trajectory 4b: An observation that we were able to make by utilising the haptic prototype
was the specific characteristics of the light sources we employed. The attributes of said
sources (such as beam angle, falloff, etc.) also defined the physical dimensions of the
prototype. While in a digital environment, a light source can be infinitely small or infinitely
distant, this is not possible in a physical space. Here, we encountered a hard boundary that
constrained the replication of the properties of the digital prototype in the analogue realm.

Playful explorations towards a second prototype

Skopéin

While previous investigations yielded distinctly digital outcomes, on this occasion, a digital
prototype was employed as an “instrument” to furnish input for a media art installation titled
“Skopéin”. The installation was exhibited from late August to September 2022 at the
Stadtkirche in Karlsruhe and explores the symbolic nature of the depiction of a “Heavenly
Jerusalem” through an immersive 8m x 8m projection (Figure 6).
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Figure 6: The Skopéin-Installation in the main church in Karlsruhe/Germany.

The artwork acknowledges the “atmosphere” of the venue by incorporating the colour
scheme and the brutalist architecture of the church in its aesthetics. The projection, which
comprises a 120-second animation, reduces the topos of a “Heavenly Jerusalem” to a pure
abstract formal language. This animation was exclusively created in digital space by creating
and animating an abstract and perpetually unfolding object, algorithmically. Through its
reflective surface, the object depicts and distorts its surroundings which are visible in the
multiple reflections, thus conferring the significant importance of these environments,
although they can only be perceived “indirectly”. These environments were generated using
our prototype by inverting the “mountains” produced in the “mountain probe” (see above),
resulting in cave-like structures.

Figure 7: Maps transformed into 3d geometry illuminating it using various light sources as probes revealing and creating
abstract spaces.
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In these “caves” we manually placed lights as probes, both exploring the cave and illuminating it
using various light sources, thus enabling the creation of highly abstract and “engaging”
environments that fully met our aim of creating an abstract Jerusalem that might exist in the
heavens.

Figure 8: Examples of illuminated “caves” produced by maps created by the machine.

The seemingly trivial transformational characteristics (grayscale image to 3D displacement)
proved to be instrumental in providing valuable content by breaking the otherwise
deterministic structure of a procedurally generated digital image by exploring features of the
“cave” space with different light types to articulate its spatial qualities. Later we exploit each
lightsource's respective properties in order to facilitate the appearance of “interesting”
artefacts and errors while illuminating parts of the cave. In contrast to true randomness
(which would have been an algorithmic alternative to breaking the deterministic nature), the
“caves” still incorporated some degree of order. In retrospect, it can be stated that the
success of this artwork can be traced to these particularities since they produced visual edge
cases, in which the image oscillates between symmetry and chaos (Figure 8). As already
outlined, creativity emerges in a “conceptual space” that embraces ambiguity and renders
the expected finality to an affordance with no final conclusion. This phenomenon is not only
relevant to the artist in the production process, but also to the audience of the artwork.
Consequently, the artwork’s edge cases function as an affordance to facilitate the audience’s
imagination. Thus, the “Heavenly Jerusalem” is synthesised in each contemplative act.

SoundScapes

The final transformation that we wish to expound upon in this discourse, which seamlessly
aligns with the interaction paradigm we already conceptualised as “playing”, can be observed
in our “SoundScapes probe”. This study utilised the physical prototype that features a video
camera mounted above it that captures footage of the central tableau whereupon the shadow
images are cast. Utilising the Processing programming language, the camera data is
converted in real time into MIDI signals, which can then be transmitted to synthesisers or
other MIDI-enabled instruments, such as samplers or drum machines. For this process, the
individual colour channels of the camera's video feed were split and compressed to conform
to the range of values that the MIDI protocol can accommodate.
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Figure 9: Screenshot of the Soundscape-project: the life camera feed (top left image) is converted into MIDI-commands
(top right image) via Processing. Bottom image: The whole setup where the prototype is steering a synthesiser.

As illustrated in Figure 9, we also developed a rudimentary graphical user interface (GUI) to
facilitate the alignment of the camera with the tableau and control the mapping of camera
data to MIDI commands. While MIDI is capable of processing a wide range of control and
notation data, we are currently only utilising a small subset of its capabilities, specifically,
NoteOn, NoteOff, velocity, pitch and channel. Despite this limitation, our initial results have
been promising as the setup allows us to play the machine like an instrument by altering the
configuration of the silhouettes or the rotation of the concentric rings. In this manner, the
shadow maps are transformed into a serial “score” that can be progressively read and
interpreted. These promising results also provide the framework for contemplating a further
experiment that utilises a digital prototype in lieu of a physical prototype. As already outlined,
we have previously experimented with MIDI input devices which, in the context of the
soundscape probe, can now be expanded to include the component of output if we use the
digital prototype in a real-time rendering environment. In this manner, the prototype is
transformed into a genuine virtual “instrument” that can be “played” but still incorporates the
creative momentum that is created by the ambiguity and the unexpectedness of an
inspirational device. Through this setup, whereby users interact with the instrument, they
create a conceptuall/virtual space—hence the name SoundScape—which corresponds with
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the creative space that is contoured by our model of the KHT. Therefore, the instrument both
is and creates spaces, which users can decide to explore and exploit.

Preparing Iteration 2 of the machine

Even though the initial prototype produced intricate shadow images using basic shapes, we
aimed to incorporate more detailed silhouettes in the subsequent prototype. Inspired by
Peter Greenaway’s project “100 objects that represent the world” (Greenaway, 1992), and his
method of using symbolic items to communicate the life on earth, we set out to apply this
method under the paradigms of our prototype: On the one hand, we are thereby exploiting
Greenaway's project structure, and on the other hand, we are setting the stage for our own
exploration, which seeks to determine which objects should be employed in the second
iteration of the machine.. We ended up with a collection of 31 silhouettes in three different
scales and appearances that possess a high degree of visual appeal (i.e. “interestingness”),
in three distinct dimensions to address trajectory 1 in our model (Fig. 10). This was done in
order to further “probe” with parameters and further exploit layering, positioning, posing, and
composing within the new shadow space on the surface.
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Figure 10: The new set of silhouettes developed for the next prototype.

In addition to our experimentation with the virtual light properties, we also conducted tests
with their physical counterparts to investigate the disparities between the two, despite their
comparable scale. As depicted in Figure 11, we utilized a constructed light rig featuring three
distinct silhouettes to playfully explore and quantify the angles, intensity, and distance of the
physical LED-based lights to acquire a more thorough understanding of where to place the
lights and at what angle. This was done in order to identify the optimal positioning of the
lights and silhouettes to interact and generate shadows on our circular surface. As a result of
this pre-prototype activity, we made several modifications to our design. Specifically, we
transitioned from flat to elevated rings to enhance the distribution of the silhouettes' shadows
across the three rings, altered the overall composition density by reducing the number of
silhouettes from 48 to 31, and employed prime numbers (7, 11, and 13) as fixed positions of
the shadow casters on the concentric rings to minimize overlap.
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Figure 11: 3D printed light rig for playful and direct interaction with the light source, to rapidly understand which angles
and distances of the lighting are most favourable.

Conclusion

Through the work and experiences described in this paper, we would like to emphasise that
increased complexity in creative development still calls for both disciplinary depth and
integrative skills when working with prototypes. Thus, there is a demand for a deeper
challenge between virtual and physical objects, and a desire to explore their incompatibilities,
rather than merging them together into one. When we engage in such activities and have
ideas and concepts that emerge out of vague situations, prototyping using different media
and materials plays an important role in conceptualising the known and unknown. We can
never initially know whether the compositional assembly is appropriate or suitable, or if the
chosen or created components are insufficient. Here, we would like to address the
importance of imagination, bridging us from the proverbial what-is to the what-if (Hopkins
2019). The model we initially used soon began without any intention from our side to function
as a notation system, a cumulative way to mark our findings in the KHT model while
designing, tweaking, and testing the prototype and the parts as we progressed. This helped
us to document our findings and shortcomings, inside of the knowledge horizon within the
model. Using the trajectories to direct us to new areas of unexplored terrain, provides us with
what might also be used in the next prototype iteration. Finally, in relation to our work on the
prototype model, we would like to emphasise that in prototyping activities, it is important to
know when to explore new ground by directing your attention elsewhere, and when to exploit
and look more deeply at the material you have at hand.
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Abstract

Tangible, Embedded, and Embodied Interactions (TEls) can support children’s physical activity through
play, by leveraging technology and children’s bodily movements. However, many existing TEls have been
focused on older children, and they offer limited interactions that are not comparable to physical activity. In
this paper, we report on our investigations of the design of TEls to inspire new forms of active play, to
create opportunities for preschool children to engage in physical activity. We designed the Bee Buzz
Buddy, a digital toy that provides multiple forms of digital prompts and direct feedback to children’s bodily
inputs to invite active play through games. These games involve aspects of pretence, role play, and
imaginative play. This paper describes the process conducted to arrive at the concept of the Bee Buzz
Buddy, then presents the design details and the interaction scenarios. We conclude by presenting the next
steps, including iteratively evaluating aspects of interaction to improve the design.

Active Play; Children; Digital Toys; Interaction Design; Tangible Embedded and Embodied Interactions

Many children aged 3 to 5 years old do not participate in adequate physical activity (McNeill
et al, 2020). This is problematic because physical activity is important to children’s well-
being, motor skills development, and school readiness (Duncombe, 2019). Children tend to
participate in physical activity through play, particularly active play (Brockman et al., 2011).
Through active play, children can expend energy in a freely-chosen, fun, and motivating
manner (Truelove et al., 2017). However, young children’s opportunities for active play may
be restricted. At home, the most significant barrier that children experience to their daily
active play is limited space - e.g., apartments lacking adequate space (Hesketh et al., 2017).
In outdoor playgrounds, challenges include a lack of play equipment or play facilitators, the
impact of weather, potential safety risks, and the fact that young children rely on their parents
for transportation and supervision. Additionally, Tandon et al. (2015) identified that children’s
activities in childcare centres were 73% sedentary. Consequently, for many young children,
their active play is limited by external factors. Therefore, young children should be provided
with appropriate materials to support them in active play, which will create opportunities for
them to be physically active.
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Building upon our extant work, in this paper we present the design of Bee Buzz Buddy
prototype, a digital interactive toy designed for encouraging young children’s active play by
facilitating Tangible, Embedded, and Embodied Interactions (TEIs). The prototype can
provide children with a wide range of activities, where children can exert themselves and
practice their Fundamental Movement Skills (FMS) (i.e., locomotor, body management, and
object control skills) through games. These games involve aspects of pretence, imitation, role
play, and imaginative play. These aspects are not only beneficial for children’s physical but
also social and cognitive development (Lynch et al., 2017). In this paper, we start with an
overview of related work and describe the design process for this prototype, including the
methodology and the research conducted to arrive at the final concept. We conclude by
describing the limitations and the next steps.

Related Work

Children’s Play

Play is essential to preschool children’s development. Through play, children refine their
physical abilities such as coordination and muscle strength (Cammisa et al., 2011), and they
also develop their self-concept and creativity (Pellis & Pellis, 2007). Play is diverse, as
illustrated by the varied types of play (Sutton-Smith, 1997). In this paper, we focus on active
play and imaginative play. Active play involves children in games and playful activities,
making them “huff and puff’ (ACT Government, 2020). Imaginative play allows children to
immerse themselves in an imaginary scenario and act out pretend roles (Sawyer & Brooks,
2021). It is predominant in preschool children’s play activities as they develop their
intellectual and communication abilities (Howard, 2013). Therefore, we believe that blending
imaginative play with active play offers an approach to address young children’s physical
inactivity, which can also be beneficial for their creativity and communication development.

Active Play

Active play is a child’s version of physical activity (Truelove et al., 2017). We have drawn
together the perspectives of education (Pellegrini & Smith, 1998; Swift, 2017), early
childhood development (Pakarinen et al., 2020), and health (Brockman et al., 2011; Truelove
et al., 2017) to define active play as a combination of fine and gross motor activities that
impacts early childhood development, in which children exert energy in a freely chosen, fun,
and motivating manner. Active play can involve various of contexts including indoors or
outdoors, structured or unstructured, solitary or social, and gamified activities (Tarlinton et
al., 2022). We understand that active play is quite broad, encompassing a wide range of
activities and contexts.

Through active play, children can practise their Fundamental Movement Skills (FMS), which
they need to be proficient at in order to take part in complex games and learning as they
grow (Swift, 2017). Activities that target different FMS may require different toys or
equipment. Locomotor activities are where children transport their bodies from one place to
another (Goodway, 2021), such as running and jumping. Therefore, it is common for children
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to participate in such activities without any toys or play equipment. It is different for object
control activities, as they require children to control objects such as balls, hoops, and ribbons
(Wick et al., 2017). Lastly, body management activities are where children balance their
bodies in stillness and in motion (Goodway, 2021), such as rolling and climbing. Children can
engage in such activities with or without objects. For example, dancing is a type of body
management activity that does not require any objects, while climbing requires objects (e.qg.,
playground equipment) for children to climb on.

Imaginative Play

The terms symbolic, imaginative, and pretend play have been used interchangeably in the
literature. In this paper we use the term imaginative play. It is unique from other forms of play
in that it includes imaginative elements, where children impose imagination or ‘pretend’ on
reality (Weisberg, 2015). Often imaginative play allows children to act out imaginary
scenarios, role-play (e.g., playing mummies and daddies), and explore cultural elements
(e.g., media). Imaginative play is often the most evident through children pretending that one
object is another (Lillard, 1993). Engaging in imaginative play is important for young
children’s social and emotional development (Rao & Gibson, 2021).

Imaginative play can also provide motivations for children to be physically active by
containing a role and a pretend situation in play (EI'Konin, 1999). The connection between
physically active play and imaginative play is evident in the literature. For example, in a study
of children’s preferences for active play, Harris (2018) identified a connection between
children’s outdoor active play and imaginative play, where children largely described
imaginative elements in connection to physically active play, such as pretending to be
animals, or imagining that they are in a jungle. Additionally, during the COVID-19 pandemic,
U'wais et al (2021) found that imaginative play was a motivating factor for engaging in active
play, such as engaging in imaginative play relating to TV characters or pretending to travel
(an activity that was restricted during the pandemic).

Tangible, Embedded, and Embodied Interactions for Active Play

Tangible, Embedded, and Embodied Interactions (TEls) present new opportunities for young
children’s active play. TEIs’ characteristics of tangibility, spatiality, embodiment, and
embeddedness enable them to encompass a wide scope of systems (Hornecker & Burr,
2006). These systems allow people to physically interact with computational objects in the
real world (Frauenberger, 2020). As opposed to traditional interactions that utilise graphical
user interfaces, these systems are more intuitive for children (Desai et al., 2019). This is
because young children have minimal or developing literacy skills, while such systems utilise
children’s senses (i.e., hearing, touching, and sight) to communicate.

Materiality empowers TEls to stimulate children’s senses (Hornecker, 2011). Physical
materiality refers to the tangible features (e.g., size, shape, colour) of TEI systems (Ardevol
et al., 2016), serving as the representation and control of digital information (Cardoso &
Ribeiro, 2021). Physical materiality provides clues for people to discover the actions they
could perform with physical objects (Gibson, 2014), while digital materiality represents the
intangible features of TEI systems (Ardevol et al., 2016). Intangible features are the digital
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outputs from the systems, which can act as prompts to initiate an activity, as attractions to
stimulate children’s interests, and as feedback to respond to children’s actions (Wang et al.,
2022). Through digital outputs, children understand the meanings of their actions (Leonardi,
2010). Therefore, effective interactions with TEI systems require careful configurations of
materiality, both digital and physical.

Materiality has been widely embedded in the practice of TEl systems design. ‘Gum’ as an
example, is an interactive toy that encourages children to take care of it through participating
in physical activity to make it healthier and happier (Leal Penados et al., 2010). Its physical
materiality, the soft material, conveys information that it is a cuddly toy. Also, its portable size
informs children that it could be carried around. On the other hand, the digital materiality
helps children to understand their actions. For example, acting as prompts, the ‘Gum’ can
talk and emit sounds to express its mood so that children know how much physical activity
they need to take part in. Further, acting as feedback, it can light up in its body and vibrate to
communicate.

The design and implementation of materiality significantly affect children’s interactions with
TEI systems (Seo et al., 2015). Physical materiality plays a dominant role in attracting
children to engage in active play activities (Wang et al., 2022). For example, a TEI system in
a larger size (e.g., a playmat) or in a particular shape (e.g., a ride-on toy) can commonly
encourage active play because it can physically afford children’s whole-body movements. In
comparison, some TEI systems also rely on digital materiality to invite active play. Our
previous explorations identified that commonly observed digital features can be auditory
(e.g., verbal instructions), visual (e.g., LED lights), and tactile (e.g., vibrations) (Vickery et al.,
2021; Wang et al., 2022). These digital features become an important tool for communication
between children and the system.

Recognising the important roles of materiality, we have identified gaps with existing TEI
systems. First, few TEI designs were targeting 3- to 5-year-old children (Wang et al., 2022).
However, young children are at an important developmental stage, and they develop
dramatically as they grow (Canning, 2020). Systems designed for older children can be over-
complicated for 3-to-5-year-olds to use. Second, many TEI systems failed to provide digital
responses directly to children’s bodily movements (Vickery et al., 2021). Yet, it is vital for a
TEI system to provide direct and specific feedback to children’s physical movements to
successfully initiate and maintain their engagement in active play. Therefore, we see the
opportunities to design TEls specifically for young children, to encourage age-appropriate
physical activities without restricting their imagination, novelty, and free play.

Design Process

Our design process has been realised primarily through a Research through Design (RtD)
approach, accompanied by a series of methods including design space exploration, design
thinking and user consultation. RtD has been shown to be useful in tackling problems that
have not been solved in other ways (Blackler et al., 2018). Considering our project is aiming
to help young children to become physically more active with the mediation of digital
technologies, the RtD approach allows us to identify current problems with existing systems,
iteratively ideate solutions, and empirically test determined solutions to evaluate their
effectiveness.
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The first stage of our design process included developing a rich understanding of the space.
We adopted the design space exploration method, which allowed us to understand young
children’s current experiences with active play in their daily life. We conducted empirical
research to gain this understanding. Herein, we conducted a scoping review of relevant
literature as presented in Vickery et al. (2021), analysis of commercialised products as
reported in Vickery et al. (2022) and Wang et al. (2022), and semi-structured interviews with
parents and early childhood teachers as discussed in Tarlinton et al. (2022). From these
explorations, we aimed to understand the barriers to, and facilitators of, preschool children’s
participation in active play. Table 1 summarises the established design objectives to address
the identified gaps from our explorations.

Table 1 Correspondences of Findings and Objectives

Design Objective Identified Gap

Transform sedentary Screen-based technology (e.g., iPad) was the most
screen time to active play common digital equipment children use (Tarlinton et al.,
by disregarding any forms 2022).

of screens

Screen-based technology was prevalent in the literature
around TEls (Vickery et al., 2021).

Design age-appropriate Many commercialised TEls targeted broader age
activities that adapt to groups (Wang et al., 2022).

children’s developmental

changes as they grow Literature around TEls was for older children

(particularly 5-9-year-olds) (Vickery et al., 2021).

Exploit children’s interests Locomotor activities were most commonly engaged in
in locomotor activities to (Tarlinton et al., 2022).

practise their FMS

Stimulate children’s Children often incorporated sociodramatic play and
interest and imagination made-up games into their active play (Tarlinton et al.,
by encouraging 2022).

imaginative play and
inviting games

Led by these objectives and the results of our design space exploration, the research team
took part in a design sprint, as a part of a design thinking process (Cross, 2006). During this
sprint, we ideated a series of ideas to address the gaps identified in Table 1 (see Figure 1).
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Figure 1: Examples of the Concepts Produced During the Team Design Sprints

The ideas developed from this session were further ideated and grouped together based on
three conditions: 1) the physical existences (i.e., wearables, objects and toys, spaces, and
playgrounds); 2) the featured themes (i.e., buddies, music and dance, film); and 3) the types
of interactions (i.e., social, individual). Figure 2 shows the nine groups identified.
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Figure 2: Design Ideas Categorised into Groups: (1) Objects and Toys, (2) Buddies, (3) Wearables, (4) Spaces, (5)
Music and Dance, (6) Film, (7) Games, (8) Social, and (9) Playgrounds.

We then evaluated and selected ideas from these categories. This was achieved based on
the criteria developed from stakeholders’ needs as well as feasibility of development.
Stakeholders include children (i.e., the child themselves and their friends/siblings/peers), and
adults (i.e., parents, caregivers, and early childhood teachers). We combined the insights
from observations, interviews, and scoping reviews conducted in our design space
exploration as well as from the literature to develop a series of selection criteria, as listed in
Table 2.
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Table 2 Criteria Developed Based on Stakeholders’ Needs to Assess Design Ideas

Criteria Description

Flexibility The designed activities should not be limited by space, meaning that
children can participate in the activities in both indoor and outdoor play
environments.

The activities should allow for individual play so that they would not be
restricted by the number of players.

The prototype should be usable with other playthings (e.g., bikes,
scooters) to uncover more interaction scenarios.

Novelty The designed TEI should invite active play through games. Games
can attract children’s attention by stimulating their curiosity and
providing challenges to act as a motivation factor (Yanez-Gomez et
al., 2019).

The designed TEI should also allow for role play and imaginative play,
pretence, and imitation, to stimulate children’s interests in imaginative
play and made-up games.

Physical The prototype should be portable and lightweight to be conveniently
Features carried around and used in multiple contexts.

The appearance of the design should provide inspiration for children’s
imitation, role play, and imaginative play.

Digital Digital outputs should play a vital role in children’s interactions with the

Features TEls to enhance their play experience (Wang et al., 2022). At the point
of interaction, digital features should attract children’s interest. To
initiate an activity, digital features should provide affordances to
encourage children’s embodied movements. During the interactions,
digital features should provide direct feedback to children’s physical
movements.

Based on the criteria, we selected seven ideas including collective hive (bee toy that reacts
as a group), bee buzz buddy bits, backpack buddy, interactive hide and seek, beehive or bee
dance, games with discovery, and wearables with different feedback. The Bee Buzz Buddy
presented in this paper is an integration of these ideas. By employing a bee metaphor, it
engages the child in pretend play to stay active. It is designed to stimulate children’s sense of
novelty by allowing for imaginative play. The prototype is also designed to be portable so that
it can be used in various contexts that allow for flexibility. The design includes multiple
games, not only allowing for discovery but also adding another dimension of fun to traditional
games (e. g., hide and seek). The Bee Buzz Buddy features music and songs along with
other forms of digital features including vibrations and light effects, where children’s
experience can be further enhanced.



Bee Buzz Buddy

The Bee Buzz Buddy prototype presented in this paper is developed as part of a larger
project, exploring how TEIs can be designed to offer new opportunities to promote sustained
engagement in preschool children’s active play and support their development. The project
aims to establish a framework to guide the future design of technology-augmented
experiences for active play. The prototype is a mediator for us to gather information about
children’s active play experiences with TEls and build our framework. The prototype is not an
end in itself.

Prototype Design

The final design of the prototype consists of an interactive bee toy that children can carry
around. The design is illustrated in Figure 3. It is designed with four games that target
different FMS, including Animal Jumps, Hide and Seek, Run to the Beat, and Explore. The
design does not require any abstract input tools such as the traditional joysticks or controllers
for game play. Instead, the entire state of game play is embodied within the Bee Buzz Buddy,
where all the interactions occur through the soft bee toy.

LED
Lights

Control Panel Batteries
& Electronics

Figure 3: Overview of the Bee Buzz Buddy Design

The prototype uses an Arduino microcontroller to track user movement and facilitate tangible
activities with children. Figure 4 is an overview of the components we used to develop the
prototype. The Bee Buzz Buddy features a simple push-button interface for basic
functionality such as activity selection and an Inertial Measurement Unit (IMU) sensor to
detect specific types of movement required from the user during the activities. These inputs
are processed by the microcontroller to trigger feedback from a haptic motor module, an LED
ring module, and an MP3 module with a speaker. These modules are used to provide tactile
and auditory feedback to encourage play and enhance the user experience. The device also
incorporates a real-time clock and a data logger to track usage data so the researchers can
understand when and how the participants are using the prototype.

The electronic componentry is then mounted into a soft bee toy using two electronic
housings. The primary housing contains the microcontroller, battery pack, real-time clock,
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data logger, and MP3 module with the speaker. The secondary housing contains the input
buttons, LED ring, and haptic motor modules. The two housings are both mounted within the
main body of the toy. The primary housing is placed to the centre of the main body beyond
children’s reach, whereas the secondary housing is close to the surface of the toy so that
children can press the buttons and receive the feedback.

@ LED Ring @ Data Legger
@ Push Buttons @ IMU Sensor

(® Haptic Motor (D MP3 with Speaker
@ Real-time Clock Arduino Microcontroller

Figure 4: Hardware Components and Wiring of the Prototype

Children’s Bee Buzz Buddy Activities

The Bee Buzz Buddy can be switched on with a simple button push, and it indicates it is on
with rainbow LED lights. The child is then verbally prompted to select a game to play (see
Figure 5).

The Bee Buzz Buddy
vibrates, blinks LED
lights, and prompts the
child to select a game.

A child is carrying the The child switches on
Bee Buzz Buddy. the Bee Buzz Buddy.

Figure 5: Storyboard Shows the Beginning of Interaction

o1



Game 1 Animal Jumps

This game specifically encourages jumping and stomping that relate to children’s locomotor
skills. To participate in Animal Jumps, the child is asked to mimic the jumping behaviours of
an animal. When the device registers that the child has performed a jump, the Bee Buzz
Buddy plays a jumping sound effect, vibrates, and lights up to provide direct feedback to the
child’s bodily movement inputs. In this game, the Neo Pixel LED ring acts as a “loading bar”,
where the lights build up as the child jumps (see Figure 6). Figure 7 shows the interaction
scenario of Animal Jumps.

Jump long and high,
just like kangaroos!

The child selects the The Bee Buzz Buddy
Animal Jumps game. gives verbal prompts.

The Bee Buzz Buddy vibrates, builds up LED lights, and
plays background music to the child's jumps.

Yay! You did The Bee Buzz Buddy
el gives verbal feedback.

Figure 7: Storyboard of Animal Jumps Interaction Scenario
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To register the “jump event”, the toy uses an accelerometer which is a type of IMU sensor.
When the child performs a jump, the toy tracks the change in acceleration within the vertical
axis. When this change in acceleration exceeds the set threshold value, the sound, vibration,
and light outputs are triggered. A simple debounce function was used to filter out any
extraneous events and ensure the output functions were only executed once for each jump.

Game 2 Hide and Seek

In the Hide and Seek game, a second person hides the Bee Buzz Buddy toy while the child
tries to find it. The toy also has a countdown timer displayed on the Neo Pixel LED ring,
which shows the person hiding the toy how much time they have left to hide it. Once the
timer runs out, the toy is ‘armed’ and ready to detect movement. If the toy registers
movement that exceeds a certain threshold, it determines that the child has found the toy
and picked it up. To do this, the toy uses all nine degrees of freedom (DOF) provided by its
IMU sensor to track changes in its location and orientation. During the game a secondary
timer also runs to determine the game’s duration, and once a set threshold has been
exceeded the toy provides audio clues to assist the child in finding it. Figure 8 shows the
interaction scenario of the Hide and Seek game.

7
The child selects the The Bee Buzz Buddy
Hide and Seek game. gives verbal prompts.

== Vi

Someone hides the Bee The child finds the Bee Buzz
Buzz Buddy. Buddy as it counts down.
The Bee Buzz Buddy

- vibrates, blinks LED
| lights, and responds with
e verbal feedback once the
4: . child found it.
/1%,

Figure 8: Storyboard of Hide and Seek Interaction Scenario
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Game 3 Run to the Beat

Run to the Beat aims to help children to practice locomotor skills (i.e., marching, walking, and
running), and exploits music to gamify the activity. Figure 9 shows the interaction scenario of
this game, where the Bee Buzz Buddy plays music with modulated rhythms, and the child is
told to speed up and slow down in order to keep up with the rhythms. This causes the toy to
vibrate with each step it registers, encouraging the child to time their footfall with the music.
The Neo Pixel LED ring also acts as a “loading bar” in this game (see Figure 6), where the
lights build up as the child runs faster and recede when the child slows down. This offers a
more straightforward visualisation of children’s movement intensity. This is achieved with a
similar method to that used in Game 1, with a change in acceleration along the vertical axis
used to determine a “footfall event”. However, in this instance, the toy looks for the contrary
motion in the IMU sensor which occurs when the user’s foot hits the ground. Based on these
“footfall events”, the device then calculates the duration between each footfall to roughly
calculate the child’s movement intensity.

The child selects the The Bee Buzz Buddy gives

Run to the Beat game. verbal prompts then starts to
play background music.

The child runs with The Bee Buzz Buddy gives
changing speed as the verbal feedback and

music changes. The Bee challenges the child with a
Buzz Buddy vibrates and harder mode (plays a faster
blinks with LED lights to the beat).

child’s steps.

Figure 9: Storyboard of Run to the Beat Interaction Scenario
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Game 4 Explore

In the Explore mode, children can play in their preferred ways with any of their preferred toys.

This game aims to encourage children’s imagination and unstructured free play by prompting
them to imagine themselves as a bee and play however they like. Children can also play with
their other toys in this mode, where the Bee Buzz Buddy can add another dimension of fun
and enjoyment to these toys by providing digital stimuli. When the game begins, the Bee
Buzz Buddy is ready to detect any movements of children, and it responds with blinking LED
lights and vibrations. It also gives prompts to children if no movements are detected in a
certain time. Example prompts include waggling, ‘flying’, and running in circles like a bee.
Explore mode adds to the flexibility of the Bee Buzz Buddy, which makes it suitable to be
used in broader play contexts. Figure 10 is an example interaction scenario in the Explore
mode.

The child selects the The Bee Buz=z Buddy
Explore game. verbally prompts the child fo
explore.

The Bee Buzz Buddy gives further prompts if the
child gets lost and does not know what to do.

The Bee Burz Buddy vibrates and blinks with LED
lights to respond to the child's movements.

Figure 10: Storyboard of Explore Interaction Scenario
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Testing the Bee Buzz Buddy

The Bee Buzz Buddy prototype is a mediator for us to gather information about children’s
active play experiences and build our framework. We have been pilot-testing the prototype to
ensure it is safe and usable for young children and ready for further studies in lab-based
settings and in people’s homes.

Pilot Testing and Evaluation of the Initial Design

We conducted a pilot test with the children (4 and 6 years old) of one of the investigators to
explore the prototype’s usability and the engagement with different game modes. The test
went for one hour and it was conducted at the participant’s house. The prototype tested was
a Bee Buzz Buddy backpack worn by the child (see Figure 11). The test included three
games: Animal Jumps (AJ), Hide and Seek (HS), and Run to the Beat (RB). Games were
selected by pressing the dedicated button on the backpack strap.

Embedded
| Speaker
W, C@*—-'

= .m
Animal
Backpack P Jumps
rap Run to ;
Straps Q e ot g;d:kand
Vibrations 0

Coloured LED Lights

Figure 11 Overview of the Initial Design

The main outcome of the pilot test was to change the design from a backpack to a toy that
could be carried. This was because the participant felt uncomfortable wearing the prototype
as a backpack and also because the control panel made the straps unbalanced, which
meant they could easily fall off. However, the child responded positively to the suggestion to
hold or cuddle the Bee Buzz Buddy like a toy.

Looking at our design criteria, we made the following observations during the pilot test:

Flexibility: no space limitations were observed when the participant was engaging in the
games. AJ and HS were designed for indoor play, and it was observed that the participant
only needed a small space to play the two games. While RB was designed primarily for
outdoor play, the participant could still play the game indoors, such as by running in circles.
For AJ and RB, the participant played by herself, while she played with her sister for the HS.
We did not instruct the participant to use the prototype with other toys, therefore it remained
unclear whether the prototype would enhance children’s experience with other toys.

Novelty: the prototype successfully encouraged the participant to actively engage in the
designed games, especially HS. One researcher hid the prototype in a bathroom, and the
participant appeared to be having fun finding the prototype with her sister. The prototype also



succeeded in encouraging imagination and imitation, as she attempted to mimic the animals
in the AJ game.

Physical Features: the participant found it uncomfortable wearing the prototype primarily
due to unbalanced straps and weight of the control box on her shoulder. Additionally, having
the control panel on top of a strap unavoidably resulted in wiring difficulties. Potential
difficulties include exposed wires, or the wires had to go a long distance inside the bee toy
that challenged the enclosure of digital hardware.

Digital Features: the participant showed great interest in the prototype’s verbal responses,
music, and vibrations, while she found it tricky to see the LED lights on the straps. This is
associated to the physical design of the prototype, where the LED lights were placed on the
strap at a difficult angle that made it hard to observe while engaging in the activities. We also
observed that the verbal responses could be hard to hear, especially with the HS game when
the prototype was hidden.

Next Steps of Testing

The pilot test led to the current prototype presented in this paper, which addressed the
observed usability issues. The current prototype is ready for rigorous testing, which will
include two steps. The first step will be rounds of rapid (10 to 20 minutes) lab-based testing
sessions with young children and their parents or caregivers. By combining the user
consultation method (Woolner et al., 2007), we will gather target users’ reflections and
stakeholders’ opinions, and the presented prototype will be refined and adjusted to make it
robust before being employed as part of a longitudinal study. The second step of testing will
be longitudinal over a 6-month evaluation period. This is to test the sustained engagement
aspect: whether children remain engaged with the prototype over more than a few hours or
days.

Limitations

Limitations of the prototype from the development perspective are primarily about recharging
and accuracy of movement detection. In terms of recharging, users will have to open the
device, remove, and recharge the batteries regularly over the research period. The
inconvenience of recharging could potentially become a dis-engagement factor. Additionally,
the prototype could not always detect children’s actions accurately considering the potential
complexity of their bodily movements as they participate in the activities. The inconsistency
of movement detection of the prototype may result in absence of feedback to children’s
actions. Lack of feedback could also result in dis-engagement during the longitudinal study.

Conclusions and Future Work

In this paper we have presented the design of the Bee Buzz Buddy prototype, a digital toy
that provides opportunities for preschool children to engage in active play through games. It
is designed as part of a larger study. The study aims to establish a framework for designing
TEls to increase and sustain preschool children’s engagement in active play. The prototype
will be used as a tool to gather information and help us to build the framework.

97



The Bee Buzz Buddy prototype blends imaginative play and active play, to benefit children’s
physical, social, and communication development. It is designed with four games that
specifically target preschool children’s developmental capabilities, which require children to
utilise their senses to communicate and complete the activities. With minimal communication,
the prototype conveys prompts and feedback via sounds, music and songs, lights, and
vibrations. Additionally, these prompts and feedback respond directly to children’s bodily
movements. This addresses our previous finding that providing direct and specific feedback
to children’s physical movements is vital for a TEI to effectively promote active play among
young children. We highlight an opportunity for future development of the Bee Buzz Buddy
by adding a social dimension. By employing a beehive metaphor, the Bee Buzz Buddy can
be further adjusted to be used by multiple children. This will uncover numerous new
interaction scenarios for social play.
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Abstract

Cities around the world are confronted with the unprecedented grand challenge of reaching carbon
neutrality. Policymakers need support in translating the abstractness and complexity of the net zero
goal into concrete actions. A prototype has been developed to support urban policy makers in
understanding, selecting and tracking the implementation of social innovation approaches as levers to
reach climate neutrality. The creation of the prototype develops new knowledge by synthetizing
contributions from academic literature, case studies, and experts’ opinion, based on cities’ needs, and
is embodied into an interactive tool of social innovation actionable pathways for climate neutrality.
Testing the prototype with policymakers provided insight into cities’ envisioned interaction with the tool,
leading to the redesign of the prototype into a more engaging interactive tool, and an integrated
approach with more technical solutions. The developed prototype categories were based on a
synthesis of scientific articles, and bottom-up information from 36 practice-based cases of social
innovation for climate neutrality. The design and development of the prototype of the social innovation
actionable pathways tool has been informed by the analysis of cities’ needs conducted within the
NetZeroCities project, which supports 112 European cities in reaching climate neutrality by 2030. A
team of experts aggregated the large amount of information derived from literature, cases and users’
needs into a pathway and visualized it in an interactive diagram, with the aim to support strategic
decision making at urban level, by lowering information overload, providing visual guidance. The
testing phase results provided further knowledge: a more engaging visual tool was perceived by
policymakers as valuable to start considering social innovation actions in their cities’ policies, due to
the scarcity of policy makers’ time and understanding of social innovation’s contribution to climate
neutrality. Interaction design could support policymakers in better strategizing.

Social Innovation; NetZero; Knowledge Visualization; Interactive Design; City

Designing services to support policymaking and the development of urban action plans has
the potential to provide a relevant impact on shaping how the future could be. Politicians and
policymakers are confronted with the complexity of grand challenges, in particular the urgent
need to reduce carbon emissions. The EU-funded project NetZeroCities aims at supporting
112 European cities to reach climate neutrality by 2030. Going beyond the assumption that
technological solutions alone can lead to net zero, the project focuses on important levers of
change, such as governance and social innovation. It well established in academic literature
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that innovation in social practices is an important and necessary component of reaching
carbon neutrality (Chilvers & Longhurst, 2016; Angelidou & Psaltoglou, 2017; Hoppe & De
Vries, 2019; Ostfeld & Reiner, 2020; Andion et al., 2021; Creutzig, Niamir, Bai et al., 2022).
Furthermore, sustainable development needs collective action and systemic innovation
(Diepenmaat, Kemp & Velter, 2020). Beyond a restricted focus on acceptance and
behavioral change, social innovation can activate citizens to contribute to climate neutrality
(Schénwélder, 2021), in particular in reducing Scope 3 emissions. In a systematic literature
review on the contribution of social innovation to climate neutrality (Bresciani, Rizzo &
Deserti, 2022), 267 scientific articles were identified that provide evidence of the contribution
that innovative social practices have to lower carbon emissions as well as contributing to
wellbeing (Engelbrecht, 2018). Yet, this rich body of academic knowledge does not seem to
be systematically deployed by policymakers.

Social innovation initiatives led by citizens that aim to lower emissions are proliferating, from
sharing assets to creating energy communities, and from developing peer-to-peer education
on reducing the energy consumption at home, to developing certifications of climate friendly
business approaches. An extensive review of such cases has been developed within the
NetZeroCities project (Bresciani, Rizzo & Deserti, 2022; Mureddu & Bresciani, 2023), with
the identification and description of 36 case studies at different scales, including bottom-up
citizens-led initiatives as well as top-down political choices, and policies for supporting the
emergence and scaling of social innovations aimed at climate neutrality. However, an
investigation of social innovation action plans at global level returned only a handful of cities
and regions (Taiwan, Montreal, British Columbia), which possess a social innovation action
plan. Furthermore, these plans are not specifically focused on climate neutrality goals.

Can design support policymakers and politicians in understanding available knowledge from
academic literature and existing cases? And could the act of prototyping together support
the development of social innovation acts that can serve as a lever for reducing carbon
emissions?

In order to address this pragmatic need, a prototype of an online service was developed for
cities, which aims to provide a user-friendly and actionable aggregation of extant knowledge
which could support policymakers in developing informed plans urban level. In doing so,
facilitating the creation of favorable ecosystems that could support the emergence and
scaling of social innovation initiatives (Terstriep, Rehfeld & Kleverbeck, 2020). Prototyping
the service according to the principles of clear communication (Bischof & Eppler, 2011), and
the known benefits of knowledge visualization (Bertschi et al., 2013) contributes to theory
development by investigating how complex, vague and scattered knowledge can be
aggregated in a visual and cognitively efficient format, making it pragmatically useful for
cities.

The results of the prototype testing with policymakers not only advances the development of
the interactive tool, but also theoretical knowledge, as implicit assumptions are exposed
through the experiential interaction with the prototype, thereby generating new knowledge on
unexpressed users’ needs (Valentine, 2013). For example, the potential benefits of renaming
“social innovation for climate neutrality” into “people-based solutions”, and the creation of
visually attractive interfaces for policymakers.
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Furthermore, the act of collaborative prototyping, a user-centered service based on
interdisciplinary knowledge (Bogers, & Horst, 2014), enabled the exploration of the
interconnections between the three fields of social innovation, policy making and
sustainability (Groth et al., 2020).

Prototyping as Knowledge Generation

Based on a series of co-design workshops which took place within the NetZeroCities project,
users expressed the need for a service that could provide solid guidance to policymakers
and stakeholders in understanding the potential actions that a city could take to support
social innovation initiatives. Specifically, users need guidance in developing and scaling of
social innovation initiatives aimed at climate neutrality, based on their current level of
readiness or contextual factors. Contextually, cities (as well as the government and funding
bodies including the European Union) also face the need to measure the effectiveness of the
actions and policies they develop. Therefore, the service should include both a planning and
an assessment component.

In order to develop such a service, labelled social innovation actionable pathways, a sprint
was organized with a multidisciplinary group of social innovation experts from different
organizations to develop and test a prototype. The group of experts was composed by the
first three authors (all of whom have a background in design and social innovation), an expert
of democracy and social innovation from Southern Europe, an expert of policies and social
innovation from Northern-Europe and a smart cities expert from a Northern European
technological university. The methodology adopted for the development of the prototype of
the service was the following: firstly, users’ needs were analyzed (based on two deliverables
of the NetZeroCities project) in terms of cities’ expectations for social innovation and action
plans. Secondly, insights from a literature review on the contribution of social innovation to
climate neutrality (Bresciani, Rizzo & Deserti, 2022), EU-funded projects on the topic, the
theory of change developed in the NetZeroCities project (Chaudary, Hawkins & Alvial
Palavicino, 2022) as well as data from the 36 cases developed within the project (Romero et
al., 2023), were aggregated in a shared online platform. The experts met in three workshops
to design the user-centered service, during which the abovementioned insights were
synthesized in meaningful categories.

This process of knowledge aggregation went through multiple steps and visual formats (Fig
1-2), comparing multiple criteria and frameworks (including the guide to scaling social
innovation developed by the Schwab Foundation and the World Economic Forum (2013),
Social Entrepreneurship Ecosystem Assessment developed by the European Commission
and OECD', and the categories determined within the NetZeroCities project). All experts
were involved in providing input and co-creating the categories during the process.

1 https://betterentrepreneurship.eu/en/node/802
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Figure 1: An example of how the knowledge was aggregated and categorized.

Starting from the cities’ policymakers’ needs, a prototype was developed, deploying the
principles of visual and clear communication, in that it should (1) be concise, (2) have a
logical structure, (3) have explicit content, (4) be low in ambiguity, (5) and ready to use
(Bischof & Eppler, 2011). In addition, visualizing knowledge provides several advantages
(Bertschi et al., 2011): it lowers information overload (Eppler, 2006), thus improving the
quality of strategizing (Eppler & Platts, 2009), and increases understanding and recall
(Bresciani et al., 2011). Specifically for the prototyping of the service, visualizing the
synthesis and aggregation of knowledge provides not only a provides a cognitively efficient
interface, but also a new theoretical framework of social innovation actions at urban level
which can support climate neutrality. Secondly, the prototype links actions to measurement
of outputs and outcomes of each proposed action, therefore linking social innovation actions
to relevant indicators derived from the literature.
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Figure 2: An extract of the collaborative board utilized for the classification of cases, scientific literature and policy articles
according to categories.

The first version of the prototype (Fig. 3) is visualized as a timeline composed of 14
categories along three subsequent steps of a pathway: prepare, act and accelerate (based
on the categories of the City Climate Planner Program developed by ICLEI?). Clicking on
each category, a box with additional information opens, outlining specific actions, indicators
(which are related to SDG goals), and academic references on which the claim is based on.
This first rough prototype was presented to a larger group of experts on social innovation,
carbon transitions and policy making, within the NetZeroCities consortium. Their feedback
was integrated into a more visually appealing and visually coherent prototype (in which all
categories had the same size), which resulted into the development of two alternative
prototypes to be presented to users.

More specifically, two customer journeys were envisioned (according to traditional
categories, which include user actions, user needs, user emotions and touchpoints), leading
to the same core visualization of the service. In the first option, the user (which is the city’s
transition team, as well as policy makers, politicians, etc.) would first answer a questionnaire
to gather information on the city’s current status, and based on the questionnaire results the
online service would automatically highlight suitable next actions. In addition, the system
would provide a visual benchmark in the format of yellow stars (1, 2 or 3 stars) to show the
performances of a city for each category (see Fig. 4). In the second option, users would
directly access the overall interactive map (Fig. 4), and could click on each category and
optionally answer the indicators’ questions.

2 https://cityclimateplanner.org/resources
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Figure 3: First version of the prototype with categories of social innovation actions for climate neutrality.
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Figure 4: Second version of the prototype: after answering a questionnaire, users can see an overview of the categories
and their own scores (visualized as stars for each category).
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Figure 5: Second version of the prototype: content can be freely explored and optionally integrated by answering
questions related to indicators for tracking progresses.

Although the interactive map remains the same, the user journey is different: in the first
version, users have to answer a questionnaire to be able to access the map and have
customized suggestions of actions to take based on their social innovation readiness.

Insights from Testing and Redesign

To test the prototypes (Fig. 4 and 5), a panel with cities’ policy makers was organized online.
The participants were three members from the transition teams of their respective cities,
which all were small/medium-sized Southern European cities.

Although the participants were willing to use the tool in an explorative way if it did not take
too much effort to learn how to use it, they indicated that the connection between social
issues and climate neutrality was not evident, and not a priority for their cities. Furthermore,
they did not seem to have an accurate understanding of what was meant with ‘social
innovation’. In addition, they voiced their concern regarding the difficulty in getting the buy-in
of the city administration in general on climate neutrality or sustainability, thus needing to link
actions to politically relevant and easily communicable topics, such as citizens wellbeing.
However, the participants were interested to know how their city is performing compared to
other cities in their respective countries and in Europe, and which other cities have already
implemented which actions. Finally, a relevant point raised was regarding the language in
which the tool would be delivered, which would have to be the local language, as not all
politicians and policymakers are comfortable with using English.
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The users’ feedback was relevant for theory development: contextual factors, such as
political commitment and language skills, could prevent the use of the service. In practical
terms, the prototype could be improved by including a mobilization phase to convey the
relevance of social innovation for the reduction of carbon emissions, perhaps by renaming
“Social Innovation for Climate Neutrality” into “People-based Solutions” to align terminology
with Nature-based Solutions (Cohen et al., 2016; Faivre et al., 2017). This assumption would
need testing before implementation.

From the two options tested, it seems that starting the interaction with a questionnaire would
create a barrier, and thus prevent users from using the service, since they do not necessarily
understand its value upfront. Therefore, providing a more playful visual interactive
infographic without overwhelming potential users seems a suitable user-centered option, as
this allows cities to explore the categories in an interactive format, answering the associated
questions and tracking their progresses over time. This coincides with the information
seeking mantra, which is the notion that knowledge is navigated and explored by providing
overview first, then zooming into specific topics and further details on demand,
(Shneiderman, 2003).

Finally, emphasizing the politically relevant benefits would be useful for engaging politicians
in utilizing the tool to develop the cities’ transition/action plans to climate neutrality,
complementing technological solutions. To address to this challenge, the service could
emphasize the co-benefits of both social innovation and decarbonization in terms of citizens
wellbeing and improved quality of life. Cases focused on the communication of the co-
benefits should therefore be added as well as indicators related to wellbeing. The data
resulting from the indicators should then be visualized in a dashboard in which a city’s scores
can be compared with the country’s average or other European cities.Based on the insights
from testing, the customer journey and the prototype of the online service were revised. An
interactive prototype was created using Kumu, an online platform specialized in mapping
relationships (Fig. 6), enabling the content to be interactively explored to test information
seeking behavior and usability. Clicking on one of the green fields loads the related content
on the left-hand side of the screen, which contains the description of potential actions cities
could take, a list of case studies of cities which already implemented this particular action as
well as other relevant resources, suggested indicators and academic references.

The content of the third prototype (Fig. 6) was refined together with social innovation experts
from within the NetZeroCities consortium. Since some categories were unbalanced, they
were reduced. The content for each category was further linked to resources available on the
NetZeroCities platform. Iteratively, new content was added to provide cases and references
related to the needs identified in the earlier city panel testing phase (i.e. cases and indicators
on co-benefits and communication). In this way, the interactive service helped users to
transform abstract concepts into concrete actions.
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Figure 6: Third version of the prototype: interactive prototype with content on demand.
Implications

Pragmatic Implications

Although several pathways to climate neutrality have been proposed based on technological
solutions, to the best of our knowledge, pathways and systematic overviews of how social
innovation can contribute to climate neutrality have not yet been conceptualized. The
prototype provides a translation of abstract, complex and scattered knowledge into
actionable possible futures, and can provide a basis for further improving and testing such
synthesis of knowledge.

From a pragmatic perspective, the prototype enables policymakers to support collaborative
strategizing on social innovation at an urban level, a tool for informed future making. The
testing of the prototype contributes to improving the understanding of policymakers’ need for
an explorative and engaging modality (Jacob-Dazarola et al., 2020), allowing them to
address wicked problems, such as social innovation in climate neutrality. The testing
highlighted a misalignment in vocabulary between the (academic) designers and the users,
which points to the need of contextualizing the communication of solutions to specific target
users.

The creation of the prototype has led to the development of a theoretically grounded and
practically relevant framework of potential social innovation pathways to climate neutrality at
an urban level. The interactive actionable pathway tool can provide policymakers (deeper)
insight into how social innovation can support climate neutrality, and act as a guide to
understand the variety of choices available to a city’s transition team as well as support the
selecting of indicators for learning and measuring progress.

For designers, the methodology deployed for the creation of the prototype can provide
guidance to synthetizing academic and pragmatic knowledge into a design outcome. In
particular, the prototype serves as a means to surface users’ mental models, implicit
expectations as well as to envision a novel interactive modality for the target user (in this
case, policymakers). In this context, the prototypes become not only a way to design and
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refine a service, but also an object that supports and mediates the collaborative interaction
between diverse actors.

Theoretical Implications

For policymakers, the prototype served as a boundary object (Star & Griesemer, 1989),
enabling them to explore the social innovation actions that a city could implement. It also
assisted in navigating the content of the NetZeroCities platform to gain more specific
knowledge on topics of interest. For researchers, it provided a solid categorization of social
innovation practices at an urban level, which are not only built on academic knowledge, but
tested in practice-based contexts. The prototype mediated the dialogue (Bojer et al., 2008)
and collaboration among researchers, designers, environmentalists, and urban transition
teams (Growth et al., 2020).

The experiential knowledge acquired while creating, testing, redesigning and retesting the
prototype (Valentine, 2013), allowed the development of a more solid theoretical framework,
in addition to the practical tool. Through prototyping, the solution and the problem space
have co-evolved (Dorst & Cross, 2001), supporting researchers in better refining the
theoretical framework, by expanding the problem space to include motivational issue of the
users. The prototype also allowed experts from different fields to visually connect their
knowledge, exploring new cross-pollinations between social and environmental sciences.
The process of collaboratively mapping interdisciplinary knowledge in the prototype is a goal
in itself (Growth et al., 2020), which gives a tangible form to abstract - often siloed -
knowledge.

Conclusion

The methodology for the prototyping provides an example of a successful aggregation of top-
down scientific knowledge, bottom-up theorizing from case studies, users’ needs and insights
from collaboration with interdisciplinary experts and real-life user testing. Yet, this study is not
free of limitations; the prototype still needs further refinement and further testing, in particular
expanding the sample size, which would allow to account for the influences of contextual
factors, such as the size of the city, the political will at urban and national level as well as
language and cultural issues. Within the NetZeroCities project, the tool will be further
developed and improved, and eventually made available to the 112 cities that are part of the
project. In a VUCA (Volatility, Uncertainty, Complexity, and Ambiguity) world, design can
provide a methodology to interact with complexity and make ambiguous, abstract knowledge
more tractable, envisioning innovative solutions (Cousins, 2018), and imagine possible
futures.

We believe the prototyping process enabled researchers to refine a theoretical framework,
provided designers with a methodology to an unstructured novel topic, and policy makers
with an interactive tool to support strategizing for leveraging people-based solutions for
climate neutrality.
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Abstract

With prototyping, design practice thinks about the shape and environment of many objects that will embody
our world experiences. In that, we see this action as eminently political and we ask ourselves along this
paper the following question : under what conditions can prototyping be a political experience of design?
Based on the analysis of three design use cases that present a prototyping situation, this paper explores
ways designers could embody the political dimension of their practice. While observing our use case
through a framework built from sociology and political science literature, we are looking for signs of politics
in our practices of design. This work, part of a more extensive research, shows that prototyping could be
the most adapted situation to experience the political in design because it brings together human and non-
human actors into a co-design process where debate is necessarily present.

Debate; Political Experience; Arenas; Trouble; Embodiment

Since the 1960s, theories on democracy have tended to represent it as an experience of
politics that organizes the life of a society based on a principle of debate. In that, it becomes
possible to discuss which pathways to choose for society. Chantal Mouffe (1993) says that
this debate doesn’t need to reach the idea of consensus but more the one of dissensus,
considered as an antagonism and confrontation state, inherent to the act of living together. In
relation to this assumption, the introduction of the book “Making Things Public”, wrote by
Bruno Latour (2005), asks a fundamental question : how is politics embodied today, beyond
the official parliaments that seem insufficient to make visible the many ways in which society
orients, discusses, and debates its future? In other words, which are the non-dominant
arenas that bring to life the political question? Here, Latour underlines that this question is
not only valuable for spaces as parliaments, but also in our daily experience of objects.

In this paper we pursue this idea of an object-oriented democracy and consider prototyping
as a possibility for design to find specific forms of political experience. With prototyping,
design practice thinks about the shape and environment of many objects that will embody
our world experiences. In that, we see this action as eminently political and we ask ourselves
along this paper the following question: under what conditions can prototyping be a political
experience of design?

We begin this paper with the definition of the conceptual framework that supports our
positioning. Then we describe a methodology based on three typical use cases of prototyping
in design (school, public space, design studio). Finally we analyze them with an analytical
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grid we build from sociology and political sciences literature. The goal of this analysis is to
open perspectives for design practitioners on the political dimension of their practices.

A Political Experience of Design

Since William Morris' thoughts to the Italian Radicals’ experimentations, design practices
have something to do with politics. But some of them have put the notion of debate at the
heart of their practices. Critical Design (Dunne & Raby, 2007) is one of the most famous. This
movement, which became Speculative Design later (Dunne & Raby, 2013), carries a critical
thinking materially translated by design. The main challenge of this practice is to provoke
self-reflexivity about what is self-evident, in order to “challenge narrow assumptions,
preconceptions and givens about the role products play in everyday life” (Dunne & Raby,
2007, § 1). The productions of Speculative Design don't come with economically viable
solutions but have a role “to act like a mirror reflecting the role a specific technology plays or
may play in each of our lives, instigating contemplation and discussion” (Auger, 2012, p. 29).

With other practices, Reflective Design aims to make legible unconscious adoption of
object’s values and in the meantime engage users to have this same critical thinking
(Sengers et al., 2005). Adversarial Design (Carl DiSlavo, 2015) suppose that objects could
encourage the identification of society’s issues in order to reveal disagreements and allow
revendications. Beyond those movements that locate design in a specific field of practices,
we would like to observe design politics which describe “ways practices of design and
politics, historically and materially, reinforce and legitimize each other” (Keshavarz, 2016, p.
93) in design practices. Keshavarz invites us to work on “ontological conditions of design as
an act, and the effects it generates in different environments” (Keshavarz, 2016, p. 86).

This seems to echo the PhD thesis of Max Mollon when he asked: “Hence, if designing is to
transform “an existing situation into a preferable one” | wondered for whom are these forms
of design preferable? And, how do we enable debate about what is preferable?” (Mollon,
2019, p. 8). His question refers directly to the ways society and politics interfere, and more to
the difference between politics and political. Chantal Mouffe (2005) suggests that the term
political refers more to an antagonistic state, inherent to the act of living together. The
illusion of consensus needs to be stopped with a new use of debate. Mouffe explains this
illusion by the hegemonic position of some stakeholders at the cost of others : “There is no
consensus without exclusion of a “third” (Mouffe, 2005, p. 149). Mouffe also highlights that
an antagonistic state could be a possibility of living together by gathering and sharing the
conditions of authority. Already in the 14th century, the term debate meant both "to quarrel, to
dispute" and "to discuss, to deliberate on the pros and cons of".

It is precisely this question of dissensus that Latour proposes to see as a prerequisite to any
thought of politics. To do so, the philosopher calls for an "object-oriented democracy" that
guestions the way in which political spaces have been organized around objects perceived
above all as facts: “For too long, objects have been wrongly portrayed as matters-of-fact. [...]
They are much more interesting, variegated, uncertain, complicated, far reaching,
heterogeneous, risky, historical, local, material and network” (Latour & Weibel, 2005, p. 9-
10). People, or their representatives, gather within official spaces of speech where these
facts can be debated from a tacit principle of univocal understanding of the facts. However, if
we adopt a principle of pluralism, then emerges the figure of the Ding, or the "thing", and
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replaces at the heart of politics the matter which brings people together because precisely
this matter divides them while concerning them. It is this idea that was at the origin of many
parliaments throughout the world and that Latour proposes to restore: " If the Ding
designates both those who assemble because they are concerned as well as what causes
their concerns and divisions, it should become the center of our attention " (Latour & Weibel,
2005, p. 13).

In this paper, we would like to pursue this thought about a design for debate (Mollon, 2019)
and investigate design situations perceived as ordinary and non-political, where the political
experience and the politics of design are made sensitive through debate. By considering
debate as the very result of its practice, design for debate emphasizes the importance of an
artifact's discursive properties: either the artifact has an internal narrative and carries
elements of controversy, or it is the situation in which the artifact is located that will trigger
potential controversial discussions (Mollon, 2016). Mollon thus emphasizes the situated
nature of the debate, while showing the ineffectiveness of certain practices, when they are
only disseminated by exhibitions which "do not encourage people to meet each other, or to
meet the author(s), nor do they encourage debate" (Mollon, 2019, p. 116). Therefore, the
author proposes a model to analyze the ways in which a project reaches its audiences by
participating in a larger system articulating problems, artifacts, mediums and audiences. This
model thus makes visible the different levels of influence of the debate within a given
situation: from the problem to be addressed, through the type of more or less familiar
artifacts and mediums, to the communication channels and institutions symbolically
represented.

If organizing a debate is a systemic design situation, we ask ourselves what other design
situations could be the scene of political actions. One of the situations we wish to explore is
prototyping. Indeed, due to its capacity to gather different actors, i.e. to maintain a dialogical
relation in the project (Yu et al., 2018), there is a relative dimension of debate. A prototype
thus represents a potential endless space of exploration allowing to discuss design
impediments or opportunities. Here, the act of prototyping is perceived as an open space,
where the integration of new ideas, materials, references and knowledge allow new
directions in the project.

The notion of prototyping is deeply rooted in the practice of design insofar as, through the
prototype, the thought of a designer is embodied in a materially defined situation (Gentés,
2022 ; Koskinen, 2010). The prototype thus reminds us of the fundamentally situated practice
of design, in constant dialogue with the material elements of the situation (Schén, 1983). The
mediums used by designers seem to offer opportunities for the emergence of ideas or
"matrices of emergence" (Gentés, 2022, p.62) that give them "meaning after their work and
not by following a predetermined idea that would gradually become embodied in artifacts."
This idea echoes Gaver et al. 's (2022) proposal to assume emergence as a potentiality of
design research and identify strategies to foster this emergence. Consider anomalies, seek
idiosyncratic examples, tell the full backstory or value agility and responsiveness are some of
the 12 strategies identified, and encourage thinking about the act of design in the making.
The notion of emergence seems to us to relate to prototyping as a situation, going further
than simply giving shape to imagined objects.

Therefore, we can think of the act of prototyping as the concrete manifestation of the
designers' diagrammatic thinking in that it allows us to describe : “What [designers] work on,
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in the time of their practice, and which is not yet defined since all their work consists in
defining this thing: whether it is an object, an image, a device, an interface, etc., only exists
first in a virtualized way by a diagrammatic device constituted by these images that are the
prototypes, the plans, the sketches, the procedures, etc." (Beaubois, 2015, p. 56). The
design activity is thus composed of a set of interdependent diagrams, or prototypes, which
express the object being designed.

Hence, considering a prototype more as a situation than as an artifact makes it possible to
extend what the act of prototyping comes to be. Subrahmanian et al. (2003) emphasize that
the word prototype can refer to any cognitive structure: verbal, gestural and virtual
representations and models, protocols, processes, physical artifacts, etc. This diversity thus
leads us to go beyond approaches which describe prototyping as a series of versions whose
resolution should be more and more precise (Vinck, Jeantet & Laureillard, 1996).

In this paper, we thus explore what conditions, in a prototype as situation, allows a political
experience of design. In other words : what are the conditions that give rise to debate in
ordinary design practices, such as prototyping?

The Arena as an Analytical Framework

In order to analyze the conditions of a political experience of design within a prototyping
situation, we have voluntarily selected three different situations (Fig.1): a project design
course within a design program of a french university (usecase A), a co-design project
developed in a neighborhood of a major French city (usecase B) and an ideation workshop in
a large company (usecase C). The diversity of these situations allow us to observe different
spaces, temporalities, actors, tools, positions and commitments in the designing situation.

120



Usecase Code

A

B

Cc

design students

stakeholders such as elected

officials, neighborhoed
associations

Context Teaching: project practice Commission: social design Commission : UX design
course around the notion of project initiated by associations | project for a public client by a
translation in the Wazemmes district of the | external design studio

city of Lille

Temporality 12 sessions of 3 hours (50 3 weeks of immersion in the 1 day of workshop (8 hours)
hours) spread over neighborhood, including a
approximately 8 weeks period of preparatory work

before the immersion
Place An University One neighborhood A company
Participants 5 groups of 2 or 3 third-year Neighborhood citizens, various | 2 groups of 10 employees

Computer room: lines of
non-modular or movable tables,
computer stations, whiteboard.
No other equipment specific to
the practice of the project

The street, the public spaces, a
room made available for the
project team

A "COMEX" type meeting
room, with a big and
non-movable table

Prototyping

Experimenting with the notion of

Questioning the feeling of living

Redesigning the client's

activity

situation via the creation of 3
mediums exploring differently
the situation then translation
into a potentially preferable
situation by paying attention to
the forms of translations to
operate

the neighborhood (participatory
sensitive mapping, interviews,
participatory showcase) and
potential actions (project
sheets, sensitive walk, blank
stickers revealing the potential
of the neighborhood).

subject translation in the project: the in the Wazemmes district website
subject is to be found by the
students
Prototyping Translation of a problematic Exploration of the imaginary of | Creation of a functional

structure of the future website
from some different functional
bricks

Presentation
format

2 deliverables: a poster
presenting the exploration of
the project through the 3
mediums allowing to
problematize the subject then,
at the end of the course, a file
presenting a detailed project
proposal

Data collection formats =
feedback formats (showcase,
project sheet, etc.) but also
public exhibition in a neglected
area of the neighborhood,
meetings with local officials,
project booklet available for
download

Projection on screen of the
functional structure produced
during a finale presentation
with all participants

Figure 1: Summary presentation of the use cases.

Our analytical framework is based on a two-step process. In the first step, we conducted field
observations by focusing on issues raised by Bruno Latour and described earlier. Indeed,
pluralism, in terms of viewpoints, actors and their interests, requires considering how an
assembly could be constituted. Matters of concern can’t be understood, described and
debated in the same way in different assemblies. According to Latour, to "speak well of the
things" (Latour, 2022) that concern us, involves adopting a triple representation principle:
first, to represent the issue that justifies the existence of an assembly. Here, we observed in
the situations of prototyping how the first issue raised by the project was materially
represented, debated and how it changed according to new issues raised during the
situation. Second, to guarantee that the assembly is made up of people who are themselves
representative. We mapped all the stakeholders of the situation according to their status
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outside and inside the situation. Finally, to materially build the assembly that embodies the
public emerging from this concern. We observed all the material properties of the situation
that allowed actors in the situation to discuss, debate and decide.

In the second step, we analyzed all the collected data in relation to the notion of arena. An
arena can be defined as a collective mobilization that emerges when members of an
unlabelled group feel concerned by a trouble (Harraway, 2016), define it as a problem and
resolve it by taking action (Cefai, 2016). Using the notion of arena allowed us to refine our
analysis from a political perspective. Therefore, this perspective allowed us to analyze data
from three different points of view. First, we analyzed what allows a group of people to feel
concerned, both collectively and individually by a trouble. We thus seek to grasp the
conditions determining both the participants' access to the situation and what they can
express themselves on. Second, we analyzed the situations from the point of view of the
problem that the public defines collectively. Here, we try to grasp the conditions relative to the
mode of confrontation between participants and the material properties of this mode. Finally,
collected data were also analyzed from the point of view of what the group agrees to make
visible. We seek to capture the conditions of access for other audiences as well as the
discourses produced.

Therefore, our two-step analytical framework is built by crossing the conditions of the
creation of an assembly and the emergence of an arena (Fig. 2).

Defining a problem

Representing the matter of concern

Guaranteeing the representativeness

Building the assembly

Figure 2: Analytical framework based on a two-step process.

The thematic and comparative analysis of all data we collected through this framework
allowed us to grasp the material, spatial, temporal and social properties of prototyping
situations from a political point of view. It is important to say that the conditions we describe
in the following section were not observed explicitly in all the situations: it is precisely the
point of a comparative analysis to be able to bring out more explicitly important elements of
analysis.

Emerging Conditions of a Political Experience of Design

In this section we present all the conditions we grasped through our analysis. These
emerging conditions can be seen as concrete means of action for designers to develop a
political experience within a prototyping situation.They thus underline the importance of being
fully conscious of the debate emerging in any prototyping situation and the potential of the
emergence of an arena.

As described earlier, this emergence is characterized by the sharing of an experienced
trouble, the definition of a problem and the visibility of the constituted arena around this
problem. In order to detail them in relation to our field observations, we designed three
scenarios (Fig.3, 4, 5) representing these characteristics (through three colors background,
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more or less present according to our observations) as well as the most important steps of
each situation (drawings thus evoke important moments of our observations). The numbers
allow us to associate a specific moment we observed with a specific condition.

Figure 3: Use case A

1. Beginning of the project: Students are asked to answer individually to a question (Have you observed or had
experiences that you would have wished to translate?) by drawing on their personal experience.

2. Divided into groups, students must then collectively find common points to formulate a trouble represented
through three specific mediums.

3. This trouble is then translated into a problem and explored outside of class time. The time spent with the
teacher is used to report on the work done.

4. Each group gives a presentation in the classroom to the teacher and the other groups.

Figure 4: Use case B

1. A space dedicated to the project is found in the neighborhood. This space allows to propose workshops (but
also in other places) inviting inhabitants to express themselves on their perceived images and habits of the
neighborhood.

2. Ideation workshops are carried out with inhabitants: project templates are distributed in order to collect ideas on
possible transformations of the neighborhood.

3. Tours of the neighborhood are organized in order to identify places to be changed: stickers are stuck on them
by the inhabitants indicating the possible evolutions.

4. The data collected is then presented to the inhabitants, directly in the public space, as well as to the local
elected officials.

&),

Figure 5: Use case C
1. Presentation of the brief and the audit carried out beforehand by the design teams on the current website: first
brainstorming on the principles of experience that the participants think are the most adapted.
2. The imagined functionalities are then materialized collectively in the form of paper "functional bricks".
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3. These functionalities are then composed in the form of a tree structure, in group, then presented to be
annotated by the participants.
4. The work done during the workshop is then presented to the workshop participants.

Being concerned by a trouble: curating the concern

Our comparative analysis highlights three conditions in the emergence of a shared trouble
within a prototyping situation (Fig.6): visualizing a situated and dynamic antagonism,
considering all the voices of people and using space as a designing background. These
conditions inform us about levels of action for curating a concern.

Being concerned by a trouble
curating the concern

/’;:_4- = Visualizing a situated and dynamic antagonism

« ° *Considering all the voices of people

\;: * Using space as a designing background

Figure 6: Three conditions for the emergence of a trouble within a prototyping situation (in the form of pictograms).

First of all, it seems essential that a prototyping situation always starts from a commission
that makes a project dependent on a field, ready to be explored (Frodon, 2022). Working
from existing situations (seen as design materials) allows the formulation of a trouble, more
or less experienced by actors, through formats which are sufficiently plastic to maintain a
plurality of perceptions around this trouble. Without this situated aspect of prototyping, the
trouble cannot be grasped in all its diversity: managing to map this plurality makes the
formulation of a trouble visible without being too prescriptive or unequivocal, as it supports a
collective formulation of the trouble during all project stages. At the same time, it makes it
possible to keep track of the project, to understand which issues need to be discussed at
which times and to make visible how the group works dynamically on a trouble.

Then, although the trouble is expressed in a collective way, the prototyping situation should
allow each participant, not only designers but all the people involved in the formulation of a
trouble (users, clients, etc.) to describe individually the way they perceive it. Thus, the
prototyping situation should provide subspaces where personal expression is possible
throughout the project (Thoring et al., 2018) making visible all the potential places associated
with the trouble. These places expand the scope of the field exploration, allowing the
prototyping situation to be situated in different places, each time involving specific formats,
with the objective of considering all the voices concerned by the trouble in question.
Consequently, it seems important that a preliminary work is done with a panel of actors,
representative of the plurality of the trouble in order to pluralize the places where the
prototyping situation could occur and the trouble could be formulated.

Finally, to support the collective formulation of a trouble, the situation should consider the
possibility of spatializing data involved in this formulation. Space can become a designing
background for the trouble (Keller et al., 2006). Forasmuch as the prototyping situation is not
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situated in a single place, each space should make sense for actors by facilitating a work of
composition, hanging, collage and juxtaposition of data. Curating the concern should also
consider the explicitation of a valid type of speech: informing, instructing, persuading,
criticising. Describing which type is used allows for a better positioning of actors in relation to
what is said. The prototyping situation should thus be able to make people aware of the
plurality of ways of expressing themselves within and on a project.

Defining a problem: building a public

Our analysis highlights two conditions that contribute to the definition of a problem through a
work of investigation within a prototyping situation (Fig.7): labelling a thing and using the
space as a parliament. These conditions seem to support the transformation of a group of
people (concerned by a trouble) into a public whose objective is to characterize a trouble by
a problem.

Defining a problem
building a public

* Labelling a thing

DDQ * Using the space as a parliament

Figure 7: Two conditions for the definition of a problem (by a public) within a prototyping situation (in the form of
pictograms).

First, the prototyping situation can be seen as the material translation of a trouble in terms of
causes, factors and liabilities (Mollon, 2019): through data collection formats, more or less
participative, the goal is to identify which elements allow the group to define the trouble as a
problem. Therefore, it seems necessary that these formats make visible, at different places
and times, the potentiality of a data to be part of a wicked problem (Rittel & Webber, 1973).
Here prototyping is thus considered as a way of labelling a thing or Ding (Latour & Weibel,
2005) into a problem which reveals the invisible forces and political tensions at work in a
trouble. To do so, the prototyping situation should support the documentation of all the
labellisations of the thing and the definitions of the problem in order to keep track of the many
possibilities for a public to justify its existence.

Second, defining a problem within a project requires to take into account the spatial
properties of the prototyping situation which allow to discuss around collected data. The
space should thus be modular enough to produce different types of physical and discursive
confrontation: semicircle, circle, horseshoe, classroom, opposing-bench, etc. (XML, 2016).
By diversifying the ways in which speech is materially produced, the work of problematization
is fed by the many points of view that these types bring out (Luck, 2010). Space thus
becomes a parliament, a place where the definition of a problem is realized. But beyond
space, it is also the relationship to time that should be considered. The prototyping situation
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encourages a total immersion, over short or long periods, from which key moments emerge,
helping to develop the problem more precisely.

Being visible: opening new project paths

Finally, the comparative analysis highlights three conditions that shed light on operations
involved in the visibility of a project carried out by a design project-team (Fig.8): searching for
a common horizon, adapting communication modes, and building the space as an exhibition.
Here, the act of prototyping requires us to think the communication’s project as a way to
design. Therefore, each moment of public presentation, not only at the end of a project,
potentially creates new design paths and opens up the scope of the project.

9 Being visible

= > opening new project paths

V

° +» Searching for a common horizon
T -+ Adapting communication modes

< >+ Building the space as an exhibition

Figure 8: Three conditions for the visibility of an arena within a prototyping situation (in the form of pictograms)

First of all, the communication of a project should be adapted according to audiences in
order to potentially involve them in the project and make them feel concerned by the problem
(and the trouble) formulated by the team. From this point of view, it seems essential to
pluralize the formulations of the problem and identify issues at stake for each audience in
order to adjust the discourse as best as possible. Previous conditions we described earlier
play a key role here. Therefore, communicating a project is not only a matter of providing
information but also generating agency within the audiences to continue building the project.

Thus, seeing communication’s project as the potential emergence of agency within an
audience makes it possible to extend the scope of project’s visibility from its beginning (Ricci,
2022). There is a challenge of adapting the modes of communication according to the
situation of communication: the creation of formats informing on the project while allowing
audiences to participate is a goal that any situation of prototyping can take into account.
Participative design tools of observation and ideation should therefore also facilitate
communication of the project and its issues. This goal of mediation is fundamental because it
demonstrates the potentiality for communication to sparke a trouble within the audiences and
offer new paths of action and reflection to the project.

Finally, the prototyping situation can be seen as an exhibition space (Mabi & Monnoyer-
Smith, 2012) where the project is both a communication situation and a design situation
(Gentés, 2022). Considering these two sides allows for the arena to make itself visible to
other audiences. To do so, the visual identity of the project should be built at the same time
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as the project as long as it reflects the different perceptions around the trouble. This
supposes that the space properties should take into account different types of speech,
according to the stakes of communication and the material properties at disposal.

The analysis of three prototyping situations allowed us to identify various conditions for the
emergence of an arena. Our goal is to point out how a prototyping situation can be
experienced as political, beyond a functional approach. Indeed, if we consider prototyping as
a space of deliberation, then the transition from one prototype to another should not be
based on the criteria of resolution allowing to reject or validate hypotheses (Vinck et al.,
1996). This way of reasoning forgets that each prototype is a world in itself that does not
communicate the same issues for the project and for the life experiences it addresses. To
consider an MVP (Minimum Viable Product) as the only valid version of a project is to
consider design in a linear way. A prototype is therefore not only a static means of translating
an idea but also a breaking point in terms of representation which influences the
understanding of a project, particularly in a collective design situation. In this way, prototyping
makes it possible to grasp different levels of agreement, even partial, on how to build a
project (Subrahmanian et al., 2003). This last comment is essential because it considers a
prototype as a boundary object whose primary role is to bring together actors from different
discourse communities (Krippendorff, 2012). A prototype thus serves here as a deliberation
space allowing debate around project’s stakes and the most adapted ways to pursue them

(Fig. 9).
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Figure 9: Visualizations of the missing conditions for each of the prototyping situations. Each missing condition is located
at the bottom right of the strip.

For example, on one hand, situation A allows a personal formulation of a trouble through a
question (considering all the voices of people). On the other hand, the collective formulation
of the trouble is less present because the properties of the space do not allow the visibility of
the many points of view around the trouble (visualizing a situated and dynamic antagonism).
The work of problematization, in spite of imposed formats of exploration (labelling a thing)
could not be completed because the project exists outside a concrete commission and a real
field of exploration. Therefore, the project is limited to the space of the class. By working the
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prototyping situation as a communication space (using space as a designing background),
the situation could have better situated each of the project group in a real field of exploration
with stakeholders while allowing for a collective construction of a problem (searching for a
common horizon).

On the contrary, situation B put the emergence of collective trouble at the heart of the project.
The personal experience of the trouble is captured through various participative design tools
(labelling a thing). This approach also allows them to communicate differently about the
project and to engage new audiences but not collectively (adapting communication modes).
It also shows a light participation from actors because the personal experience of the trouble
is collected without being followed by a deep exploration of it (considering all the voices of
people). By designing tools that facilitate the sharing of the trouble more profoundly, the work
problematization would have allowed actors to discuss more (using the space as a
parliament) and would have opened the project to more appropriation.

Finally, situation C engages stakeholders with an already formulated trouble. Therefore,
space becomes only a place for building a problem (using the space as a parliament) but in a
collective way (labelling a thing). By focusing more on formulating the trouble (visualizing a
situated and dynamic antagonism), the prototyping situation would have gained in plurality,
allowing to reinforce the commitment of actors (building the space as an exhibition). Indeed,
even if the prototyping situation has brought out new subjects of discussion during the
restitution, this does not mean that the problematization work has allowed us to explore all
dimensions of the trouble (considering all the voices of people and searching for a common
horizon).

Our comparative analysis between various elements shows how these conditions could be
brought out of functional approaches of prototyping. In this respect, prototyping situations we
have analyzed could be seen as a political experience but it seems that their conditions do
not vary enough to really bring out arenas. Envisioning prototyping as a situation was the first
step of a consideration about the conditions needed to make a political experience happen. It
could be interesting to use the framework sketched in this paper to analyze more prototyping
situations but also to create new ones. Thus we could vary the many different forms of
arenas allowed by prototyping and pursue the study of the political in the ordinary practices
of design.

Informing Design Practices through the Political

This paper can be considered as a first step of a more extensive research about the way a
political experience of design could occur within design practices. It provides tools for
designers and design practitioners to think about prototyping as a situation, and notably a
political one. The graphic work we designed has two interests. On the one hand, it gives an
analytical framework for any prototyping situation allowing designers to understand moments
of emergence (or not) of a political experience. On the other hand, it gives a tool for setting
up a prototyping situation, based on political experience conditions, and thus leaves the
possibility for an arena to emerge.

More generally, what we are trying to emphasize is the reflexive dimension of design practice
that pushes the practitioner to think, beyond the emergence of ideas, about the material
conditions of the emergence of political arguments that can forge and build a political arena.
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Therefore, this research is trying to explore ways of making the practitioner feel concerned
(producing matter of concern from the designer and the participants), by being a complete
actor in the project for which he or she is responsible. In this sense, we come close to some
activist practices in design (Bieling, 2019), in which the personal interest of the project for the
designer is a corollary to its application. This way we question the working environments of
designers and the habits that are forged there over time: from the moment that a designer
fixes his or her practices in a specific environment, how can he or she guarantee a political
experience of this environment? Or, on the contrary, when the designer is not aware of the
classification systems of a situation, how can he or she work on the conditions for
questioning these systems? And, on a more general level: iin what ways designers could
embody the political dimension of their practice knowing that they participate in a material
culture of which we are aware of its limits today?

This article brought a series of questions we could explore by engaging a more extensive
research on how prototyping could be the most adapted situation to experience the political
in design because it brings together human and non-human actors into a co-design process
where debate is necessarily present. In his compositionist manifesto, Bruno Latour calls for
thinking politics as the progressive composition of a common world. Pluralism should be the
primary material from which it becomes possible to come together, to deliberate: "if we put
aside what separates us, there is nothing left for us to put in common" (Latour, 2022, p. 14).

Thinking from the point of view of pluralism means accepting that the political can emerge as
much from parliaments as from: "Scientific laboratories, technical institutions, marketplaces,
churches and temples, financial trading rooms, Internet forums" (Latour, 2022, p. 21). All of
these places show different material properties inducing different ways of speaking, ways of
coming together, of raising a concern, of deliberating, of designing.
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Abstract

Prototyping is one of the vital attributes of establishing a design-thinking organisation. This study suggests
it also implies its oxymorons as an organisational material practice when it comes to digitalised product-
service system (DPSS) development practice. DPSS development involves digital artefact design. This
however requires a new organisational approach to prototyping. Designing a digital artefact is concerned
with digital materiality - a combination of heterogeneous digitised materials: tangible materials (products
and network systems) with intangible ones (service and contents), accomplished in a generative design
approach. But it also presents new organisational challenges on increasing unknown factors emerging from
the heterogeneous and generative design practices, calling for dedicated experiential learning practices
through organisational prototyping. Qualitative case studies of three tech companies sharing common
design philosophies found key organisational barriers to establishing a prototyping culture in association
with DPSS development projects. It revealed that prototyping processes and the outcomes can be
purposively manipulated for an organisation’s exploitative purposes. As an organisation’s social material
practice, increasing unknown factors associated with digital artefact design engage with characterising an
organisation’s concerns on the unknown. These are likely reflected in organisational prototyping. In an
organisation’s design process, its conventional assumptions coupled with dominant analogies, superiors’
high power desirability and its coercive bureaucratic features reflected in prototyping processes can
implicitly lead its prototyping to its exploitative purpose instead of experiential and exploratory purposes.
This study presents empirical evidence that prototyping as an organisation's social material practice
connotes its oxymoron.

Prototyping culture, generative capacity, design thinking organisation, digitalised product-service
system(DPSS), sociomateriality

In a product and service development process, an organisation’s approach to prototyping
reflects its culture in association with professional culture dominating in design practice (e.g.
engineering) and ways of communication between members that engage with the complex
practices — e.g. decision-making between powers and design communities etc. (Schrage,
1996; Camburn, et al., 2017). Such prototyping enabling organisation can be denoted as
prototyping culture (Camburn, et al., 2017; Schrage, 1996). Likewise prototyping in
organizational contexts has been studied and empirically researched in a wide range of
design and management-relating studies from prototyping practice: organisational factors
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that contribute to design fixation in prototyping (Youmans, 2011) to meaning of prototyping as
material practices in organisation: prototyping culture is a key source of design thinking
organisation which emphasizes collaborative, participatory and iterative problem-solving
approaches (Elsbach & Stigliani, 2018; Camburn, et al., 2017; Bogers & Horst, 2013),
prototyping can be performed differently depending on characteristics of bureaucratic
systems an organisation adopts (e.g. engaging vs. coerciveness in organisational
formalisation) (Adler & Borys, 1996; Adler & Winograd, 1992), prototyping a complex
technology system is an embodiment of social material practices of an organisation and the
technology prototypes as the configuration of its socio-material artefacts (e.g. hardware,
software and relevant work practice) (Suchman, et al., 2002; also Orlikowski & Scott, 2008).

Within the context, applications of service-dominant (S-D) logic in the field of design studies
and blurring boundary between product and service call for new understandings of product
and service design, namely, product-service system (PSS) (Vargo & Lusch, 2017; Sangiorgi
& Junginger, 2015). But the emergence of PSS also requires a new organisational approach
to designing and prototyping (Camburn, et al., 2017). PSS refers to a bundle of physical
products (the offerings and benefits delivered from tangible material properties to customers)
and intangible services (the offerings mostly provided in the form of the intangible). From an
economic perspective, products and services are closely related to one another as
information systems and technologies advance. Most service offerings are provided in
conjunction with such physical products and vice versa (Gronroos, 2006; Ulrich & Eppinger,
2016): for example, mobile communication systems delivered by hardware handsets
(products) and mobile network (service), healthcare offerings delivered by a combination of
medical devices (products) and medical diagnosis and advice (service) and so on.

In line with this, the concept of PSS that enables digital services and products has been
introduced, called a digitalised product-service system (DPSS): such intangible offerings (e.g.
digital network-based services and contents) delivered and consumed via digitised hardware
(Lenkenhoff; et al, 2018). Broadly speaking, DPSS is involved in digital artefacts,
characterized as ‘digital materiality’. That is a combination of heterogenous kinds of materials
between software (contents and service) and hardware (network and device) ‘heterogeneity’
(Yoo, 2012; Nylén & Holmstrém, 2015). Offerings, functions and features of such digital
artefacts — i.e. DPSS- can be continuously changed, revised and updated by which diverse
ranges of co-designers (e.g. users, platform complements etc.) openly engage in editing,
reprogramming and/or updating digital data encoded in the system. In doing so, the
meanings of such digital artefacts can be continuously rejuvenated with indefinite
possibilities, namely, generativity (Yoo, 2012; Nylén & Holmstrém, 2015).

Yet, scholarly discussion on prototyping for digitized PSS (DPSS) is still in its infancy
(Camburn, et al., 2017; Ruvald, et al., 2020). This paper is therefore aimed to bring a new
understanding of interwoven relations between organizational material practices reflected in
prototyping digitalised PSS (DPSS). This paper is organised in accordance with the research
questions guiding this research. The following literature review will present theoretical
background to answer the question of i) how prototyping for digitalized PSS (DPSS) as a
digital artefact might have to be approached. Following that, findings from from the multiple
case studies will answer the question of /i) what organizational components might be
concerned with the prototyping processes in actual organizational settings. Based on the
insights gained from the case studies, it is to be discussed iii) how those organisational
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factors might affect the prototyping as an organisational material practice (i.e. DPSS
development as digital artefact design).

The theoretical framework

Prototyping as an organisational material practice

New product development is a representative organisational practice that mirrors an
organisation's series of managerial actions for complex problem-solving related to its material
practice - e.g. product and/or service designs (Junginger, 2008; Ulrich, 2016). In product (or
service) development, prototyping plays a vital role as a manifestation of the organisational
practice. Prototype refers to an approximated artefact that can show a feature (or multiple
features) of a product to be designed - e.g. concept sketches, mathematical models,
simulations, test components, a fully functional production version of a product etc.
Prototyping as an organisational practice is not only limitedly aimed at hardware product
development, but also involved with service, or system design (Ulrich, 2016; Camburn, et al.,
2017). It contributes to evaluating and testing whether at least one attribute of a product to be
developed would be able to work, in terms of, for example, looks & feels, technical features &
function or/and both (Ulrich & Eppinger, 2016; Camburn, et al., 2017). In doing so, it presents
analytical evidence to demonstrate, for example, such user desirability (e.g. user need
testing), business viability (e.g. market potential) or/and technical feasibility (e.g. computer
modelling embedding a dynamic simulation model) in a visual and/or mathematical manner
(Brown & Wyatt, 2010; Ulrich, 2016). Then it enhances reliability in such complex technical
and engineering products to be developed, so as to measure and reduce anticipated risk:
(Ulrich & Eppinger, 2016; Camburn, et al., 2017). As an organisational material practice
mirroring one’s complex design practice, prototyping has the following functions.

Firstly, it contributes to organisational learning in accomplishing complex design practices
(Camburn, et al., 2017; Ulrich, 2016), through tacit and explicit engagement with
organisational learning between designers (Nonaka, 1994). Then it contributes to complex
design problem-solving in design practices (Camburn, et al., 2017; Ulrich, 2016). Secondly, it
is a ‘communication’ tool and plays a role as a key channel between diverse stakeholder
groups, which helps them to interact and reach decision-making (e.g. top management,
vendors, partners, extended team, vendors, customers, investors etc.) (Ulrich, 2016). It acts
in organizational information processing for knowledge creation so as to contribute to
complex design problem-solving. With the use of a tangible prototyping outcome that has a
certain level of fidelity, the interactive communications between design stakeholder groups
contribute to promoting the exploration and ideation process. Then it is to elaborate a new
design concept or/and draw noble design solutions throughout the iterative prototyping
process (Camburn, et al., 2017; Ulrich, 2016). Yet, if such communication for prototyping
involves too long feedback processes in design-decision making process with senior decision
makers or/and top management, the prototyping process can be at risk to lead to
conventional communication within dominant organisational logics and analogies (Camburn,
et al., 2017), which results in ‘design fixation’ (Crilly, 2015; Schrage, 1996). In association
with all those, prototyping plays a role as a ‘medium’ between product development relevant
groups for rational-design decision making— e.g. the marketing, design and manufacturing:
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evaluating and testing technical feasibility in new product development, followed by constant
refinement (Camburn, et al., 2017) and integrating process at a product system level (Ulrich,
2016). Lastly, prototyping is characterised as a 'milestone' in the process of demonstrating
whether such a complex technical product would be able to achieve the desired level of
functionality (Ulrich, 2016) and that usability etc. (Camburn, et al., 2017).

However, despite the increasing complexity of digitalised products and services - e.g. DPSS,
prototyping has been discussed mostly in hardware-relevant product design, not likely on the
intangible (Camburn, et al., 2017). Nor have those been approached from comprehensive
organisational design perspectives, considering organisational components -e.g. structure or
culture (Elsbach & Stigliani, 2018).

Generative capacity and prototyping culture in a digital age

With reviews of such key features of prototyping in organisational design practice, Schrage
(2006) introduced the concept of 'prototyping culture'; a creative and innovative
organisational culture which values exploratory and agile design approaches, so that enable
such iterative and process-oriented prototyping processes.

The notion has been echoed by many design and management relevant organisation
studies, for example, ‘design thinking organisation’ (Elsbach & Stigliani, 2018; Andrew &
Sirkin, 2006). That is extended to account for key characteristics of an organisation that
builds digital artefacts by highlighting the generative capacity of an organisation: the capacity
of a group (e.g. an organisation) or human-made artefact to (re)produce or (re)generate
something new by rejuvenating it with indefinite possibilities (Avital and Te’eni, 2009; Ven, et
al., 2013; Yoo, 2012). It is inspired by multiple architectural design projects run by architect
Frank O’ Gehry’s office. Despite such huge complexity of those projects, in which diverse
ranges of stakeholder groups in architecture, construction person, engineering sides etc.
engage (Yoo, et al., 2006; Boland, et al., 2007), unique forms of his architectural design have
been successfully realised by the office's a series of prototyping processes (e.g. from Gehry's
conceptual sketching into the 3D rendering by using computer software etc.) to refine
concepts and forms (Boland & Collopy, 2004; Elsbach & Stigliani, 2018). Then, the design
organisation (i.e. Gehry’s design studio) shows the following attributes that can enable it to
perform its generative capacity to accomplish such complex architectural design projects
heterogeneous design stakeholders involve.

First, the organisational environment is open—ended (Yoo, et al., 2006; Avital and Te’eni,
2009). That enables stakeholder groups to engage in generative form giving: e.g. searching
for alternative design solutions and applying more design options followed by visualising and
simulating various unprecedented events for testing and examining abstraction (Avital and
Te’eni, 2009). Secondly, it shows an adaptive feature (Yoo, et al., 2006). That allows an
organisation to relate to a dynamic, changing environment, which in turn diverse designers
can be enabled to engage in their design tasks autonomously from each discipline’s
respective perspective (Avital & Te'Eni, 2009). Lastly, the organisation with enhanced
generative capacity values autonomous and self-guided design problem-solving processes
between individual designers. Then it can encourage design stakeholders from diverse
disciplinary groups to openly engage in co-design activities. It enables them to suggest the
best temporal solutions drawn from each discipline’s best practices (temporality), with little
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constraint from conventional assumptions (Yoo, et al., 2006).

Challenges in DPSS development as digital artefact design: increasing
unknown factors

Establishing a prototyping culture is challenging because of increasing unknown factors from
managing complex digital artefact designs. Digital physical product development practice
explicates such challenges in association with managing the unknown in digital artefact
design practice (Table 1). DPSS is accomplished by Digital-physical product development
practice: the organisational design practice applied in the transformation of previous non-
digital products into digital products and services by adding digital technology (Hendler,
2019; Svahn & Henfridsson, 2012). But it connotes the following modalities that cause such
unknown factors in the design practice: diversity, complexity, uncertainty, and
interdependency (Table 1).

Firstly, it is concerned with a high degree of diversity. Digital-physical product and service
development processes require considering information and knowledge from multiple
heterogeneous domains (software and hardware) (Hendler, 2019). The use of widely
distributed information and innovation networks promotes diverse co-designers engagement
in such generative design practices. But increasing heterogeneity in the knowledge creation
domain - e.g. hardware and software - should be dealt with to accomplish a design project.

Secondly, such heterogeneity-driven design practice causes increasing ‘complexity’ in the
design practice. Designers who experience only their own discipline or relevant knowledge
domains are likely to have difficulty understanding new design problems occurring in
heterogeneous components (Hendler, 2019).

Thirdly, such increasing complexity in the design practice presents concerns about increasing
the level of uncertainty in the design practice (Hendler, 2019). A design group that has rarely
experienced such heterogeneous design components requires more time and resources to
evaluate the information collected in order to generate new knowledge for problem-solving
(Milliken, 1987).

Lastly, considering all the above, the design practice is concerned with a high degree of
interdependence in accomplishing the design tasks. Functioning a digital artefact as a whole
is a result of an interdependent operation between all relevant hardware and software
components which contribute to digital product architecture (Yoo, et al., 2010) and
consequently digital artefact as a whole - e.g. digital product, service and product-service
system, platform. It is important codesigners engaging in the design practice consider how
those components would work, interdependently

Above all indicate that DPSS development demands a dedicated organisational approach to
prototyping in order to cope with such increasingly unknown factors in the design practice.
But it also implies to underline supportive organisational culture that can enhance its
generative capacity so as to promote dedicated prototyping in real organisational contexts
(Ven, et al., 2013; Boland & Collopy, 2004).
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Category Definition & attributes

Diversity A status that indicates that a variety of works, expertise and disciplines
have to be adopted in order to acquire the range of competencies needed
to perform an innovation process

Complexity Status that people are hard to understand and analyze their work due to
incrementally increasing new information from heterogeneous and volatile
organizational environment

Uncertainty A status indicating that people are incapable of predicting the future
precisely, due to a lack of information about it

Interdependency A status that indicates the extent to which diverse disciplines and
professionals collaboratively rely on, carrying out a complex innovation
process

Table 1. Definitions of key factors considered in digital artefact design practices (adapted from Boer & During,

2001)
Qualitative research approach

Case study: synthesis by explanation approach

In the empirical research a case study approach was used to offer exploratory insights (Yin
2009), employing an approach of ‘synthesis by explanation’ - seeking discernable patterns
from documentary sources that contain empirical qualitative data to supplement the author's
interpretation: e.g. qualitative case studies, interview quotes etc. (Rousseau, et al, 2008).
This is performed by using mixed qualitative methods techniques: incorporating the analysis
of original interview transcripts (over 76,000 words transcribed from recording the 23 in-depth
expert interviews done between August 2013 to September 2014) into that of a range of
multiple documentary sources, aimed at construct validity between those qualitative datasets
(e.g. books and academic journals which contain empirical data, interview quotes, case
studies etc. on those companies) (Bowen, 2009; O’Reilly & Kiyimba, 2015; Yin, 2009).

A total of three cases have been selected to analyze: Sony, Samsung and Theranos which
have influenced one another in terms of design philosophy and design strategy: Sony's
design philosophy inspired Steve Jobs' Apple product design (Isaacson, 2011) and
Samsung's design philosophy (Cain, 2020); Also, Apple’s design philosophy and strategy
inspired Samsung’s (Cain, 2020) and entrepreneurship of Theranos as well as her
company’s product and service design (Carreyrou, 2018). In common, those provide DPSS
types of offerings: Sony and Samsung (diverse ranges of their digital service and contents
via their hardware handsets) and Theranos: healthcare service (diagnosis & advice) via its
medical devices.

The collected qualitative data were analyzed in a thematic analysis approach (Braun &
Clarke, 2006). Initially, the interview transcripts regarding Samsung & Sony cases generated
472 reference codes. These were regrouped into the eight subcategories related to major
causes of organisational concerns which may impact prototyping. From the subcategories,
the four key main themes were drawn in relation to key organisational characteristics that
may be caused by those organisational factors indicated in the sub-categories (figure 1).
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The key themes were used for the initial analysis of the two cases (Sony & Samsung), and
then to be recounted the case, Theranos with the review of a range of documentary data
sources, aimed at enhancing triangulation between the qualitative datasets and construct
validity between the cases (Yin 2009).

Sub categories drawn the initial coding Key themes
{Causes of concems in protolyping) (Reflective characteristics of an organisation
in protolyping)

Inherited domain legacy & dominant
logics

Dominant logics and analogies in
prototy ping

Dominant design analogies

Conventional assumption in a
normative organizational structure

Multiple power reliant & uncertainty
avoidance organisational attitudes

in prototyping

Multiple authorities in informal
organizational structure

Particularism & exclusion between
individuals and design groups in a
design project

Politicised design process &
exploitation of prototy ping

Characteristics of powers & leadership
reflected in design processes &
prototyping - expertise & tacit attitudes

Types of bureaucratic instruments
adopted in design processes &
prototyping Prototyping reflecting integrated
social material practices of an
organization

Purpose in of prototyping
= Exploitation vs. Experiential learning

Figure 1. The coding structure & main themes
Findings

Sony: peripheral prototyping

As the digital age began, Sony businesses have been faced with critical challenges from
their global rivals, Samsung and Apple (Chang, 2009). It led to the step-down of Ryaoji
Chubachi, the company’s CEO in April of 2009, as a result of being blamed for the defeat of
Sony’s electronics division in competition with those two global rivals, during his reign. In
February 2014, due to poor sales, Sony sold off its VAIO computer division to Japan
Industrial Partners (JIP) for 50 billion yen to focus on its mobile business (Smith, 2014).
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In 2017, its mobile (which had operated as Sony Ericsson Mobile Communications until
2012) global market share dropped to less than one percent of the global market (Sunnebo,
2017). On April 1, 2021, Sony Mobile division alongside its electronics businesses vanished
by being integrated into one company called Sony Corporation.

Dominant hardware-oriented analogies

The enduring hardware domain of Sony contributed to fixating a strategic design approach
on their existing dominant logic used for hardware product development, as concerned about
a range of explicit considerations on existing resources utilized in hardware manufacturing in
a marginal economic sense (e.g. efficient production with minimized costs, and maximized
profitability). But it consequently prevents the design group from adapting it to strategic
business model innovation to utilize heterogeneous and generative design practice needed
for DPSS.

"It's something to do with cost things within the hardware-based company. Because tooling is
obviously very expensive. They are more expensive than the infrastructure related to service
stuff. [...] So when a project starts off, for example, | have to go and say, "Who is going to
pay for my time?" The budget holder will be engineering. Always engineering because it is
concerned with cost." (19)

Multiple powers reliant design-decision making processes

Back in 2013 and 2014, Sony still showed a conventional organisational form that relies on a
widely divisionalised organisational structure; aimed at traditional manufacturing practices
and the linear and hierarchical manufacturing process (also Chang, 2008). Its design process
rather relies on obscure decisions made by multi-layered power structures. Accordingly,
conventional Asian organisational culture characterised by collectivism (based on in-group
respect) and power-centric organisational attitudes (hierarchy between superiors and fellow
members is an existential inequality) (Chang, 2009; Hofstede, et al., 2010; Cain, 2020)
pervaded in design-decision making processes. Those hinder creating an open-ended,
autonomous and self-adaptive organisational mood to cope with such complex and uncertain
design practices, as remarked following:

“In Sony, teams are created based on understanding and mutual respect. So | had been a
project planner. | was working with them for three or four years. We really work hard together.
We respect each other. So then whenever we had a different project or even none of my
area, we always say "l would like you to ask 'Ra- San". Because he trusted me. Because he
can assure his boss. Then the boss authorizes me. It is like sub-hierarchy [...] it's a weird
mechanism. It's not like army like structure where orders take place like a machine, but
rather political and group-oriented; everything under one head in one house.” (19)

"There was a product that we wanted some years ago, called Xperia Play. But the device
launching got delayed. The project was kind of zombie, die and come back again. It's
because the top management from all divisions had to reach an agreement such as; who
does what? who does this part for software? Who would own the product part? Who would
be responsible for launching? and so forth." (23)
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Lack of expertise in the power structure

The such organisational mood is also attributed to a leader's characteristics shown in key
design-decision-making processes, such as lack of professional and educational
backgrounds on digital artefact designs, which may cause a high level of uncertainty
avoidance attitudes across the organisation as such complexity increases. It was involved
not only with middle-level management — e.g. mostly hardware engineers who lack software
domains but also the top management as evidenced in the case of former CEO, Howard
Stringer who served until 1 February 2012.

"Their approach to software is also hardware-oriented. The owner of the project, the general
manager is the hardware owner. Now the software general manager reports to the hardware
general manager.” (19)

"Our CEO didn't have a product-related background but has media relevant background.
Howard Stringer reigned for the company but he didn't understand product as much as
media. For him, the strategy was about selling product by utilizing media. So he didn't really
track too much the product development cycles, nor focused on product itself." (23)

Absence of prototyping process

Such organisational attributes to failure to establish a generative organisation for DPSS were
manifested in the absence of a prototyping process while digital product and service
development processes were undertaken. Instead, design projects had sporadically taken
place in a reductive manner, upon request by such organisations without a long-term
strategic roadmap and exploratory, as remarked following.

"Sony didn't have the prototype part in the design division but rather a small one consisting of
one or two people. They are nothing really. [...] Sony makes TVs. Now Google TV comes

out. Sony was panicked then. So, it makes a partnership with Google. And they would say
"We are going to make a partnership secretly with such scalable companies in three years.
Then we are finding our own system.” (19)

Samsung: coercively coordinated design process

Since Samsung Electronics launched its business in January 1969 as an OEM maker of a
range of hardware electronic products for a Japanese electronics maker (Panasonic), its fast-
follower strategy has driven mass production of its hardware product lines (Chang, 2009) and
it contributes to achieving its status as the world top-ranked mobile handset maker with its
original brand, by overcoming its handicap as an OEM maker. Despite that, as digital
innovation competition began its design strategies and creative capacity associated with
digital product and service designs have been in question (Wilson, 2015; Cain, 2020), as
evidenced by multiple incidents in the company involves. From 2011 to 2018 the company’s
design of its 13 flagship Galaxy S lines has been involved with copycat issues with Apple’s
iPhone and iPad due to the similar look and feel of the devices and the software designs
used (e.g. bounce-back response and the tap-and-zoom gesture): in the US, the case has
been eventually closed in 2018 with the final verdict of the U.S. District Judge in San Jose,
California; Samsung has to pay $539 million for its fine for the infringement of Apple’s design
(Kastrenakes, 2018). In 2016, its Galaxy Note 7 flagship product has been involved with the
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issue of technical design failure: overheating and/or exploding issues throughout the
overcapacity of the battery built into the device, which results in banning the possession of
the device from all US air flights due to the possible risk of accidental fires (Cain, 2020).

Dominant hardware-oriented analogies

Back in 2013 and 2014, Samsung design groups were broadly governed by existing
dominant logic rooted in its hardware domain which consequently presented multiple
challenges to its business model innovation and changes of design strategies towards
holistic DPSS (Chesbrough, 2003; Nagaraj, et al., 2020), as described as follows:

"Our designers often say 'Our scope is only up to here because we are a manufacturer.’
They said this company is aimed at manufacturing for mass production [...] there are several
proposals delivered by a product planning team or the relevant departments. The drafts tend
to include specifications and details for the proposals. But engineers' inquiries tend to be
considered leading to the acceptance (of the proposal) without further assessment because
of their mathematical evidence, whereas designers’ ones are unlikely. Because there is no
rigorous design initiative process led by designer groups.” (21)

The hierarchical power structure and politicized design processes

Samsung also suffered hierarchical design- decision-making processes relying on multiple
power structures. But interviewees reported more uniqueness in association with Korean
organizational culture, concerned with seniority, rank, and kinship, as follows:

"Hierarchy is very important in my current company. | found that Korean colleges in Seoul are
unlikely to speak up or show their opinions if their ideas are different from their managers.
Following the order in the company is routine." (15)

"I strongly feel like | am in the Korean army service culture, seriously. Although we are a
design team if seniors in management parts ask to change a draft and say that is wrong.
Then, design idea must be changed. If superiors think it is wrong, it is wrong without
reasons” (21)

Such a unique organisational environment fosters a politicised organisational atmosphere.
Particularism and exclusion between design units in product development pervaded,
presenting territorial conflicts between those sub-design units and/or authorities in design-
decision-making. Then, strategic decisions were shown to be made by following a status
quo’s political interests, instead of professional ones, as remarked by the following.

"A design project must be carried out by dedicated collaborations between diverse design
and non-design groups from software, hardware, marketing, product planning teams etc.
However, | often found that a new project requiring extra work to another team or those
groups are likely to be less considered or hesitant implicitly." (2)

“How to treat superiors is very important in the Korean company; quick revision of a draft and
readily response to their inquiries are all related to it. By doing so, those fellow designers can
be acknowledged by their superiors and gain significant kinships with those superiors [...] in
this mobile division, most design ideas tend to be confirmed and decided by the head of the
division, CEQ, instead of the design group's one. It means that such good relationships with
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the CEO are vital in proceeding with a design project.” (21)

Formalized prototyping process

Within that organisational environment, genuine prototyping is unlikely to take place in
practice. Instead, it was seen as organisational formalization activity. Its product and service
development processes required various formats of documentation and demanded multiple
authorisation processes with superiors' requests for relatively high-fidelity prototypes. In the
process harsh brevity abruptly done by superiors was reported. In-depth user research and
prototyping were therefore unlikely or even ignored. Those are illustrated as follows:

"There is one parable in Samsung then. If you lay this iPhone 4 flat, a volume button will
appear on the screen and this can be a shutter button too. But this function was not featured
in the iPhone 1 or 2 series. At that time, a Samsung engineer who was the deputy manager
suggested this idea to his director. But the idea has been immediately rejected by him, and
was told, 'What a meaningless idea it is! Why didn't you do more valuable research on it?”
[...] there are still limitations in speaking up in Korean companies, which causes negative
effects.” (17)

"In the Korean company, it could be very difficult to coordinate such design workshop
because it seems to be differently comprehended. Such design workshop even requires a
tangible design output. [...] in the case of such big design workshops, mostly a director tends
to dominate it and then general managers follow up with him or her by giving a few
comments. Then it is wrapped up. It looks like a school lecture. [...] design process requires
in-depth studies of human needs in a social science studies approach. But we don't have
time to study it. Design output must be generated within a week and confirmed by the top
management. Then it comes to prototyping which era meant to be the final output.” (21)

Theranos: prototyping as the politicized manifestation

Theranos has been established in 2003 by a Stanford University drop-out student, Elizabeth
Holmes at age 19, who fascinates Apple, and the founder of the company, Steve Jobs. It had
gained great attention from the public with the company’s innovative medical product and
service systems (Edison followed by miniLab, a more miniaturized one); arguably claimed to
offer a broad range of clinical diagnostic test services via those. While those machines use
an existing blood testing technique (called ‘chemiluminescent immunoassay' that has been
already suggested by an academic at Cardiff University in the 1980s in the UK) the company
claimed with only a couple of drops of blood collected via a finger prick, those nanotainers
can collect and test the blood sample for diagnosis of a hundred of diseases. However, in
2015 a medical research professor, John loannidis, Eleftherios Diamandis and journalist
John Carreyrou raised questions about the validity of the company's technology. Soon later
all technologies the company proposed were revealed as not valid or fake. By June 2016,
the founder, Holmes's net worth had fallen to nothing from $4.5 billion. Then, the company
also eventually vanished on September 4, 2018, after several years of lawsuits, and
sanctions.
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Autocratic leadership and limited comprehension of design

While the company’s DPSS had gained such great attention from the public, the founder,
Holmes had been also famed as a representative female figurehead who could be
outstanding in such a male-dominated business world. But at the same time, her eccentric
characteristics adopting partial male traits in her public presence had also gained attention
(e.g. the product, Edison branded with the historically noticeable male inventor). But her
characteristics were reflected in her relentlessly autocratic leadership and lack of work ethic
(Dundes, et al., 2019).

In the prototyping process, her eccentric traits were also presented as a lack of professional
empathy, shown limited understanding of design and a lack of work ethic. Inspired by Apple’s
design, Holmes broadly mimicked Apple’s approaches in terms of design, and personal and
corporate branding — e.g. the founder claimed the company’s system would have to be ‘the
iPod of health care. But her understanding of design was limited only to design as styling or
form-giving. Her relentless inquiries to its design group present the evidence in the following
parable:

“Ana (former Apple designer, Ana Arriola who was recruited as the chief design architect in
2007) was responsible for the overall look and feel of the Edison. Elizabeth wanted a
software touchscreen similar to the iPhone’s and a sleek outer case for the machine. The
case, she decreed, should have two colours separated by a diagonal cut, like the original
iMac. But unlike that first iMac, it couldn’t be translucent. It had to hide the robotic arm and
the rest of Edison’s innards.” (Carreyrou, 2018: p31)

Exploitation of prototypes

The company seemingly well embedded a prototyping-driven approach across its product
and service development process, seen as a design-centred organisation (Straker, et al.,
2021). But the company willfully exploit its prototyping process and the outcomes. Once the
first version of the prototype, called, Theranos 1.0 was made, the company prioritized using it
to validate its business viability first: with the malfunctioned prototype, the company sought to
obtain a license on the blood testing technology from pharmaceutical companies, gain
attention from the public through a media, and for recruiting professionals. An anecdote on a
malfunctioned prototype used for recruiting Edmond (called Ed) Ku, a chief engineer of the
company illustrates that.

“A member of Theranos’s board had recently approached him(Ed) about taking over
engineering at the start-up. If he accepted the job, his task would be to turn the Theranos 1.0
prototype into a viable product the company could commercialize [...] It didn’t take Ed long to
realize that Theranos was the toughest engineering challenge he’d ever tackled. His
experience was in electronics, not medical devices. And the prototype he’d inherited didn't
work. It was more like a mock-up of what Elizabeth had in mind. He had to turn the mock-up
into a functioning device.” (Carreyrou, 2018: p19)

Showcased prototypes

Holmes showed great talent in raising ventures from high-profile investors with the
exploitation of quirky, malfunctioned prototypes. The amount of venture capital the company
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collected was recorded at more than US$700 million and the company’s valuation reached a
peak of up to $10 billion between 2013 and 2014. Amid the business success of the
company, its other prototype had been wilfully exploited to present the founder’s delusional
vision and to uphold her socio-political status quo by realising a home-based miniaturised
laboratory, called minilab, which has never been technically validated. Amid increasing
dubiousness about the technologies presented in its prototypes, the company invited the vice
president of the US, Joe Biden (current US president) to the company to gain more public
attention. To impress him the company created a fake lab that was otherwise fully automated,
by lining up malfunctioning prototypes of miniLab on the shelves of the fake lab.

“Holmes and Balwanin wanted to impress the vice president (Joe Biden) with a vision of
cutting-edge, completely automated laboratory. So instead of showing him the actual lab,
they created a fake one [...] the date of the visit, most members of the lab were instructed to
stay home while a few local news photographers and television cameras were allowed into
the building to ensure the event got some press. Holmes took the vice president on a tour of
the facility and showed him the fake automated lab.” (Carreyrou, 2018: p265)

Implications

The analysis of the three cases now answers the research question iii) how those
organisational components and barriers might impact the prototyping process and
organisational material practice as a whole.

The unknowns and dominant analogies in the design practice The analysis of the finding
demonstrated that at the beginning of such a competitive race of digital innovation, the
increasing need for considering heterogeneous components in the generative design
practice (digital artefact design) is a major source of organizational concerns on increasing
complexity and uncertainty: i.e. heterogeneous components considered in the generative
design practice as the unknown. An organisation with a lack of generative capacity,
therefore, tends to show its incompetency in managing DPSS projects. Adhering to dominant
design analogies and dominant logic in the design processes can constrain design groups’
autonomous design problem-solving that is otherwise performed by individual designers’
professionalism in an open-ended organizational environment. The case analysis
demonstrated that such an organizational environment can even cause ‘design fixation’ in
prototyping, which may perhaps lead to similar designs in final design outputs (Youmans,
2011; Crilly, 2015): Samsung’s top management’s high demands for high-fidelity prototypes
within a short time (such organisational atmosphere and conflicts with Apple between 2011
and 2018; similar looks and feels of Samsung product and service designs with Apple’s.

Prototyping as an organisational material practice that mirrors an organisation’s
bureaucratic approaches to managing the unknowns The findings show that the
prototyping process can play a role as a bureaucratic instrument to manage such unknowns
in such complex design practices, even seen as part of organizational formalization.
Characteristics of the bureaucratic instruments adopted in the prototyping process present
such evidencing indicator: how an organisation may formalise its material practice to cope
with emerging uncertainty and complexity, by requesting a range of organisational
formalisation in prototyping. These can be seen broadly, as coercive or enabling types (Adler
& Borys, 1996). As evidenced in the case studies, hierarchical and dominant logics in design
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processes likely utilize coercive types of organisational formalisation to deal with such
unknown factors in the design process: continuous requests of documentation, calling for
the best high-fidelity prototype, sought by the top management (Samsung); prototyping as a
part of the mundane process in a complex web of power structures (peripheral prototyping in
Sony), or completely misleading prototyping processes or exploited prototyping outcomes for
political showcasing (Theranos).

Oxymoron in prototyping: coping with the unknown vs. exploiting the unknown Digital
artefact prototyping involves highly dynamic and discursive design practice that should cope
with a range of unknown factors in the generative design process. It can thus lead an
organisation to present its tacit features explicitly in the design process, compared to static
and linear design practices. Under the condition of such increasing unknown factors in the
design practice, such tacit organisational attitudes related to autocratic and hierarchical
power structure can be reflected in how it utilises its bureaucratic instruments: e.g. coercive
bureaucratic instruments to best minimise risks from taking such unknowns. In this condition,
prototyping can be purposely manipulated or misled in an exploitative manner by one who
considers the unknown as his/her opportunity to uphold the status quo. Experiential learning
and novelty of a design output are unlikely to be considered; instead, prototyping is seen as
part of formality which can highlight the presence of such powers: high-fidelity prototypes
sought the top management’s approvals, (Samsung); and staged prototypes to present a
politicized leader’s social and political status- quo (Theranos).

This research confirmed that prototyping the digital artefact (e.g. DPSS) is socio-material
practice accomplished through a series of organizational discourses between multiple
artefacts (e.g. hardware, software, design practice etc.) (Suchman, et al., 2002; Orlikowski &
Scott, 2008). However, coupled with such conventional organizational assumptions, as
opposed to generative ones, increasing unknown factors from dynamics in the digital artefact
design practices have an organisation with a lack of generative capacity present its
delusional vision in an exploitative manner by presenting its dubious design outputs: the
unknown is thus likely to be exploited; not coped with — i.e. oxymoron in prototyping.

Concluding remarks

This exploratory study demonstrated how prototyping can mirror key features of an
organisation as an organisational material practice. Such features can prominently appear in
a condition of increasing unknown factors in the digital artefact design practice (e.g. DPSS
practice), which are unlikely to appear in a static and homogeneous condition; then it can be
miscomprehended, misled or purposefully exploited. It indicates that such organisational
concerns about unknown factors can become a major source of a politicized design process
coupled with an organisation’s bureaucratic manner.

Yet, findings from the analysis of a limited range of qualitative data sources leave
unanswered questions on how such challenges from the generative and heterogeneous
design practice can be tackled in a ‘designerly’ way, and how such oxymoron in prototyping
(e.g. experiential learning for coping with the unknown vs. exploitative manipulation with the
ignorance of the unknown) can be embraced in actual organizational settings. Then it
presents another concern on how future organisations might be able to deal with such
increasing demands for experiential learning from prototyping with little concerns about such
organisational manipulation in a real organisational context.
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Concerning this, this research suggests follow-up studies on how the management of
generative and heterogeneous design practices might have to be approached in association
with digital artefact design with which DPSS is associated. To suggest a comprehensive
framework that can account for a prototyping-driven organisation in a digital age (e.g. design
thinking organizational culture in the digital age), various types of digital artefact design
practices by different organizational contexts (e.g. size, industry, types of offerings etc.) need
to be examined empirically.
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Appendices
Interviewee | Job Position Work base (at Position (Years of
Tags the time of the work experience at the
interview) time of the interview)
1 In-house Designer at HP Singapore Senior Level (7)
2 Samsung Designer S. Korea Senior Level (10)
3 User Experience Designer at SingTel | Singapore Senior Level (14)
and former Samsung Designer
4 User Experience Consultant Singapore Senior Level (8)
5 Design Project Lead at Panasonic UK | UK Senior Level (Unknown)
6 Design Consultant UK Chairman (30)
7 Design Consultant UK Director (16)
8 Design Consultant UK Creative Director (20)
9 Samsung Semiconductor Engineer S. Korea Senior Level (9)
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10 Entrepreneur and former Samsung S. Korea Executive (14)
Camera Engineer (formerly Samsung
Techwin)
11 Design Researcher and Consultant UK Senior Level (10)
12 Design Consultant UK Senior Level (8)
13 Project Manager and Designer UK Senior Level (8)
14 Service Designer UK Senior Level (9)
15 GUI Designer at Samsung UK UK Senior Level (15)
16 Design Researcher and Consultant UK, Senior Level (7)
S. Korea
17 Global management consultant and S. Korea Senior Associate (12)
former LG Mobile Phone Developer
18 Design Consultant UK Senior Level (10)
19 Interaction Designer at Microsoftand | UK Senior Level (10)
former Sony, HTC, and Nokia
Designer
20 Design Consultant UK Director (18)
21 Samsung Designer and former Sony S. Korea Senior Level (10)
Designer
22 Design Consultant UK Senior Level (7)
23 UX Designer at Google and us Senior Level (10)
former Sony and HTC Designer
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Abstract

This theoretical article explores how design prototyping for technological solutions with public and social
dimensions (e.g., data-centric public services) might represent a practice that fosters social learning for
policymaking. The paper contributes to two contemporary strands of design research: i) design prototyping
in public service innovation processes as a means for designing with institutional arrangements; ii) the role
and object of design prototyping in “design for policy’. The central thesis is that, through prototyping, the
designing of public technological solutions could become a source of policy knowledge and a driver of
policy learning. Therefore, the contribution of designers and design practice might go far beyond the
prototyped solution and impact the policy dimension. The article develops an interdisciplinary review to
support this perspective, connecting three blocks of theory: i) the enactivist framework, from cognitive
science; ii) the social learning framework, from social studies of technology; and iii) the policy learning
concept, from policy studies. The review highlights that an enactivist approach helps in appreciating the
difference between professional design settings and other social settings in the context of technological
innovation, essentially by conceiving cognition driven by the practice of design prototyping as deeply
entangled within social and cultural dynamics. The article then attempts to connect theory with practice by
discussing an example of service prototyping of a data-centric service for social purposes and its policy
implications. In conclusion, authors propose open points for making prototyping meaningful for design for
policy and designing with institutional arrangements, starting with the conscious role designers must
assume toward institutional constraints during practice.

Enactivism, social learning, technological innovation, public innovation, design for policy

Already ten years ago, some authors keenly noticed that “the landscape of design is constantly
changing” (White et al., 2012, p. 1). Until the Eighties, most design profession specialisms
regarded graphics, textile, and industrial products (Julier, 2017). Later on, new design
specialisations emerged with designers entering into new professional areas (e.g., interaction
design, design management, service design, etc.) (Cooper, 2019; Julier, 2017; White et al., 2012),
As design education and research followed these changes (Cooper, 2019), design curricula and
disciplinary boundaries expanded into new areas (Buchanan, 1992). Already seventeen years ago,
some scholars advanced that the product of design would no anymore be an artefact but: “[...] an
event-oriented toward a result.” (Manzini & Bertola, 2004, p. 20) and designers would play the role
of “[...] design specialists which use their specific capacities and competences to make event
oriented toward a result happen” (Manzini & Bertola, 2004, p. 22).
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These specific remarks captured two paradigm shifts that characterised the design evolution
toward complex systems (Buchanan, 1992): the object of design moving from the tangible world
(i.e., artefacts) to the intangible (e.g., end-user experiences, systems of production) (Géransdotter,
2021); the design action becoming a form of collaborative problem setting and an inquiry process
(Julier, 2017). These changes have resulted in design being seen as a specific form of practical
intervention for responding to social problems (Markussen, 2017). Under these circumstances
(Julier, 2017), design professions — e.g., UX and service designers — have increasingly entered
the public sector, mainly through innovation units and labs (Bason & Schneider, 2014; Buchanan &
Junginger, 2014), not only to design better services but also to address social issues in line with
existing policy agendas. Designers in these contexts often use rapid prototyping to prefigure future
solutions and mediate between institutions’ and stakeholders’ views (Kimbell & Bailey, 2017; Vink
& Koskela-Huotari, 2022).

These new practices are emerging with several critical questions. For example, design is often
irreconcilably presented as both a positive force and a neutral and value-free instrument
(Prendeville & Koria, 2022), and factors such as aesthetic knowledge get downplayed in favour of
a cognitivist view of design methods (Wetter-Edman et al., 2018). Two main areas in design
research seem to be particularly touched by these critical questions: public sector innovation
through service design (van der Bijl-Brouwer, 2022; Vink et al., 2017) and “design for policy”
(Kimbell & Bailey, 2017; Mortati et al., 2022). The former focuses on the potential value of service
design for reflexivity (Vink & Koskela-Huotari, 2022), where prototyping could make stakeholders
involved in the public sector design process aware of existing social structures and power
imbalances (Vink et al., 2017). The latter advances that design prototyping could be a space for
new experimental and collaborative forms of policymaking (Deserti et al., 2020; Kimbell & Bailey,
2017) and an essential step of policymaking as designing (Villa Alvarez et al., 2020).

This paper adds to existing work on the role of design prototyping in the public/social sphere and
for policymaking, asking: what could be the value of design prototyping when used for
technological solutions with public and social dimensions?

Theoretical review

The presented interdisciplinary theoretical review aims to understand the role of design
prototyping for technological innovation and solutions in public and social domains and
building a conceptual tool for argumentation. The review employs an opportunistic approach
by considering theory from several disciplines according to the potential roles of design
prototyping at the micro-/meso-/macro-levels (Table 1).

Table 1: Synthesis of the theoretical review levels presented in this section

Level Design Prototyping might affect.. Theoretical framework or perspective considered (discipline)
Micro individual cognition Enactivism (cognitive science)

Meso social interactions and groups Social Learning in Technological Innovation (STS)

Macro norms and policies Knowledge utilization in policy and policy learning (policy studies)
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The enactivist framework

The enactivist framework (Ward et al, 2017) represents one of the most articulated critics to the
cognitivist paradigm, hegemonic in cognitive science until recently, which conceives cognition as an
individual process, situated in the brain. Cognitivism advanced that the central nervous system is
analogous to a computational machine that receives inputs from the environment, utilises them to
produce representations of the world and organises behaviour accordingly (Watson and Coulter,
2008). In contrast, enactivism essentially proposes that the human mind is inseparable from the
functioning of an organism’s body as a whole.

This proposal emerged from foundational scholars of enactivism, who were interested in studying
cognition as a way to clearly distinguish between living and non-living systems (Maturana and Varela,
1987). They recognized two conditions that distinguish a living system: (1) it features self-
organisation, since it can reproduce its own internal constitutive elements and processes, by letting
in energy (impulses on sensory organs) and matter (oxygen and food) coming from the environment;
(2) the self-organisation process demarcates the organism from its own environment, entailing some
degree of systemic ‘closure’. Such conditions imply that self-organisation is a process of mutual
definition between an organism and its environment, since one would not exist in absence of the
other:

“Cognition and world are interdependently originated via the living body. [..] a cognitive
being’s world is not a pre-specified, external realm, represented internally by its brain, 153uti
s rather a relational domain enacted or brought forth by that being in and through its mode
of coupling with the environment” (Thompson, 2016, p. xxvii).

Following the enactivism framework cognitive processes are necessarily also social (Di Paolo,
2018), since the environment with whom an organism couples itself is social as well as physical.
While a definite enactivist description of social processes is still unsettled (McGann, 2014),
enactivism is fostering a reformulation of the social side of cognition. The tacit coordination involved
by social relationships (Heft, 2007) entails the mutual co-definition of self-organizing patterns of
individuals, which synchronize and let emerge what is perceived as a shared and objective
environment (Durt et al., 2017). The concept of affordance — i.e. the set of possibilities and the
constraints that a particular environment represents for an organism (Gibson, 1966) — helps further
in collocating enactivism in social dynamics. Affordances are reframed within enactivism as socially
constructed and shared, because they coincide with the coupling of self-organisation patterns of
different individuals (Elias, 2017; Rietveld et al. 2018).

Social Learning in Technological Innovation framework

The concept of social learning was developed to overcome the inadequacies of the previous
deterministic accounts of sociotechnical development. Early social studies of technology
conceived technology as an embodiment of social structures and values, realised by
engineers and designers (Noble, 1978). Use and diffusion of technology were seen therefore
as unidirectional processes, with a linear movement from designers to final users. Choices
taken during design time were assumed to determine final use and its social consequences.
Further research on innovation processes, however, highlighted the fact that technical
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improvements emerge often from the very use of technologies. Gradually mastering a
particular artefact, users can apply their expertise backwards and improve the artefact itself
(Serensen, 1996).

Such research framework, labelled as Social Learning in Technological Innovation (SLTI)
(Williams et al., 2005) highlights the circular dynamics between the creation of human
expertise and technical innovation, underlining also how this 154uti s154154 s deeply
embedded in wider networks of relations, between different expertise, industries, and social
groups. Power and economic interests, as well as political and social conflicts were
integrated as factors that influence the learning process entailed by the interaction with a
technology.

SLTI pointed out that innovation coincides with the back-and-forth of different actors around
technology (Stewart and Hyysalo, 2008), thus, innovation has been recognized as a process
that includes designers, users, and other intermediary actors. Accordingly, the terms
innofusion and diffused innovation emerged to indicate that diffusion and innovation should
be considered two sides of the same historical process (Fleck, 1988; von Hippel, 1988).

The core element of the SLTI framework is that not only the design, but also the use of
technology is an active process. SLTI acknowledges that social groups tend to re-collocate a
new technology within their existing knowledge, practices and routines, following their
interests and purposes. The process of re-collocation, called appropriation or domestication,
is crucial to effectively use a technology within a new social environment; while
implementation involves a re-shaping of the technology role itself, necessary for users to
interact effectively with it. Technical systems trigger changes of social routines, which need to
be adapted to construct an efficient environment of use. The users’ appropriation of a new
technology is therefore unavoidably social also because they acquire expertise by interacting
with each other, rather than only with the technology itself.

Knowledge utilization and policy learning

The studies of knowledge utilisation for policy have a long history, particularly relevant during
the 70s/80s (Radaelli, 1995) and briefly revived by the evidence-based policy movement
(EPM) (Strassheim, 2018). While EPM advocated for policies to be based only on scientific
evidence, knowledge utilization and recent ethnographies on public officials work (Maybin,
2016) clarified that policy-relevant knowledge is not only produced by experts (e.g., policy
analysts), researchers or scientists. Policy actors might be willing to incorporate
scientific/expert evidence, but are often limited in doing so because of the controversial
nature of policy problems and tight time constraints for deciding and acting (Strassheim,
2018). Under such circumstances, certain policy decisions might be informed by
scientific/expert knowledge, while others privilege other types of knowledge/ evidence
(Wesselink et al., 2014). For these latter contexts, policy workers might privilege non-
scientific but more accessible sources (Pawson, 2002; Strassheim, 2018; Tenbensel, 2006),
largely relying on their experiential knowledge (Maybin, 2016). What counts as relevant
policy knowledge/evidence is therefore highly dependent on specific contexts and policy
problems under question, as well as the strategy of knowledge utilisation of policy workers
(Wesselink et al., 2014).
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These knowledge utilization practices had been regarded as the micro-foundations of policy
learning. Policy learning has been considered a type of social learning that can be
institutionalised to drive policy change (Hall, 1993). Accordingly, change and innovation at
the policy level could be not only dependent by political power plays, but the “puzzling” of
policy actor on public problems (Heclo, 1974). Policy learning became a well-established
field of the policy studies and potential interpretative lens of the policy process (Dunlop et al.,
2018). In contrast with knowledge utilisation, policy learning is intended to explain also
unintentional dynamics of knowledge within networks of actors involved in policy (Heikkila &
Gerlak, 2013). However, policy learning as explanatory variable of policy change presents
limitations, since it remains difficult to isolate the causes of learning or even when learning
does not occur. As a consequence, the link between policy learning and policy change
remains investigated by many but never presented as obvious (Moyson, 2017).

Insights for design prototyping from the reviewed theoretical
frameworks

This section highlights the main concepts and perspectives emerging from the reviewed
theoretical framework, highlighting how they can support design prototyping in public/social
domains and policymaking.

The concept of Co-definition: challenging status quo through prototyping

Enactivism describes the mutual shaping between organisms and environments through co-
definition, i.e. the circular constraining of minds and environments (Di Paolo, 2018), thus
confirming, through a cognitive science perspective, the active role of users in the use of
artefacts. Co-definition implies that cognition and perception emerge in individuals only by
interaction with their environment, which is both physical and social. At the same time, the
emergence of an individual’s mind is not linearly determined by the incoming stimuli. The
reception of stimuli from the environment depends on individuals’ self-organisations. It
follows that cognition and perception are always potentially creative processes rather than
mere recognition and representation of external objects (Varela et al., 2016).

The enactivist framework helps us to change how we conceive design prototyping activities.
The continuative use of the same artefacts impacts the self-organisation of an individual’s
cognition (Kirsh, 2013). Such ‘incorporation’ of tools is not automatic and depends on
repeating interactions between the subject and the artefact. It represents a learning process,
which also entails a profound shift in the user’s mind since it changes the boundaries of what
is thinkable and perceivable. Enactivism provides a strong argument for the power of design
prototyping to disrupt perceptions at the micro-level through bodily and aesthetic experience
(Wetter-Edman et al., 2018), which in turn might be the first step to invite stakeholders to
challenge the status quo in the public sphere.

Design as social learning and co-definition processes

The SLTI framework has been applied to professional design settings, describing 155uti
s155 social learning processes within wider innovation networks (Stewart & Williams, 2005).

155



In contrast to the claim that designers inscribe a defined set of affordances within artefacts,

SLTI has pointed out that innovation should be conceived as a continuous integration of
choices outside of design and engineering laboratories (von Hippel, 2009). By considering
innovation as designers’ prerogative, the user-centred design theories have not entirely
overcome a deterministic and linear view of innovation (Woolgar, 1991), thus missing the
possibility of understanding innovation processes in broader social contexts (Bogers & West,
2012).

SLTI presents interesting affinities with the concept of co-definition from Enactivism. STLI
opens new insights about the continuity between professional design and socially diffused
innovation. From such a perspective, designers inscribe in artefacts a spectrum of the
possibilities of affordance rather than a closed set. During diffusion, some affordances of the
such spectrum are suggested to users through other channels, like printed instructions,
training programs, organisational routines, etc. These explicit affordances are the more likely
to be used. However, drawing on Enactivism, the affordances that the artefact furnishes to
users depend ultimately on the specific co-definition enacted by the latter with their
environment. It is such a process of co-definition that allows users to activate artefact-
dependent ‘sleeping’ affordances or even create new ones.

These perspectives support the idea that design prototyping in the public/social sphere is an
effective way to collectively explore and learn about a public issue. Prototypes offer more
possibilities to non-expert stakeholders to take an active and creative role in the design of a
policy, due to the capacity of prototypes to open different paths for co-definition to which
stakeholders can react.

Design prototyping as a strategy to impact policy learning

Research has already highlighted how prototypes can be understood as tools through which
professional designers reflexively orient their agency (Dalsgaard, 2017). Such role of
prototypes is pointed out also in the case of team or participatory work: different expertise
and points of view can interact successfully through the shared playground represented by a
prototype. Indeed, research has widely recognised prototyping as a tool to synchronise a
team, focusing teamwork towards realising a precise output (Star & Griesemer, 1989; Vinck
& Jeantet, 1995).

Drawing on enactivism, prototyping is so effective because it allows designers to experiment
with different kinds of co-definition with the environment in a rapid and trial-and-error manner
(Kirsh, 2013). In this way, designers can purposely challenge what participants think and
perceive, stimulating the emergence of new possibilities and ideas. The use of prototypes
helps designers not only notice new affordances but actively create new ones that did not
exist before the very creation of the prototype.

In policymaking, prototypes can become tools that designers use for translating between tacit
experiential and professional knowledge into policy framewoks. As experiential knowledge of
policy workers and civil servants is essential to translate high-level directives into actual
policies and services (Maybin, 2016), design prototyping could be strategically used to
increase the degree of possible choices in front of policy makers, and to integrate
perspective from stakeholders active on the operational level.
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An example from practice: prototyping a data-centric system for
food donation

In this section, we provide an example of design prototyping practice from the experience of
one of the authors, intending to provide a clear context in which our argument applies.

The example described was part of “La Cucina Collaborativa”', a citizen engagement project
jointly developed by The Design Policy Lab (DPL), a research lab at the Department of
Design (Politecnico di Milano) and Caritas Diocesana Reggio Emilia — Guastalla, a charitable
organisation based in the city of Reggio Emilia (Italy). From September to December 2021,
“La Cucina Collaborativa” took place in Reggio Emilia as a co-design process of circular
solutions against food waste, involving more than one hundred individuals of a charitable
food donation system (including diners, volunteers, representatives of food donors
companies and public servants).

The rapid prototyping session represented the last steps of a broader co-design and
involvement methodology that aimed to improve the food donation system delivered by
Caritas against food waste. The session lasted only one afternoon and was designed by the
DPL staff to refine and get feedback about one of the ideas that emerged in earlier ideation
stages, involving only Caritas’ staff and volunteers. The idea prototyped had emerged
previously due to stakeholders’ interest in improving the food donation systems through
digitalisation and better use of digital data. The idea proposes to optimise the logistics of
donated food according to the nutritional profile data of beneficiaries thanks to food
warehouse management software and to customise the packages with appropriate food and
specific messages from food donors (sent through QR codes on the packaging) (fig. 1).

Figure 1: Pictures from the rapid prototyping session held within La Cucina Collaborativa. Physical and digital
mock-ups were used to visualize a fictional logistics dashboard interface and the packaging with the QR code.

' The project was funded under the call “Cross-KIC New European Bauhaus Call for Proposals for Citizen Engagement
published in 2021 by EIT Food as part of New European Bauhaus. More info are available at
www.designpolicy.eu/cucina-collaborativa
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The prototyping of the envisioned data-centric food donation system was a way to explore a
broader design opportunity area, i.e., the digital innovation of food donation, rather than the
specific idea per se. The prototypes allowed participants to comment on the social acceptability of
the proposed technological solutions, also based on their tacit and experiential knowledge as
volunteers. In particular, volunteers were keen to point out that the data-centric solutions
envisioned were assuming a notable level of transparency in the system, which could clash with
the social stigma they knew was felt by many among the people resorting to food donation.

Conclusions: designers as conscious players in public sector
prototyping

Applying the enactivist concept of co-definition to prototyping activities enriches the definition of
design as a social learning process. Enactivism highlights a difference between professional
designers and other social settings of innovation.

Design practices seem to be more aware and prepared to take advantage of the deep reflexivity,
i.e. co-definition, that happens during interactions between humans and artefacts. Designers can
envision to policy stakeholders future possibilities through prototyping and affordances and
challenging existing institutional boundaries (Vink et al., 2017). However, in line with the SLTI
framework, the difference between professional designers and users appears to be just a matter of
degree; or, in other words, a more developed expertise of the strategies and resources needed to
trigger reflexivity in participants of collaborative work.

On the basis of the analysis proposed here, we conclude by advancing three open points that can
support the emerging innovative perspective on design prototypes in the social and public domain
and for policymaking:

1) Within policymaking and public sector settings, designers should act as conscious
players of institutional and political dynamics. The attention usually given by
designers to non-designers as active actors in prototyping should enlarge the broader
systems of governance and social structures surrounding the context of prototyping.
In this sense, designers must be increasingly trained with the same soft skills and
knowledge common among civil servants and social workers.

2) To point out the expertise of designers as only incrementally different from non-
designers and, in parallel, to point out that professional design expertise involves an
enhanced capacity of reflexively interacting with experimental artifacts, essentially
means that designers are trained into forms of knowledge connected to materiality.
The tendency to de-materialise the object of design has hindered one of the main
tenets of design contribution to the social and public sphere. Dissipating the object of
design may unwarrantedly suggest that design could contribute to these areas
through an overly disembodied approach to cognition, leaving outside the importance
of material culture and aesthetic knowledge (Wetter-Edman et al., 2018). The
connection between broad governance and political levels and materiality should be
something that is not only understood in experimental and artistic environments but
also in rapid prototyping for collective public settings.

158



3) To envision a new theoretical framework on the use of design practices in
policymaking, which would defend an important degree of autonomy for social actors’
agency, while at the same time avoiding to postulate a radical individualist conception
of agency, as in neoliberal policies (Fraser, 2011).
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Abstract

Prototyping is a core phase in the design process. In service design, this activity has been less explored:
differently from physical products, services entail the representation of complex systems of people,
contexts, artefacts and interactions. Service prototyping poses a great challenge to designers who have to
manage a combination of tangible and intangible aspects which spans through time. Drawing on the
background knowledge available on the topic, this paper discusses a service prototyping case study:
named Checkd., it concerns the development of an automatic booth for Covid-19 testing. Prior to
prototyping, a context analysis and user research were carried out and co-design workshops were held to
refine the idea. Then, two rounds of service prototyping were accomplished. In the first one a service
encounter (sample collection procedure) was tested with users, adopting the experience prototyping
technique and low-fidelity props. The second round reproduced the complete service experience, adopting
a service walkthrough technique and mixed-fidelity artefacts, where participants could understand the full
journey in a situated way.

Building upon these prototypes, we elaborated three main considerations. One first takeaway deals with
the relationship between purpose and fidelity level. Low/mixed fidelity prototypes drove a purpose change,
from evaluative to explorative, as the ‘unfinished’ nature of the set-up allowed more user interpretation and
proposal of personal ideas. A second takeaway concerns iterations that must be planned with different
levels of focus and resolution, keeping the flow of co-design and re-design open allows to fully approach
service complexity. A third takeaway is about the role(s) of the designer/author. He/she should be more
than a mere facilitator by enacting mechanisms of the experience itself: continuously shifting roles and
relating with a variety of users, he/she becomes an advocate of the whole user experience and, more in
general, an advocate of a broader prototyping culture.

Service design; Service prototyping; Experience prototyping; Service walkthrough; Co-design

Background knowledge about prototyping in service design

Prototyping is a well-established area of the design practice and process (McElroy, 2017;
Kelley, 2001; Budde et al.,1992; Floyd, 1984). The design research approaches this subject
in different ways, proposing a variety of perspectives and frameworks (to mention a few:
Sanders and Stappers, 2014; McCurdy et al., 2006; Kammersgaard, 1983). In addition, most
of the available studies focus on product (both physical and digital) and interaction design
(McElroy, 2016).

Less explored, instead, is prototyping in the service design field (Blomkvist, 2011; Passera et
al., 2012). Most of the existing knowledge comes from the dissertations of Blomkvist (2011,
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2014) who explores the difference with ‘traditional’ prototyping and identifies the challenges
that service designers have to face when approaching such activity. Prototyping services
entails, in fact, replicating complete, holistic experiences, where highly elaborated systems of
both tangible and intangible elements come together (Blomkvist, 2011, 2014; Passera et al.,
2012). The intangible nature of a service itself dependent of time and inherently unique and
personal (Zomerdijk & Voss, 2010) raises the complexity of service prototyping, but at the
same time it is a promising field of research, where investigation is still largely needed
(Blomkvist, 2011).

Blomkvist (2014) considers service prototypes any representation of a future situation, either
of them being sketched (‘definite’) or enacted (‘ongoing’) and defines them as surrogates that
exists in a liminal state, that can be tested and explored freely and without time limitation. He
also addresses other critical aspects of service prototyping (Blomkvist, 2011), such as
benefits and levels of participation and the connection with the service environment (the so-
called servicescape) and experiences (Blomkvist, 2014). In conjunction with other
researchers, he also proposes a new technique, the service walkthrough (Arvola et al., 2012;
Blomkvist, 2011; Blomkvist et al., 2012; Blomkvist & Bode, 2012; Blomkvist, 2014; Blomkvist
& Arvola, 2014), building upon the already existing experience prototype, bodystorming and
pluralistic walkthrough techniques (Buchenau & Suri, 2000). The service walkthrough can
bring to life, in a somewhat realistic way, a service in its completeness (end-to-end) by
having people physically enacting the sequence of carefully orchestrated steps of the service
and live the experience as close as possible to the ideal version.

Finally, and most importantly for the scope of this paper, he outlines a framework for service
prototyping, highlighting its multiple dimensions: position in process, purpose, audience,
technique, fidelity and representation (Blomkvist, 2011). Passera et. Al. (2012), building upon
Blomkvist’'s work, propose the ‘Service Prototyping Practical Framework’, which is
characterised by a more applied perspective. They provide a series of guidelines, defining
them as an “aid for thinking and asking fundamental questions when prototyping” (Passera et
al., 2012, p.5) and we believe that they are extremely useful to orient the work and better
plan the whole process.

Here is a summary of such framework elaborated by Passera et al. (2012).

First, like in the original version, the position in the process and the purpose of the prototype
(exploration, evaluation, or communication) are set, basing on the question ‘what is the
service hypothesis | am testing? What do | want to learn?’; following, it approaches the
Author (the person who defines and plans the prototype set up) and the resources (‘what is
the simplest available way to implement the best possible experiment? To what resources do
we have access?’), also outlining a set of heuristics (location, users, staff, props) to assess
them; as a fourth point, they mention the technique (‘which technique? How to plan it? What
data can | expect?’); then, the fidelity/resolution aspect is approached, by suggesting the
development of a ‘resolution graph’ that can support in keeping each service dimension
separate for a better understanding (‘what needs to look and feel verisimilar for the prototype
to succeed? What needs to be functional, and to what degree?’); then, they analyse the
validity (‘how generalizable are the results of the experiment? What exactly did | learn from
what | tested?’); finally, plausibility is evaluated in relation with the audience of the prototype
itself (‘was the prototype plausible for my audience? Was their feedback reliable?’).
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Figure 1: The Service Prototyping Practical Framework developed by Passera et al. (2012).

This paper precisely builds upon the Service Prototyping Framework developed by Passera
et al. (2012) to discuss the case study of Checkd. This project’s context was an experimental
master thesis, done in collaboration multiple actors: the Department of Chemistry and
Applied Biosciences at the Eidgendssische Technische Hochschule (ETH) Zurich (as the
main host institution), Diaxxo AG, a biotech startup and spin-off of ETH’s Functional
Materials Laboratory, PD|Z, a group within ETH that focuses on system-oriented product

development and innovation and the Department of Design of Politecnico di Milano
supervising the whole thesis. The main objective was to leverage the innovative technologies

advanced by the startup Diaxxo AG (devices capable of running PCR1 analysis in a very
small amount of time) to develop an automatic booth for Covid-19 testing, to be placed in
public spaces, by designing the different elements related both to the product and the service

experience.

The Case Study of Checkd

The design of Checkd. Encompassed 3 main phases: context and user research; co-design
and concept refinement; prototyping. For the purposes of this paper, we will briefly describe
the first two phases and we will focus mainly on the third phase, where a prototype was
made operational in short time, aiming to lay the foundation for a whole product-service

system solution to be implemented in future.

' PCR stands for Polymerase Chain Reaction a method widely used to rapidly make millions to billions of

copies (complete or partial) of a specific DNA sample.
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Phase 1: Context and user research

The first phase explored Covid-19 testing options (antigen and molecular). We shared a
survey with a diverse pool of people: motivations, feelings and behaviours when
experiencing both solutions were captured and integrated with desk research into ‘testing
experience maps’, useful to analyse pain and pleasure points.
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Figure 2: The testing experience map concerning the PCR/molecular test typology.

In parallel, we analysed the rough existing concept for the booth proposed by the startup: we
expanded on the journey linked to it, highlighting what did work, what did not and future
opportunities.The outputs of this first phase, discussed with all the stakeholders, created the
basis for the ensuing co-design stage.

Phase 2: Co-design and concept refinement

We held 7 co-design workshops with 16 participants, identified among possible user
categories. Virtually ‘anyone’ could have been a user, but, building upon the startup’s initial
work, we decided to focus on travellers as the suggested location for the booths would be
airports and train stations.
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The workshops aimed to guide the choices for developing an effective and pleasant user
experience, as well as discuss structural features of the booth and user interactions with
technological elements.

The sessions were structured in three parts: warm-up, intermezzo, and core.

After introductory activities in the ‘warm-up’, participants’ first impressions about a ‘booth for
disease testing’ were captured in an individual activity named ‘intermezzo’ (tool shown in
figure 3).

If I hear “automatic booth for disease testing”,
| picture...

These colors: These emotions:

Vil

Figure 3: The tool used in the “intermezzo” phase.

In the core, we presented a draft service journey with multiple paper boards. The participants
expanded on the contents, completing steps, and filling out blank spots with a deck of cards
depicting various elements of the service (touchpoints, actors, actions, places). The physical
dimension (structural features) of the booth were also discussed, through role-playing and
sketching activities. In the end, we asked participants to re-fill again the ‘intermezzo’
template, to gather their renewed impression of the automatic booth.
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Figure 4: Co-design workshops, users and tools.

Benefitting from the results of the co-design workshops, we developed an exemplar version
of the user journey and detailed ‘architectural’ requirements for the booth. The latter were
then translated into a structure concept that took into consideration building complexity,
forecasted cost (materials and construction), accessibility and aesthetics.

Phase 3: Prototyping

As already introduced in paragraph 1, to present the actual prototyping phase, this paper
adopts as a basis the Service Prototyping Practical Framework proposed by Passera et al.
(2012) and mainly refer to their terminology and definitions. We tackled Checkd. Through two
levels of prototyping: as we followed a ‘zoom-out’ approach, we first prototyped one service
moment only, i.e. the sample collection procedure. Second, as a progression, we prototyped
the full-service experience.

Phase 3.1: Prototyping the sample collection procedure

Position in process and purpose

The co-design workshops produced an exemplar version of the Checkd. Customer journey.
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We focused in particular on one service moment: the sample collection procedure (defined in
this paper “procedure #1”), meaning the main sequence of interactions happening inside the
booth when the user delivers their biological sample (eg. Sputum) to the machine.

Despite being in harmony with user needs and behaviours, it still sparked scepticism in the
stakeholders, and it was deemed critical under an implementation point of view. The status of
the technology running the PCR tests and its automation level, was, in fact, not advanced
enough to implement the users’ proposal, especially in a short time. It was, though, still
considered as a valuable vision for future developments.

In a discussion with the startup two new procedures (“procedure #2 and #3”), both
compatible with the current version of the technologies, were outlined.

Assumptions on possible pain points and problems the users could face were also identified.
For example, procedure #2 was deemed the fastest and with less risk of contamination, while
procedure #1 and #2 the most prone to user error.

What we did was carry out an evaluative prototyping session that included the three
mentioned procedures. Why, to tackle the need of understanding which one to implement in
the service-system. The ‘How’ will be described in the following paragraphs.

Author/resources

In this case the Author was responsible for both the prototype design and development and
session management.

Here below the list of resources involved:

1. A ‘service prototyping lab’ solution was selected, since the
servicescape was deemed not immediately fundamental to reach
the prototyping goals.

2. Real users were involved, keeping as much diversity as possible, to
address some specific hypothesis, mainly connected to older users.
For example, actions in procedure #2 and #3 were judged too
complex for this user category. 21 people were involved, aged 22 to
83 yeas old, from both business travellers and leisure travellers,
with a balanced mix of both genders.

3. The ‘staff heuristic was not present, as Checkd. Can be categorized
as a ‘self-service’ type of service (Blomkvist, 2011).

4. A mix of mock-ups and real props were used. Some devices that
needed to be implemented did not exist yet (eg. Swab collection
mechanism), so they were ‘performed’ by the Author; others were
too difficult to get, due to time constraints, or were not crucial
touchpoints (Passera et al., 2012). Other elements, instead, were
real, meaning existing biomedical products.

Technique and process

As the sample collection procedure is a service moment that entails specific interactions, we
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decided to adopt the experience prototype technique. This approach, proposed originally by
Buchenau & Suri (2000), “tries to replicate an existing situation or construct a new one, in
which participants can understand, in an embodied way, what it feels like to interact with
something” (Arvola et al., 2012, p.2). It aligns with the need of evaluating this peculiar service
moment, which is not a singular contact with a touchpoint, but a mini-journey, a sequence of
interactions with various interfaces and objects.

In the activity, the Author briefly introduced the meaning and purpose of prototyping, to then
touch upon the general ‘booth’ concept, its link to Covid-19 and the number of procedures to
be tested. Secondly, the procedures were simulated one after the other. Finally, an interview
was carried out, starting with a very broad prompt question to allow ‘free speech’, to
eventually pointing out specific questions, about steps’ details (safety, hygiene, instructions,
comfortability).

Fidelity-resolution

The prototype resolution was medium-low and the fidelity of distinct aspects mixed. As
proposed by Passera et Al. (2012) we developed a resolution graph, to frame the fidelity
dimensions.

In the low-fidelity range we positioned the look and feel of the props and the technology,
realism of the location: they did not directly impact the aspects that needed to be observed
and therefore deemed less relevant. The functionality of the props and the technology, and
the realism of the experience were medium fidelity. Implementing a good level of
functionality, for both technology and props, was critical to guarantee the correct timing of the
procedure.

MEDIUM HIGH

Low

o

AMOUNT

OF [ETAILS
staff

involvement

user
involvement

props |technolay props |technolagy props |technolagy viswal |audifve experience |location
visual breadth of depth of richness of richness of realism

refinement functionality functionality interactivity data model
Figure 5 — The figure represents an adapted resolution graph regarding the prototyping the sample collection procedure.

We built the prototype set-up scene with cardboard panels and backstage elements (eg.
Swab containers) with paper. Elements for procedure #2 and #3 were assembled from
existing biomedical products (eg. Swabs and tubes, figure 6). For procedure #1, since the
actual object did not exist, it was simulated using a marker (figure 7).

The Author, placed behind the panels, orchestrated the different elements, simulating the

171



machine mechanics and giving instructions by voice (figure 8). No other video or audio
support was given on purpose, so it was possible to understand the essential needs of the
users on the matter.

Validity

Validity was limited in the sense that the setting hardly approximated the intended
implementation context, despite only real users were involved. The servicescape, though,
was not deemed a priority or for the goal of the prototyping moment.

Plausibility

Since the audience was kept into consideration while designing the prototype, as Blomkvist
(2011) suggests, participants all provided very detailed and extensive feedback and engaged
organically in explaining their own point of view.

Results

For each procedure, both quantitative and qualitative date were collected. On the quantitative
side we gathered: total time of completion, completions with/without errors, number and type
of errors. We considered ‘errors’ all the actions that deviated from the correct procedure
steps (ex. Dropping swab, throw away wrong parts). Qualitative knowledge was gathered
with open questions, regarding perceived hygiene, easiness of steps, physical comfortability.

We reviewed each session, as all of them were video recorded and noted following:
procedure start and end (time), happening of errors, comments from participant,
facial/physical reaction/behaviour, answers of final interview.

Insights were extrapolated from the gathered data by comparing the three procedures’
completion times and number of errors, but also recognizing recurring errors and their
causes.

Figure 6: On the left elements used and re-assembled during procedure #2 (tube, saliva funnel, preservation solution).
On the right the element used for procedure #3 (lolliswab).
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Figure 7: The tool used in procedure #1 to simulate a swab having the same concept of a marker, the red tape signaled
a “no-touch” zone.

Figure 8: The set-up put in place for procedure #2, both front-stage and backstage.
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Figure 10: Users during the experience prototype of procedure #1 and the Author orchestrating the backstage.

Phase 3.2: Prototyping the full-service experience

Position in process and purpose

The insights from the prototyping sessions just described allowed to select one procedure as
the most fitting: it was procedure #3, as it demonstrated to be the most intuitive for the user
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and the most feasible form a technology perspective (it entailed relatively simple
automation).

As this service moment was now defined, what we did after was a progressive step:
prototype the full-service experience. This was fundamental to evaluate the experience from
a holistic perspective, understand the effectiveness of the designed product-service system
and get concrete recommendations to improve the Checkd. In its entirety.

Author/resources

The Author and the responsibilities were the same as the sample procedure prototype.

Here below the list of resources involved:

1.

In this case, the location is ambiguous. Since Checkd. Can be defined a ‘location-
oriented service’ (Blomkvist, 2011), executing the session in a realistic context
was necessary. Primary sites for Checkd. Are transportation hubs, which were not
available. The session was held in a university building, which is an actual
secondary-choice location for the Checkd. Booths. For scenario purposes, we
applied modifications to the environment and mainly considered it as an airport,
but during initial parts of the prototyping, that entailed the user being ‘at home’.

Real users were involved. Due mostly to time constraints, hard-to-reach site and
length of activities, we had to restrict the user categories and focus mostly on
younger people, both for business and leisure travel, which were easily reachable
available to collaborate. 14 people were involved, with a balanced mix of both
genders, from 21 to 33 years old.

The ‘staff’ was not present, as Checkd. Can be categorized as a ‘self-service’ type
of service (Blomkvist, 2011).

A mix of mock-ups and real props were used. Physical artefact included real
objects (booth, computer, screens, suitcase, hand sanitizer, gloves, swabs) and
mocked elements (mostly the automation system: trays, doors, which were not yet
developed). Digital artefacts were: Checkd. Website wireframing, two booth
interfaces (outside and inside), digital receipt (email), digital test results (email).
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Figure 11: The saliva solution and the swab for sample collection created in a sterile environment and assembled
with real biomedical products.

Figure 12: Mock-ups used to simulate the automation system of the swab trays: on the left elements before
assembling, on the right same elements in the prototyping setting.
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Figure 13: The Checkd. Booth 1:1 scale prototype. In order: front and back, zoom on front (check in interface,
doors, information panel), interior left wall (hand sanitization, saliva generation slot), interior centre wall (signage,
procedure interface, sample slots), interior right wall (luggage area).
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Technique and process

In this case the idea was to prototype the full-service experience: we adopted the Service
Walkthrough technique, as it allows to represent the ideal service journey “in an embodied
and holistic way” (Blomkvist & Bode, 2012, p.1).

Starting from the ideal customer journey, we selected critical service moments that could
enact the most basic scenario, with the rule of having at least one from the three main
service encounters (pre, during and post service), to then create all the artifacts and props
necessary to give life to the ‘surrogate’ (Blomkvist, 2014) and find ways to coherently and
smoothly orchestrate all the mise-en-scéne.

All the activities were carried out the same day, while the sessions themselves were
scheduled along a full week. The participants were first introduced to the practice of service
prototyping, followed by the proposal of a set scenario (Covid-19 certification needed for a
travel) and establishment of three main goals (with the main one of obtaining the fit to fly
certification): understand what the service is about/how it works; book a test appointment; go
to the appointment. We provided the users with a laptop and an interactive, but wireframe-
level version of the Checkd. Website, where they started the roleplay exploring the website.

They continued going through the registration procedure, in which they had to deal with
multiple document mock-ups and spend time typing in real information, to then carry out the
booking procedure. After they received their personalized booking confirmation (programmed
email sent by the Author during the prototyping session) the Author would ‘push’ the scenario
forward in time, at the day of the booking and invite the user to autonomously reach the
location, by following the instructions on the email, also providing contextual props (suitcase,
bags, phone).

Different wayfinding elements were placed along the way to guide the user. Once reached
the location the participants would ‘check-in” at the booth, go through the full swabbing
procedure and receive, on the spot, another personalized email with their fit-to-fly
certification.

Finally, we carried out an interview, by initially asking a very broad prompt question to allow
free speech, to eventually pointing out specific questions, about the different aspects of the
experience.

At the end of the interview some brand identity elements related to Checkd. (logo and
palette) were ‘parallel prototyped’, with participants invited to provide their feedback.
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Figure 14: Diagram of the service walkthrough: on the top part (service level) are represented the service steps
selected for the prototyping, while in the bottom part (prototyping level) the parallel breakdown of activities,
locations and Author’s role.

A

Figure 15: Axonometric view that shows the sample collection procedure moment and the relationship between
author (gray), structure (prop) and user (black).
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Fidelity-resolution

The prototype resolution was medium-high with the fidelity of distinct aspects mixed. We
positioned at the medium-low level the look and feel of the technology and the realism of the
experience. Medium-high fidelity was kept for the props functionality and look and feel, along
with the technology’s functionality and realism of the location. In the case of Checkd. The
servicescape and its elements — ambient conditions, spatial layout and function, sign,
symbols and artefacts (Bitner, 1992) — were extremely important, as they had a high degree
of influence on the users, their feelings, their understanding of the service and their
interaction with the touchpoints.

Figure 16: Some of the digital artefacts employed during the prototyping: look and feel were low fidelity, while
depth and breadth of information and functionality were of higher fidelity.

Validity

Despite the larger context and location surrounding the prototype were similar to the
implementation ones, aspects of the servicescape and other influencing factors could be
replicated only in a limited manner. Moreover, it was taken into consideration that, although
real potential customers were involved, they only represented a few user categories, and
gave feedback only from their perspective.

Plausibility

Since the audience was kept into consideration while designing the prototype, as Blomkvist
(2011) suggests, the participants all provided very detailed and extensive feedback and
engaged organically in explaining their own point of view.

Results

Both quantitative and qualitative date were collected. On the quantitative side we collected
information about time (browsing, registering, booking, check in, sample collection) and
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errors (presence and number). Qualitative knowledge was gathered with open questions
regarding the overall service-system, the single service moments and their experience (pre,
during, post service) and single elements (digital interfaces, structure/architecture,
wayfinding/signage and their dimensions — functionality, data/information, interactivity).

The data were analysed in the following way: for each participant a customer journey map of
the prototyped experience was made. While reviewing each session (all of them were video
recorded) we noted in the different service phases the following data: start and end of task
(time), issues, comments (positive, negative, ...), facial/physical reaction/behaviour
(surprised, annoyed, confused, ...). These points were integrated with the answers of the
final interview. Recurring comments and points of criticality were finally outlined and
discussed with the stakeholders. Finally, a list of future improvements was elaborated.

Reflections and conclusions: towards a culture of (service) prototyping

The employment of the experience prototyping and service walkthrough techniques and the
application the Service Prototyping Practical Framework (Passera et al., 2012) for the
prototyping of Checkd. Produced some reflections, that we present here summarized in in
the form of three main takeaways.

One first takeaway relates to the relationship between purpose and fidelity level. In both
prototyping phases the low resolution and their related mixed fidelity did not hinder the right
execution of the procedures and their correct evaluation. The opposite: low fidelity elements
helped in leaving space for user interpretation and exploration.

A missing physical element or functionality, in fact, sparked more comments than a
working/existing one. Participants proactively engaged with the prototypes and their
elements, ‘showing’ their perspective (eg. What they would do differently, new ideas) rather
than only ‘telling’. They used props or role-played situations. Only occasionally participants
were prompted, for example, with the question ‘what do you think it is supposed to happen
when you (...)7".

It is interesting to highlight that prototypes that were mainly thought with an ‘evaluation’
purpose naturally shifted towards being more ‘explorative’, due to the fidelity level of the
prototypes themselves. This led to a more participatory design dimension, highlighting the
need of carrying out additional co-design activities about some specific service moments and
touchpoints. We may argue that in this case the boundaries between co-design and
prototyping were blurred, as we continuously ‘moved’ between testing activities and re-
designing them with the help of the users-participants.

Another aspect that supported this prototyping-purpose transformation was adopting a
technique of usability testing, the ‘think aloud’ protocol, where the user voices what they are
doing, thinking or feeling while solving a task or a problem (Someren et al., 1994). Applied to
both experience prototyping and service walkthrough, it gave the ability to participants to be
more comfortable and empowered in externalizing their own views.

A second takeaway concerns iterations of service walkthroughs and servicescapes. With
Checkd. The test situation corresponded to the real implementation context only in certain
aspects (mainly superficial and related to the ‘look and feel’). Many other different factors that
usually shape the original servicescape (eg. Airport) were not implemented, despite being
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highly influential on the service experience and the customer successfully reach their goal.

From this point emerges the necessity of iteration. Multiple progressive sessions would allow
to increase each time the level of fidelity and validity.

For example, in the case of Checkd. It would be interesting to do more service walkthroughs,
each time adding more variables (eg. Waiting time, random errors and failures, ambient
sounds or more user categories do the walkthrough simultaneously, implementing the trays
automation system) that raise the level of realism. In any case, despite the number of
repetitions, we experienced (by ourselves) that it is vital to prototype as soon as possible to
advance in the project (Blomkvist et al., 2012), even if the fidelity level is very low. It is better
to test some crucial service moments and, if needed, come back and co/re-design them, to
then test them again. The continuous flow between co-design and prototyping that we
mentioned before should be adopted.

Finally, a third takeaway relates to the role of the Author. Passera et al. (2012) and Blomkuvist
(2011) provide similar descriptions about the Author and identify he/she as the person in
charge of designing the service prototype and taking decisions regarding the alternatives.

During the prototyping phase of Checkd., the Author performed many roles: she was at times
creator (session design/planning), at others facilitator (supporting/following users) or
orchestrator (performing backstage actions). This metamorphic nature is essential in
medium-low fidelity prototypes, where the Author intervention is required to make the service
mechanisms work. We believe that here there is room for further research: it is important to
educate and prepare the Author in playing different roles and jumping between them,
seamlessly. The multiple role situation can, in fact, hinder the prototyping activities when
sessions are long and services simulated have many different dimensions. Complications in
recording, frequent interruptions of service flow and incorrect execution of actions can
happen or user comments/behaviours can go unnoticed. In these cases, the presence of
multiple ‘Authors’, taking up different roles could benefit the research, as each person can
focus on one or a few roles, always though collaborating with the others. This means to
educate and create a prototyping group of Authors, able to intervene at any stage, especially
in complex and articulated projects as services are in most of the cases.

Such perspective is strictly connected to what McElroy (2017) suggests at the beginning of
her book: it is fundamental not only to prototype and have a personal mindset toward
prototyping, but above all to develop and spread an actual culture of prototyping. This is even
more important in the service design discipline, in which the combination of tangible and
intangible elements creates a great complexity and generates the need of setting a constant
feedback and user testing loop. In this context, the Author is not only a facilitator and an
orchestrator of the prototyping process, but he/she should also become advocate of a
broader prototyping culture that allows to better advocate the user within its organisation,
who should be always placed at the centre of any (service) design actions.
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Abstract

The phenomenon of low-fidelity prototyping is mainly discussed in HCI but is practiced in product design,
architecture and speculative design as well under different terms. In this paper, we provide an overview of
the disciplinary low-fidelity prototyping practices and discuss the overarching discourses among these
fields.

Starting with an expanded understanding of prototypes as tangible and concrete models we investigate the
tactic of designing a deliberately simpler models for different purposes. Prototyping with simple means with
high abstraction poses challenges. Yet, the lack of reflection of a low-fidelity tactic holds unexplored
potential. We investigate whether it is advantageous to prototype with a lower fidelity, even if a higher
degree of fidelity is possible during the design process.

We present four discourses to explore low-fidelity prototypes: First, the concept of fidelity is discussed as
well as whether fidelity and dimensions are a matter of interpretation. Second, the effect of open prototypes
on communication among the involved people is explored. Framing low-fidelity as open, ambiguous,
abstract and fuzzy highlights its communicative qualities. Third, low-fidelity prototyping beyond linear
processes as well as the representation paradigm are scrutinized. Fourth, questions regarding limited skills
and limiting materials, covering material choice and the application of toolkits, are addressed.

Overall, we investigate which design skills are needed for low-fidelity prototyping, as we claim that
designing with low-fidelity implies as many design decisions as with high-fidelity.

We aim for a better theoretical foundation and reflection of low-fidelity prototyping that is needed for design
education and the exchange among different design fields across terminological boundaries. This is the
basis on which to discuss the role of designers and design researchers and how they use their low-fidelity
prototyping skills for knowledge production in transdisciplinary research.

Prototyping, Low-Fidelity, Model Making, Abstraction, Ambiguity

How can something incomplete and imperfect be better than something complete and perfect?
Low-fidelity (lo-fi) prototypes are a paradox, more specific and concrete than words due to their
materiality, but vague and ambiguous in their partly undesigned form. It can be seen as
“counterintuitive” (McCurdy et al., 2006) that simple prototypes with lo-fi can provide the most
valuable insights. Prototyping is gaining new attention as a fundamental design practice. We
assume that lo-fi prototyping is a common phenomenon in many design fields, 186uti s unequally
labeled and discussed under different terms.
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The term lo-fi prototyping emerged in human-computer interaction (HCI) and is up-to-date; mostly
discussed in HCl-related design research. To advance the discourse on fidelity in design, we
expand the discourse by exploring the lo-fi phenomenon across multiple design fields. We will
therefore shortly explain various concepts of lo-fi prototyping and their respective synonyms in the
design fields of HCI, architecture, product and industrial design, as well as critical and speculative
design based on a literature review.

Through an iterative clustering approach, we derive four discourses about low-fidelity, following
specific criteria for their relevance for design research. Our thesis, that lo-fi prototyping, even if
named differently, occurs in the different design areas, shall show which similarities exist, but also
where differences exist. This should help design researchers make conscious decisions regarding
the fidelity of prototypes for different purposes. We aim at exploring the prototyping skills
necessary for designing prototypes adequately and explore the tactic of using a deliberately
simpler way.

Before we start, we need to define two key terms in the form of an experimental preunderstanding
(Wendler, 2013), to enable a discussion beyond terminological boundaries.

Prototypes and Prototyping

Scholars stay vague when defining prototypes (Dickel, 2019; Gengnagel et al., 2015) because of
their flexible and heterogeneous nature. We still observe, as Houde and Hill (1997) stated, that
different design disciplines have different notions of prototyping and different expectations of
prototypes.

There are a few works that look at prototypes in a general way and across the boundaries of
different design fields (Adenauer & Petruschat, 2012; Buchenau & Suri, 2000; Camere &
Bordegoni, 2016; Exner et al., 2015; Lim et al., 2008). In addition to these overviews originating
from design itself, other works from STS (Science and Technology Studies), anthropology, and art
history take a look at prototyping practices as well (Ewenstein & Whyte, 2010; Janda, 2018;
Schrage, 1999; Wendler, 2013; Yaneva, 2013). Lo-fi prototyping is discussed as a practice that
enables exploring several alternatives at once and many iterations along the process (Yang &
Epstein, 2005). Kannabiran & Badker (2020) emphasize, “different prototyping techniques enable
different modes of inquiry with varied intentions and outcomes” and “allow us to ask different sets
of questions”. Regarding its purpose, the prototype takes on different roles in different situations for
different audiences.

Prototypes are understood as “an incomplete portrayal of a design idea” (Lim et al., 2008),
“physical manifestations of ideas or concepts” (Sanders & Stappers, 2014°), or “representations of
a design made before final artifacts exist” (Buchenau & Suri, 2000). Other scholars like Adenauer
and Petruschat (2012) show the processuality of prototypes and therefore prefer to speak of
prototyping rather than prototypes.

In our expanded understanding, we regard prototypes as artifacts created in
the design process. They are specific forms of tangible and concrete models
serving various purposes.

187



Fidelity and Low Fidelity Prototyping

The fidelity of prototypes is a specification that HCI practice and research traditionally uses. It is
either described as the “precision of a prototype” (Beaudouin-Lafon & Mackay, 2007), the “level of
realism” (Yang & Epstein, 2005), the “level of refinement or degree of detail displayed by a
prototype* (Blomkvist & Holmlid, 2011) or the “level of correspondence with the product-to-be, i.e.
the quality of the representation that the prototype offers” (Camere & Bordegoni, 2016).

To approach a definition, the notion of the prototypes as a “filter” (Lim et al., 2008) is useful. As one
of the central images to understand fidelity, the filtering of prototypes describes that some
dimensions of the future product (such as form, function, experience, symbolism, needs, etc.) are
filtered out in the prototype whereas others are manifested. The fidelity is often quantified in
comparison. A lo-fi prototype has filtered out more dimensions compared to a hi-fi prototype.

Lo-Fi Prototyping appears under different terms in the design fields selected for this paper. Some
are synonyms, others are specific examples of the phenomenon: quick and dirty prototyping,
props, mockups, dummies, paper prototyping, throw-away prototyping, proportion models,
wireframes, or assemblies.

We see lo-fi prototyping as a decision to intentionally use or even create
ambiguity in artifacts to gain an advantage for the ongoing process even though
a higher degree of fidelity would be possible.

1. Overview

We explore the phenomenon of lo-fi prototyping
across four design fields to provide an overview of
the similarities but also the differences of
prototyping practices.

Methodologically, we chose the fields of HCI, architecture, product design and speculative design
based on the following criteria:

They are among the fields with the most intensively practiced prototyping.

They represent design study programs and have their own specialist conferences.

They cover digital as well as physical artifacts in different scales.

They cover opposing ends on the axis of applied versus artistic design practices, therefore
serving different purposes of prototyping.

Regarding the question of which fields to include and exclude, we considered participatory design
as a relevant practice, yet more as a methodology, and therefore decided to include it in the fields
of their respective design outcomes.

1.1 Human-Computer Interaction (HCI)

The concept of the fidelity of prototypes is rooted in HCl. Common synonyms for lo-fi prototypes
are “mockups [or] paper prototypes” (Beaudouin-Lafon & Mackay, 2007) (see Figure 1),
“‘wireframes” (McCurdy et al., 2006), “low-tech prototypes” (Barati et al., 2019), or simply “artifacts”
(Flechtner et al., 2020). Following a technical and pragmatic approach, low-fidelity prototyping is a
“matter of cost” (Lim et al., 2008) and is associated with “quick and dirty” (Coughlan et al. 2007).
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Often, fidelity is linked to the degree of interactivity in HCI (Rudd et al., 1996), and technical
functions are simulated as such in “wizard of oz prototypes” (Beaudouin-Lafon & Mackay, 2007).
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Figure 1 Paper prototype of a food sharing app by Schmitz, design course taught by Schuster, FH Potsdam (2017)

The central image Lim et al. (2008) use to describe the prototype-product relation is the prototype
as a “filter”. “The designer screens out unnecessary aspects of the design so that they can extract
knowledge about specific aspects [...] more precisely and effectively.” (Lim et al., 2008). Wong
(1992) describes “rough and ready prototypes” where issues not for discussion are represented in
a low-resolution form and thus allow to focus on one question. An increased fidelity does not result
in increased insight (Diefenbach et al., 2013). Surpassing the well-discussed evaluating role of
prototypes, Lim et al. (2008) argue for a diversification of their roles towards “evolutionarily learn,
discover, generate, and refine designs” with prototyping.

With service design growing as a field, the use of design methods has increased (Blomkvist &
Holmlid, 2011). Lo-fi prototyping is embedded in structured design methods in Human-centered-
design and influenced by Design Thinking. When designing complex systems, prototypes not only
manifest physical or digital artifacts. They expand to processes, interactions and experiences. The
“experience prototype” (Buchenau & Suri, 2000) includes “body storming” (Oulasvirta et al., 2003),
incorporating the body in form of role-play into the lo-fi prototype (see Figure 2).

Figure 2 Lo-Fi prototype of a wearable soft robotics orthosis from a participatory workshop using body storming, project:
PowerGrasp (Flechtner et al. 2020)

Lo-Fi is often used with toolkits as a participatory design strategy to include people from non-
design backgrounds without technical skills. Khan & Matthews (2019) use a “constructive
assembly” as a toolkit: a reconfigurable, modular physical set of basic materials. Following the
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authors, the assembly ensures to “never start from nowhere”. Imperfect low-fidelity is a
fundamental tactic since perfection and hyper realism are impossible to achieve (Khan &
Matthews, 2019)

1.2 Architecture

While the term lo-fi prototyping is not common in architecture and “models” are more common, the
tactic of voluntarily simpler models has long been in practice. A well-described example is the
models used for the construction of St. Peter's Cathedral in the 16th century (Lepik, 1995). In
opposition to his predecessor, Michelangelo denounced the "fetishistic" obsession with detail in
Sangallo's model, since the constant increase in fidelity meant that the scope for action was lost
(Bredekamp, 2008). Michelangelo’s simplified models (see Figure 3) allowed for a more organic
building process and, as Bredekamp (2008) outlines this "minor forma", emphasized his superior
artistic judgment. -

Figure 3 Michelangelo showing his model. Painting by Passignano (1618/1619)

Recent architectural scholars have addressed low-fidelity in two ways: a deliberate choice of
simple materials to enable the exploration of spatial issues through the materials” ambiguity and
resistance (Cannaerts, 2009, Henderson, 2016), as well as a necessary abstraction to represent a
building on a smaller scale and focus on its essentials (Yaneva, 2005).

The limiting factor of materials in model making has often been highlighted as problematic, see
Rittel (1973) who calls the model itself a wicked problem, or Benisch who claims that toy bricks can
only create toy-brick architecture (Benisch in Wendler, 2013). Analog models made of cardboard,
foam, or wood are used to quickly and inexpensively clarify spatial questions and to gather initial
impressions (see Figure 4). These can be seen as a supplement to sketches, axonometrics, or
CAD drawings and allow for quick collaborative design (Ammon, 2013).

More recent studies show models that go beyond these traditional materials. For instance,
Bernhardt shows how the ideas of the people involved can be strengthened through the clever
choice of the simplest materials, like foldable vegetable crates (see Figure 5), pebbles, or blankets,
thus facilitating participation(Bernhardt, 2016).
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Figure 4, left - Participatory Project for Student Apartments by Martini, Bréndle and Maroke, project: Eckwerken, FH
Potsdam. (2014)

Figure 5, right - Workshop with foldable vegetable crates by Bernhardt, BeL & urban catalyst studio, project: Gartnerhof
Overmeyer Organic Farm, Seevetal. (2014)

Yaneva (2005) describes the oscillating between scaling up and scaling down. Scaling down refers
to a voluntary smaller-scale model to “evoke things and make broader assumptions”, while their
larger counterparts visualize sizes, shapes and precise positions (Yaneva, 2005).

1.3 Product and Industrial Design

According to the typology of models in traditional industrial design by Busse (Busse in Adenauer &
Petruschat, 2012), several types of models can be considered low-fidelity. Particularly, these are
early-used models such as proportion models or functional models that serve the development
process. In these processes, the fidelity increases from model to model and only the final model is
called a prototype. In the English-speaking world, the term prototype is also used earlier in the
process, mostly known as quick and dirty prototyping. Mockups are used in a similar way to
architecture, as props for presentations. Derived from the French term “maquette”, meaning
unfinished draft or sketch (Colonnese, 2016), mockups are imitations that, depending on their
execution, can be quick dummies or demonstration models with a greater degree of detail. It
seems to be common knowledge among product designers that an overly finished representation
can block productive critique of a design.

Two current developments favor the low-fidelity character of the prototypes.

Firstly, the shift from processes where products are planned according to an initial specification list,
to processes in which early models are used to find new requirements in the first place (Sanders
and Stappers,2014b). The advantage of lo-fi prototypes is, therefore, that their unfinished nature
can be seen as an openness to other stakeholders.

Secondly, the process that leads to a product plays a much greater role today. The process itself
becomes part of communication (Frye, 2017). Featured Making-Ofs by author-designers
emphasize the organic process of designing a product and thus show early unfinished models that
used to be hidden (see Figure 6+7). This can even lead to low-fidelity deliberately ending up as a
stylistic device in finished products (see Figure 8), as Frye shows through the work of van Eijk
(Frye, 2017).
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Figure 6 Gricic, Paper Models for the Krups kitchen appliances project. Prominently shown on Gricic’s Website. (2005)
Figure 7 Model process by the Bouroullec brothers, featured in a workplaces Story by friends of friends, Photograph:
Chéné (2016)

Figure 8 van Eijk’s Floating Frames Sculptures (2010-2013)

1.4 Critical and Speculative Design

In contrast to the previous three design fields, the focus of speculative design is on debate and
provocation, rather than on products to be invented and manufactured (Dunne & Raby, 2013). A
permanent increase in fidelity is not necessary per se. Objects of design fiction are “props for
nonexistent films”(Dunne & Raby, 2013) or so-called “diegetic prototypes” (Kirby, 2010). Lo-fi
prototyping, therefore, shows itself in two ways. A carefully crafted abstraction and the use of
models to quickly visualize futures with participants.

Dunne and Raby (2013) describe Aesthetics of the Unreal as a visual language that can
simultaneously represent the real and the unreal. The approach of addressing an audience
through ambiguity, and thus promoting multiple perspectives, seems to be a respected effect of this
aesthetic (Dunne & Raby, 2013; Gaver et al., 2003). Speculative objects, in this sense, are
prototypes of futures. Whereas a high level of refinement is commonly used to simulate a real
scenario, the tactic of low-fidelity is used as well and discussed less. Abstract prototypes
consciously avoid a too-high realism through skillfully crafted ambiguity to protect themselves from
criticism of feasibility and to create spaces for interpretation (Dunne & Raby, 2013). The “reduced
physical design languages devoid of details” (Dunne & Raby, 2013) of these prototypes and their
deliberately chosen model aesthetics can be considered low-fidelity (see Figure 9).
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Figure 9 Prototypes of smart objects in a film, showing abstraction through monochromatic design, project: Uninvited
Guests, by Superflux (2015)

Aside from these artifacts used mostly in exhibitions, speculative designers use lo-fi prototyping for
participation (Bardzell & Bardzell, 2013). Here, the low-fidelity is apparent in the easy-to-process
inclusive materials that participants can use to quickly make their visions tangible (see Figure 10).
It is about the process of designing artifacts rather than interacting with finished — but intentionally
unfinished-looking — artifacts. This speculation, through the making of rapid visual and physical
prototypes, not only stimulates the imagination of participants but can also expose deeper personal
desires or fears (Andersen & Wakkary, 2019; Tost et al., 2022).

Figure 10 Participatory lo-fi prototyping in a lab setting with a range of accessible materials, project: sense objects, by
Extrapolation Factory (2018) (left); Lo-fi prototype created in a participatory workshop in the project: pawn tomorrow, by
Extrapolation Factory (2014) (right)

2. Discourses

Based on the literature review of the prototyping practices in the four design fields, several
discourses emerged. Through iterative clustering, we derived four main discourses that are
relevant for design research, along these criteria:

e Brings forward the prototyping discourse and scrutinizes the rigid central concepts of
fidelity, dimensions, the representation paradigm and linear evolution
Covers several design fields to provide an interdisciplinary point of view
Is relevant for further exploration in design research, such as open-ended artifacts and
processes, and tackling complex challenges
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e Grasps the prototype as a medium as well as a material, and includes the prototyper’s
perspective

2.1 Fidelity and Dimensions are an Interpretation

The “high-vs-low-fidelity-debate” in HCI revolved around the question of whether a low, a high, or a
medium fidelity is appropriate for a prototype, by contrasting their advantages and disadvantages
(Houde & Hill, 1997; McCurdy et al., 2006; Rudd et al., 1996; Wong, 1992; Yang & Epstein, 2005).
To advance the discourse we concentrate on the applicability of the concept of fidelity.

HCI divides the phenomenon into much smaller parts than the other disciplines. Lim et al. (2008)
distinguish the “scope” and the “resolution”of a prototype corresponding to “the breadth and the
depth in fidelity” (McCurdy et al., 2006). The problem with a binary distinction between low and
high-fidelity is also discussed (Lim et al., 2008). Occurring “mixed fidelity” is emphasized to
describe that fidelity is high in some dimensions and low in others (McCurdy et al., 2006).

The challenge of deciding on the right dimensions to direct the focus lies in “fidelity trade-offs”
(Barati et al., 2019), e.g. using visual qualities versus performative qualities. This decision which
dimensions are favored is frequently informed by routines and accessible tools, rather than an
actual reflection (Diefenbach et al., 2013). To deal with the limited scope and purpose of a specific
prototype, Barati et al. (2019) propose the combination of several prototypes to depict different
dimensions. Which dimensions are manifested as low- or high-fidelity is therefore also a question
of the designers' skills of abstraction, how they assess the audience’s ability to read the prototype
(Blomkvist & Holmlid, 2011), the “transfer to product” (Buchenau & Suri, 2000), and precise
communication of which dimensions are not addressed by a prototype (Houde & Hill, 1997). A
vague lo-fi prototype needs even more framing than prototypes of higher fidelity.

In model theory, Wendler (2016) emphasizes that the identity of a thing as a model is a
consequence of people perceiving the thing as a model. Whether a sketch or a “brick” (Houde &
Hill, 1997) is a prototype depends on whether or not it is agreed on. This perceptual dependence
applies to its fidelity as well. Lo-fi prototypes have a “low perceived finishedness” (McGrath et al.,
2016), yet fidelity is not an objective property of an artifact that is clearly readable by its
appearance, but as an interpretation depending on the context. Materials, aesthetics and shape
give hints in regard to seeing traditions, e.g. of a frequently used paper, card, foam core (Coughlan
et al., 2007) as prototyping material. Similarly, wireframes in user interface design communicate a
prototypical low-fidelity state by the black outlined boxes with system fonts. Yet, without an
explanation about the future product, the fidelity is not clearly identifiable. Imagine a paper
prototype for a paper product—the paper itself could seem low-fidelity but is high-fidelity in this
example.

2.2 Openness Fosters Communication

Understanding lo-fi prototypes as open, abstract and fuzzy allows for new conclusions. Instead of
limiting the understanding of low-fidelity to the notion of simplification and filtering, there is an
enriching effect through the prototype’s incompleteness. The higher the degree of abstraction, the
more open the prototype becomes. Dickel (2017) describes the prototype as a medium that
communicates since the message itself is a message (McLuhan, 1964). Low-fidelity
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communicates, therefore, that the artifact is only “a proposal—provisional and open to change” (Lim
et al., 2008).

The fidelity of a prototype strongly influences whether a prototype is read as a template to be
transferred or as an open basis for discussion (Buchenau & Suri, 2000; Rudd et al., 1996). As an
interesting parallel, the authoritarian effect of Sangallo's model of St. Peter's seems to be the same
as that of a frontend developer who uses the hi-fi prototype of a user interface as a design guide
(Bredekamp, 2008; Rudd et al., 1996). The corresponding low-fidelity counterparts of these
examples open up a communicative space which is the central purpose of low-fidelity (Bahr, 2012;
Buchenau & Suri, 2000), especially communication “on high level issues” and concepts (Wong,
1992). Prototypes communicate to various stakeholders for various purposes, such as ideating or
testing (Lim et al., 2008). Prototypes are also used to facilitate discussions (Sanders & Stappers,
2014a) or to argue for their plausibility (Dickel, 2019). Bahr (2012) describes how architects show
sketches instead of renderings, since “a perfect model seems to be complete and somehow locked
to suggestions”.

In research and participation focused as well as speculative design, the communicative purpose of
lo-fi prototyping is even more central and diverse. On one hand, it is used as a consensus building
strategy (Khan & Matthews, 2019) and to develop a shared vision (Kannabiran & Badker, 2020).
On the other hand, it is used to juxtapose multiple visions (Kannabiran & Badker, 2020), to
provoke, or as a “hyperstition” (Schmeer, 2019).

The openness of prototypes can lead to productive misunderstandings thanks to their ambiguity,
as it gives rise to multiple interpretations (Gaver et al., 2003). Based on Star and Griesemer’s
(1989) concept of “boundary objects”, Khan and Matthews (2019) regard “different disciplinary
‘readings’ of the artefacts” as “a feature” during participatory sessions. This is conceptually
preceded by Eco’s (1989) notion of the “open work” which describes that authors can render
modern artworks open to be further completed by the audience. The prototype has no static
meaning inscribed but is constructed by interpretation. “The materiality of prototyping” brings forth
“creative sites for the reinterpretation and ascription of meaning to constructions." (Khan &
Matthews, 2019). Prototyping constructs the product as well (Adenauer & Petruschat, 2012) and
low-fidelity makes this process more open-ended.

Concerning epistemic discourses, prototypes in the sense of “epistemic things” in experimental
systems have a specific vagueness that incorporates what people do not know yet (Rheinberger,
1997). Epistemic things are unstable and a source of questions (Rheinberger, 1997). Knorr-Cetina
(1998) sees epistemic things (“Wissensobjekte”) in contrast to mere instruments as “unfoldable”
artifacts that can be opened and explored since they contain more possibilities. The prototype
creates uncertainty about the “taken for granted” status quo, states Janda (2018), based on Dewey
(1929). A low-fidelity amplifies the effect, as Oder (2020) also describes this tangible but vague
character of models as a key aspect in knowledge-generating through design processes with the
term "entwerferische Dinge".

Following these arguments, the low resolution of lo-fi prototyping is a tactic of using and producing
fuzziness intentionally. This tactic of carefully crafted uncertainty embedded in artifacts gains more
importance as design is increasingly used for research purposes.
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2.3 Beyond linear processes

In many cases, lo-fi prototypes favor the earlier use of prototypes in the design process. (Camere
& Bordegoni, 2016). This shift to prototyping earlier in the process comes along with increased
embeddedness in ideation methods and use in exploratory spaces (Sanders & Stappers, 2014a)
for “exploration-through-prototyping” (Camere & Bordegoni, 2016). The prototype is no longer seen
only as an object, but as a performative practice (Suchman, 2002). Co-Prototyping has included
new stakeholders (Kimpel, 2016) and “slow prototyping” is called for (Pfeffer, 2014). However, as
the overview has shown, low-fidelity prototyping is not to be understood only as the initial
counterpart to high-fidelity prototypes at the end. Fast iterations and saved material costs are
desirable effects of lo-fi prototyping and not prerequisites.

Whether prototypes are considered “throw-away prototyping” and “evolutionary prototyping” is
discussed in HCI (Bahr, 2012; Kordon & Luqi, 2002). Throw-away prototypes, mostly described as
low-fidelity, are less complex to make so that the loss of the invested effort can be better tolerated.
Contrasting this temporary use, evolutionary prototypes allow for future iterations. In HCI, this is
often realized by choosing a medium close to the envisioned final product so that prototypes can
be reprogrammed and iterated without starting over. Adenauer and Petruschat (2012) emphasize
the cumulative effects of prototypes and show such evolutionary prototyping in other design fields
too.

The demonstrative showcasing of the process with lo-fi prototypes, the mixed fidelity debate, a
carefully crafted aesthetic of the unreal, or the repetitive scaling down, are all signs that low-fidelity
can occur at any point in the process. This opens up the question of whether fidelity is a “linear
increase within the process” (Beaudouin-Lafon & Mackay, 2007) and not rather a fundamental
design tactic that keeps reappearing when applied to different dimensions. This non-linear
understanding of prototyping reflects what is discussed in model theory as overcoming the
representation paradigm. In classical model theory, each model is seen as a representation of an
original (Stachowiak, 1973). Emerging simplifications are necessary factors of an objective
representation relation (Stachowiak, 1973). From this view, the better a model can represent an
original, the more it fulfills its purpose (Hertz, 1894; Wendler, 2013). By this way of thinking of the
model as an objective reduction, only what is already known can be learned about the original
(Knuuttila, 2011; Mahr, 2012; Wartofsky, 1979). Applied to prototyping in design, this means lo-fi
prototyping is not a necessity where high-fidelity is not yet possible, but a deliberate choice. If we
do not minorize models or prototypes as objective representations of the original or finished
product, this opens up space for new insights.

Seeing something as low-fidelity is a practice on its own that evolves around the individual skills of
the actors, the materiality, and media involved. The detachment of prototypes from their relation to
a future product becomes especially relevant when no traditional products exist, like in speculative
design. Moreover, it allows prototyping e.g. to address the needs and questions in research
through design.

2.4 Limited skills and material as a limitation

Most lo-fi prototyping works with the simplest materials, such as paper, foam, wire, etc. The
materials are quickly shaped and inexpensive. Nevertheless, lo-fi prototypes cannot be narrowed
down along a boundary of the materials used, nor can they be defined by economic aspects alone.
As Adenauer and Petruschat (2012) put it, these materials are good for “playing theater”. The
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materials are aesthetically exaggerated, sometimes even seen as craftsy or ordinary tinkering. This
is obvious in the early stages of the project, but mockups or speculative objects show that, later in
the process, prototypes are also made of materials that are meant to be more than they are. The
ease with which a material can be deformed should not be confused with the degree of detail a
material can display. The perceived fidelity of a material or technology can only be determined in
relation to the actors involved and the specific context. There is a debate in HCI about the extent to
which electronic or digital elements can be part of lo-fi prototyping (Barati et al., 2019), e.g., in the
“blended prototyping” approach (Bahr, 2012) (see Figure 11).

Figure 11 Blended prototyping is a tool to translate paper prototypes (left: Béhr et al., 2010) to experienceable click-
dummies to foster quick iteration (right: Bahr, 2012)

That the limiting factor of the material is an advantage of lo-fi prototypes seems to be generally
accepted (Tost et al., 2022; Frye, 2017). Khan and Matthews (2019) observed this in the context of
participatory design: “The shape limitations forced participants to think of ways to share their ideas
by relying only on rigid structures to help articulate their thoughts and ideas, and in doing so
became more expressive”.

Since this limitation depends on the skills of the actors, the decision of which material to use for
which purpose in prototyping plays a crucial role. Partly, material selection is the result of what is at
hand in a situation, fostering improvisation (Frye, 2017) in the sense of a “bricolage” (Lévi-Strauss,
1973). In participatory workshop formats, someone else usually selects the raw or predefined
materials, such as in “Lego Serious Play” (Khan & Matthews, 2019), for the participants, depending
on their presumed skills. At the same time, companies have their standardized prototyping
methods and hire people with appropriate skills.

Using lo-fi prototyping as toolkits (Sanders & Stappers, 2014a), (see Figure 12) and as methods
brings both economic advantages and the belief in transparent and democratic processes. It is “a
lever that lowers the barrier to participate” (Khan & Matthews, 2019). However, other scholars
show that no process can ever be unbiased and equal for all (Mareis, 2016). It's the designer’s role
to design and manage specific toolkits or shared spaces to enable others to co-create with their
competencies (Sanders & Stappers, 2014b; Schrage, 1999). This expertise cannot be replaced by
patterns alone and requires a high degree of “knowing-in-action” (Schon, 1984), “tacit knowing”
(Polanyi, 1985), or "knowing how" (Ryle, 1945). Following Niedderer (2009), tacit knowledge and
reflective practice with materials help to anticipate how artifacts can be used in a variety of ways to
generate knowledge.
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Figure 12 Toolkit of the hybrid participatory workshop “the other city 2” by Tost, Schuster, Flechtner, Budinger &
Heidmann, project: PROTOTYP, FH Potsdam (2021) (left) and a resulting prototype showing a slow bus concept in a
speculative city of the future by Thomet (right)

3. Conclusion

As we have shown, in many design practices the prototyping of deliberately simpler models is used
to gain advantages. There is a consensus that this lo-fi prototyping is a valuable design skill. While
the phenomenon of taking advantage of these simpler models has long been known, the debate
concerning lo-fi prototyping is most extended in HCI. Nevertheless, HCI can learn from other
traditions, just as these design fields can benefit from a transfer of the well-discussed concepts
and designations in HCI. In addition to a terminological and conceptual discussion of fidelity, we
are particularly interested in the implementation of fidelity in practice. Low-fidelity is more than just
an attribute of prototypes and becomes a general design tactic. In these practices, the perceptual
dependence of lo-fi prototypes and reframing low-fidelity as productive fuzziness and openness
are essential perspectives.

Our key finding is that the prototyper’s practices are at the heart of lo-fi prototyping. Lo-fi
prototyping needs to be a reflective practice of carefully crafted ambiguity. Prototyping something
consciously as low-fidelity is not easier than designing high-fidelity. Prototypers must be conscious
of the effects of prototyping more openly or designing open prototyping formats for others. Due to
perceptual dependence, this is particularly evident in the discourses around materiality and the
necessary skills, as well as against the background of model theory.

With the focus on the prototypers, the emphasis is on their perception and their implicit and explicit
knowledge. At the same time, as we have shown, lo-fi prototypes are mainly used in a knowledge-
generating manner. This distills our overview down to knowledge questions. We, therefore, see
prototyping, and lo-fi prototyping in particular, as an epistemic design practice.

As an outlook on the future of lo-fi prototyping and as further desiderata concerning this epistemic
praxis, we see three interrelated challenges:

1. Learning Low-Fidelity
How can lo-fi prototyping be taught in design education? We advocate that the indispensable
practical experience of "knowing how" (Ryle, 1945) in materials is complemented by theoretical
reflection on one's prototyping. Prototyping should be taught at every step of the design
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process, and fidelity critically assessed by the teachers themselves. Students should develop
the skill of designing the prototype with the right amount of abstraction appropriate for different
purposes while ensuring minimal readability.

2. Prototyping as an Epistemic Practice in Research Through Design
How can the designerly epistemic practice of lo-fi prototyping be applied in research through
design? Moreover, we ask about the role that designers can play in transdisciplinary research
projects through these practices. How can collaborative research with other disciplines be
conducted without substituting the designer’s skills with standardized methods or marginalizing
their tacit knowledge? When (co-) prototyping for knowledge production, material selection, an
inclusive process, as well as facilitating fruitful discussions are part of research design
decisions. For transdisciplinary research, transparent documentation and communication of the
lo-fi prototyping practices are essential. Further research is required on how to craft the fuzzy
parts of lo-fi prototypes as “epistemic things” to show what people do not know yet.

3. A Sustainable Way of Lo-Fi Prototyping
The problem with throwaway prototypes, apart from their material waste, is the untapped
potential that these prototypes can play in an evolutionary understanding elsewhere in the
process. To make prototypes accessible beyond their processes as a source of knowledge
lacks a forum. While hi-fi prototypes sometimes find their way into exhibitions and archives,
there is little wider dissemination for lo-fi prototypes. We would like to see the same access for
modeling as primary sources as there is for natural science data sets and the original textual
sources of the humanities, according to the claims of design as third knowledge culture (Archer,
1979; Cross, 2001). The lo-fi “prototypes as instruments of knowledge for research”
(Kannabiran & Badker, 2020) become an object of study regarding sociological questions of
knowledge, as well. We, therefore, wonder what knowledge could be found if prototypes sustain
for longer and were accessible beyond one's stakeholders and peers.

References

Adenauer, J., & Petruschat, J. (Eds.). (2012). Prototype! Physical, virtual, hybrid, smart ; tackling
new challenges in design and engineering. Form + Zweck-Verlag, Berlin.

Ammon, S. (2013). Wie Architektur entsteht. Entwerfen als epistemische Praxis. In S. Ammon & E.
M. Froschauer (Eds.), Wissenschaft Entwerfen (pp. 337-361). Wilhelm Fink Verlag, Minchen.
https://doi.org/10.30965/9783846755211_014

Andersen, K., & Wakkary, R. (2019). The Magic Machine Workshops: Making Personal Design
Knowledge (p. 13). https://doi.org/10.1145/3290605.3300342

Archer, B. (1979). The Three R’s. DESIGN STUDIES, 1(1), 4.

Bahr, B. (2012). Blended Prototyping. In J. Adenauer & J. Petruschat (Eds.), Prototype! Physical,
virtual, hybrid, smart; tackling new challenges in design and engineering. Form + Zweck-Verlag,
Berlin.

Barati, B., Karana, E., & Hekkert, P. (2019). Prototyping Materials Experience: International Journal
of Design, 13(2).

199



Bardzell, J., & Bardzell, S. (2013). What is “critical” about critical design? Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems - CHI ’13, 3297.
https://doi.org/10.1145/2470654.2466451

Beaudouin-Lafon, M., & Mackay, W. (2007). Prototyping Tools and Techniques. In The Human-
Computer Interaction Handbook (pp. 1043—1066). CRC Press.
https://doi.org/10.1201/9781410615862-66

Bernhardt, A.-J. (2016). Wie man dem toten Hasen die Hauser erklart. In Manifestationen im
Entwurf (pp. 317-342). Transcript Verlag, Bielefeld. https://doi.org/10.1515/9783839431603-014

Blomkuvist, J., & Holmlid, S. (2011). Existing Prototyping Perspectives: Considerations for Service
Design. https://doi.org/10.21606/nordes.2011.012

Bredekamp, H. (2008). Sankt Peter in Rom und das Prinzip der produktiven Zerstérung: Bau und
Abbau von Bramante bis Bernini (Uberarbeitete Ausgabe). Wagenbach, K.

Buchenau, M., & Suri, J. F. (2000). Experience prototyping. Proceedings of the Conference on
Designing Interactive Systems Processes, Practices, Methods, and Techniques - DIS 00, 424—
433. https://doi.org/10.1145/347642.347802

Camere, S., & Bordegoni, M. (2016). A lens on future products: An expanded notion of prototyping
practice. INTERNATIONAL DESIGN CONFERENCE - DESIGN 2016.

Cannaerts, C. (2009). Models of / Models for Architecture Physical and Digital Modelling in Early
Design Stages. https://doi.org/10.52842/conf.ecaade.2009.781

Colonnese, F. (2016). Die Erfahrung mit lebensgrof3en Modellen im Entwurfsprozess. In
Manifestationen im Entwurf (pp. 287-316). Transcript Verlag, Bielefeld.
https://doi.org/10.1515/9783839431603-013

Coughlan, P., Suri, J., & Canales, K. (2007). Prototypes as (Design) Tools for Behavioral and
Organizational Change. 43.

Cross, N. (2001). Designerly Ways of Knowing: Design Discipline Versus Design Science. Design
Issues, 17(3), 49-55. https://doi.org/10.1162/074793601750357196

Dewey, J. (1929). The Quest for Certainty: A Study of the Relation of Knowledge and Action. New
York: Putnam.

Dickel, S. (2017). Irritierende Objekte: Wie Zukunft prototypisch erschlossen wird.
https://doi.org/10.6094/BEHEMOTH.2017.10.1.950

Dickel, S. (2019). Prototyping Society—Zur vorauseilenden Technologisierung der Zukunft (1st
ed.). transcript Verlag, Bielefeld.

Diefenbach, S., Chien, W.-C., Lenz, E., & Hassenzahl, M. (2013). Prototypen auf dem Prifstand.
Bedeutsamkeit der Reprasentationsform im Rahmen der Konzeptevaluation. I-Com. Zeitschrift
Fiir Interaktive Und Kooperative Medien, 12, 53—63. https://doi.org/10.1524/icom.2013.0008

Dunne, A., & Raby, F. (2013). Speculative Everything: Design, Fiction, and Social Dreaming. The
Mit Press.

Eco, U. (1989). The Open Work by Umberto Eco (1989) Paperback.

200



Ewenstein, B., & Whyte, J. (2010). Wissenspraktiken im Design. Die Rolle visueller
Reprasentationen als"epistemische Objekte". In C. Mareis, G. Joost, & K. Kimpel (Eds.),
Entwerfen—Wissen—Produzieren: Designforschung im Anwendungskontext (pp. 47—-80).
Transcript Verlag, Bielefeld.

Exner, K., Lindow, K., Stark, R., Angesleva, J., Bahr, B., & Nagy, E. (2015). A transdisciplinary
perspective on prototyping. https://publica.fraunhofer.de/handle/publica/394477

Flechtner, R., Lorenz, K., & Joost, G. (2020). Designing a Wearable Soft-Robotic Orthosis: A Body-
Centered Approach. Proceedings of the Fourteenth International Conference on Tangible,
Embedded, and Embodied Interaction, 863—875. https://doi.org/10.1145/3374920.3375012

Frye, A. (2017). Design und Improvisation: Produkte, Prozesse und Methoden. Transcript Verlag,
Bielefeld.

Gaver, W., Beaver, J., & Benford, S. (2003). Ambiguity as a Resource for Design.

Gengnagel, C., Nagy, E., & Stark, R. (2015). Rethink! Prototyping: Transdisciplinary Concepts of
Prototyping.

Henderson, G. (2016). Why Make Models?, The Architects’ Journal (blog).
https://www.architectsjournal.co.uk/news/opinion/why-make-models.

Hertz, H. (1894). Die Prinzipien der Mechanik in neuem Zusammenhange dargestellt...: Mit einem
Vorworte. Barth. http://archive.org/details/dieprinzipiende00hertgoog

Houde, S., & Hill, C. (1997). What do Prototypes Prototype?

Janda, V. (2018). Die Praxis des Designs: Zur Soziologie arrangierter Ungewissheiten (1st ed.).
Transcript Verlag, Bielefeld.

Kannabiran, G., & Badker, S. (2020). Prototypes as Objects of Desire. Proceedings of the 2020
ACM Designing Interactive Systems Conference, 1619—1631.
https://doi.org/10.1145/3357236.3395487

Khan, A. H., & Matthews, B. (2019). Democratizing Soap: The Methodological Value of Using
Constructive Assemblies as a Participatory Design Tool. Proceedings of the Thirteenth
International Conference on Tangible, Embedded, and Embodied Interaction, 155—-164.
https://doi.org/10.1145/3294109.3295641

Kimpel, K. (2016). Design Prototyping for Research Planning and Technological Development. In
C. Gengnagel, E. Nagy, & R. Stark (Eds.), Rethink! Prototyping: Transdisciplinary Concepts of
Prototyping (pp. 23—35). Springer International Publishing. https://doi.org/10.1007/978-3-319-
24439-6_3

Kirby, D. (2010). The Future is Now: Diegetic Prototypes and the Role of Popular Films in
Generating Real-world Technological Development. Social Studies of Science, 40(1), 41-70.
https://doi.org/10.1177/0306312709338325

Knorr Cetina, K. (1998). Sozialitat mit Objekten. Soziale Beziehungen in post-traditionalen
Wissensgesellschaften. Technik und Sozialtheorie, 42. https://pub.uni-
bielefeld.de/record/2394965

201


https://www.architectsjournal.co.uk/news/opinion/why-make-models
https://www.architectsjournal.co.uk/news/opinion/why-make-models

Knuuttila, T. (2011). Modelling and representing: An artefactual approach to model-based
representation. Studies in History and Philosophy of Science Part A, 42(2), 262-271.
https://doi.org/10.1016/j.shpsa.2010.11.034

Kordon, F. & Lugi. (2002). An introduction to rapid system prototyping. IEEE Transactions on
Software Engineering, 28(9), 817—821. https://doi.org/10.1109/TSE.2002.1033222

Lepik, A. (1995). Das Architekturmodell der friihen Renaissance. Erfindung eines Mediums.
Wernersche Verlagsgesellschaft, Worms.

Lévi-Strauss, C. (1973). Das wilde Denken (H. Naumann, Trans.; 20th edition). Suhrkamp Verlag,
Berlin.

Lim, Y.-K., Stolterman, E., & Tenenberg, J. (2008). The anatomy of prototypes: Prototypes as
filters, prototypes as manifestations of design ideas. ACM Transactions on Computer-Human
Interaction, 15(2), 1-27. https://doi.org/10.1145/1375761.1375762

Mahr, B. (2012). On the Epistemology of Models. In G. Abel & J. Conant (Eds.), Rethinking
epistemology (pp. 301-352). De Gruyter.

Mareis, C. (2016). Theorien des Designs zur Einfiihrung (2., korrigiert). Junius Hamburg.

McCurdy, M., Connors, C., Pyrzak, G., Kanefsky, B., & Vera, A. (2006). Breaking the fidelity barrier:
An examination of our current characterization of prototypes and an example of a mixed-fidelity
success. Proceedings of the SIGCHI Conference on Human Factors in Computing Systems,
1233-1242. https://doi.org/10.1145/1124772.1124959

McGrath, L., Bresciani, S., & Eppler, M. J. (2016). We walk the line: Icons provisional appearances
on virtual whiteboards trigger elaborative dialogue and creativity. Computers in Human
Behavior, 63, 717-726. https://doi.org/10.1016/j.chb.2016.05.086

McLuhan, M. (1964). The Medium is the Message (1964). In Crime and Media (pp. 20-31).
https://doi.org/10.4324/9780367809195-4

Niedderer, K. (2009). Relating the Production of Artefacts and the Production of Knowledge in
Research. In N. Nimkulrat & T. O'Riley (Eds.), Reflections and connections: On the relationship
between creative production and academic research (pp. 59-67). University of Art and Design
Helsinki.

Oder, H. (2020). Entwerferische Dinge. In Entwerferische Dinge. Birkhauser, Basel.

Oulasvirta, A., Kurvinen, E., & Kankainen, T. (2003). Understanding contexts by being there: Case
studies in bodystorming. Personal and Ubiquitous Computing, 7(2), 125-134.
https://doi.org/10.1007/s00779-003-0238-7

Pfeffer, F. (2014). To Do: Die neue Rolle der Gestaltung in einer verdnderten Welt: Strategien |
Werkzeuge | Geschéftsmodelle. Schmidt, H, Mainz.

Polanyi, M. (1985). Implizites Wissen: Ubersetzt von Horst Briihmann (H. Brihmann, Trans.; 1.).
Suhrkamp Verlag, Berlin.

Rheinberger, H.-J. (1997). Toward a History of Epistemic Things: Synthesizing Proteins in the Test
Tube. Stanford University Press.

Rittel, H. W. J. (1973). Dilemmas in a general theory of planning. 15.

202



Rudd, J., Stern, K., & Isensee, S. (1996). Low vs. High-fidelity prototyping debate. Interactions,
3(1), 76—-85. https://doi.org/10.1145/223500.223514

Ryle, G. (1945). Knowing How and Knowing That: The Presidential Address. Proceedings of the
Aristotelian Society, 46, 1-16.

Sanders, L., Stappers, P. J. (2014a). Probes, toolkits and prototypes: Three approaches to making
in codesigning. CoDesign, 10(1), 5—14. https://doi.org/10.1080/15710882.2014.888183

Sanders, L., Stappers, P. J. (2014b). From Designing to Co-designing to Collective Dreaming:
Three Slices in Time. Interactions, 21(6), 24—-33. https://doi.org/10.1145/2670616

Schmeer, J. (2019). Xenodesignerly Ways of Knowing. Journal of Design and Science.
https://jods.mitpress.mit.edu/pub/6gb7ohpt/release/3

Schon, D. A. (1984). The reflective practitioner: How professionals think in action. Routledge,
Milton Park, Abingdon, Oxon.

Schrage, M. (1999). Serious Play: How the World’s Best Companies Simulate to Innovate (First
Printing). Harvard Business Review Press.

Stachowiak, H. (1973). Allgemeine Modelltheorie. Springer.

Star, S. L., & Griesemer, J. R. (1989). Institutional Ecology, “Translations” and Boundary Objects:
Amateurs and Professionals in Berkeley’s Museum of Vertebrate Zoology, 1907-39. Social
Studies of Science, 19(3), 387—420.

Suchman, L. (2002). Located Accountabilities in Technology Production. Scandinavian J. Inf.
Systems, 14.

Tost, J., Schuster, P. L., & Heidmann, F. (2022). Prototyping inconvenience: A pedagogical
experiment on designing for debate in design education. Interaction Design and Architecture(s) :
IXD&A, 51, (pp. 81-110). https://doi.org/10.55612/s-5002-051-004

Wartofsky, M. W. (1979). Models: Representation and the Scientific Understanding (R. S. Cohen,
Ed.). Springer Netherlands. https://doi.org/10.1007/978-94-009-9357-0

Wendler, R. (2013). Das Modell zwischen Kunst und Wissenschaft. Wilhelm Fink Verlag, Munchen.

Wendler, R. (2016). Modellbegriffe als Element der Modellierung. In T. H. Schmitz, R. Haul3ling, C.
Mareis, & H. Groninger (Eds.), Manifestationen im Entwurf: Design—Architektur—
Ingenieurwesen (1st ed., pp. 271-285). Transcript Verlag, Bielefeld.

Wong, Y. Y. (1992). Rough and ready prototypes: Lessons from graphic design. Posters and Short
Talks of the 1992 SIGCHI Conference on Human Factors in Computing Systems, 83—-84.
https://doi.org/10.1145/1125021.1125094

Yaneva, A. (2005). Scaling Up and Down: Extraction Trials in Architectural Design. Social Studies
of Science, 35(6), 867-894. https://doi.org/10.1177/0306312705053053

Yaneva, A. (2013). Made by the Office for Metropolitan Architecture: An Ethnography of Design
(1.). NAIO10 PUBL.

Yang, M., & Epstein, D. (2005). A study of prototypes, design activity, and design outcome. Design
Studies - DESIGN STUD, 26, 649—669. https://doi.org/10.1016/j.destud.2005.04.005

203



Table of figures

Figure 1) Schmitz J. (2017) Paper prototype, design course taught by Schuster P. L., FH Potsdam

Figure 2) Flechtner, R., Lorenz, K., & Joost, G. (2020) Designing a Wearable Soft-Robotic
Orthosis: A Body-Centered Approach. Proceedings of the Fourteenth International Conference
on Tangible, Embedded, and Embodied Interaction, 863—875.
https://doi.org/10.1145/3374920.3375012

Figure 3) Cresti da Passignano D. (1618/1619). Michelangelo presenta a papa Pio IV il modello di
San Pietro in Vaticano [Painting]. Retrieved from:
https://de.m.wikipedia.org/wiki/Datei:Passignano,_michelangelo_presenta_a_paolo_IV_il_model
lino_per_san_pietro.jpg

Figure 4) Martini A., Brandle R. & Maroke J. L. (2014) Tape mockup Eckwerken, FH Potsdam

Figure 5) Bernhard A. J., BeL & urban catalyst (2014) Gartnerhof Overmeyer Organic Farm,
Workshop with foldable vegetable crates. Seevetal. Retrieved from https://bel.cx/projects/

Figure 6) Gricic K. (2005) Paper Models for the Krups kitchen appliances project. Retrieved from :
http://konstantin-grcic.com/projects/diverse/

Figure 7) Chéné T. friendsoffriends (2016) Model process by Ronan and Erwin Bouroullec,
featured in a workplaces Story by friends of friends [Photograph], Paris. Retrieved from
https://www.friendsoffriends.com/workplaces/designers-ronan-and-erwan-bouroullec-on-
extracting-elegance-from-efficiency/

Figure 8) van Eijk K.(2010-2013) Floating Frames Sculptures. Retrieved from:
https://kikiandjoost.com/kiki/portfolio_page/floating-frames-sculptures/

Figure 9) Jain A., Ardem J., Flint, J., Fruhstorfer A., Superflux (2015) uninvited guests. Retrieved
from: https://superflux.in/index.php/work/uninvited-guests/#

Figure 10) left: Christina A., Extrapolation Factory (2018) sense objects; right: Apagakis C. and
McDonnell K., Extrapolation Factory & Foundry (2014) pawn tomorrow. Retrieved from:
https://extrapolationfactory.com/

Figure. 11) left: Bahr B. (2012) Blended Prototyping. In J. Adenauer & J. Petruschat (Eds.),
Prototype! Physical, virtual, hybrid, smart; tackling new challenges in design and engineering.
Form + Zweck-Verlag, Berlin; right: Bahr B. (2010) A Tabletop System for supporting Paper
Prototyping of Mobile Interfaces

Figure. 12): left: Tost, J., Flechtner, R. & Schuster, P.L. (2021) Toolkit from the workshop the other
city 2 by Tost, J., Schuster, P.L., Budinger, K. & Heidmann, F., research project: PROTOTYP, FH
Potsdam; right: Thomet, F. (2021) Bus prototype, workshop: the other city 2, FH Potsdam

Rolf Brandle

Rolf Brandle is a PhD candidate at Bauhaus University Weimar. He grew up in
Switzerland and after studying industrial design in Magdeburg and Potsdam, he
began teaching and researching at the Folkwang University of the Arts in Essen in
2018. Nowadays, he lives in Leipzig, while working in between Essen, Oberhausen,
Berlin and Weimar. In general, his work revolves around prototyping, model-making,
crafts and material knowledge with a strong focus on sustainable and circular
design strategies. At the Folkwang University of the Arts he is part of the Craft Lab
within the Sustainability by Design Research project. There, he is researching how
knowledge from sustainability research can be transferred through design to society
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Abstract

Designing for bodily engagements requires cultivating and eliciting felt experiences that are related to the
embodied concepts in question. Cultivation provides a source of bodily information through enabling and
exploring bodily experiences, whereas elicitation renders that information in a form that can be analysed
and articulated for use in design. In this paper, we present two projects, Squeaky/Pain and Intimacy with
Far-Away Bodies, that start the design process with movement-based practices to harvest felt experiences
by applying soma design and embodied design approaches. We analyse the cultivation and elicitation tools
that are applied in these projects. As a result of the analysis, we offer a toolset for possible ways to
cultivate and elicit the first-and-second-person felt experiences for design use. This toolset is intended to
invite designers to employ and reflect on the translation of abstract bodily concepts into design prototypes.

Embodied design; Soma design; Cultivation; Elicitation; Prototyping

Traditionally, prototypes serve as tools for bringing ideas to life to communicate, validate,
and refine them. Conventional prototyping begins with ideation followed by user research
that is oriented towards solving wicked problems with a positivist approach. Such an
approach typically disregards the felt bodily experience and the first-person perspective of
the designer who may wish to challenge the positivistic design process by inviting ambiguity.
Schoén (1984) argues that “uncertainty, uniqueness, and value conflict are troublesome for
positivist epistemology of practice” (pg. 42). A positivist approach may be more efficient for
tackling a problem that is on firm, clearly defined, ground; however, situations that occupy
the confusing and swampy lowlands tend to play havoc with purely technical solutions
(Schon, 1984). In other words, technical solutions and positivist epistemology fail to
accommodate the subjectivity of felt bodily experiences and first-person perspectives.

Working with bodily phenomena requires “staying with the trouble” (Haraway, 2016); it
involves designing with uncertainty, uniqueness and subjectivity. Ambiguity thus becomes a
“resource for design™ (Gaver et al., 2003). Various approaches have been proposed to
enable the design of close-to-body artefacts that engage with felt bodily experiences and with
first-person perspectives (H66k, 2018; Loke & Robertson, 2013). Such approaches suggest
engaging with unhabitual bodily experiences to gain insight for designing for bodily
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interactions, such as move-to-design/design-to-move (H66k, 2018; Loke & Robertson, 2013;
Wilde, 2011). These approaches do not focus solely on solving problems, but rather aim to
extend our understanding of bodily experiences and to develop new ways of designing for
bodily engagements with materials or objects. Thus, these approaches provide insight into
bodily concepts in relation to the self, others, materials and technologies located immediately
on and around the body.

In this paper, we present two projects that provide an embodied perspective on designing
with and for difficult bodily concepts. Rather than solving defined problems through a
positivistic approach, we aim to extend ours and our users’ understanding of bodily
experiences through our prototypes. Specifically, we explore the concepts of chronic pain
and of intimacy in remote communication. Our design processes set out to explicate difficult
and evasive abstract concepts through prototypes to discover ways of thinking and living with
these bodily concepts. Such design processes require a first-person understanding that is
developed through the in-depth cultivation and elicitation of the bodily experiences in
question. ‘Cultivation’ provides a source of bodily information through enabling and exploring
bodily experiences, whereas ‘elicitation’ renders that information in a form that can be
analysed and articulated for use in design. By reviewing the two design projects we aim to
offer a toolset for the further cultivation and elicitation of felt experiences for design use.

The body as the locus of the design process

The projects that are presented in this paper are situated in embodied design (Wilde et al.,
2017) and soma design (H60k, 2018), wherein the body is seen as the locus for the process
of designing for close-to-body interactions. These approaches aim to improve our skills of
sensory appreciation and knowledge of our bodies by accessing our lived experiences
through bodily movements. Defamiliarization, in other words, engaging with unhabitual bodily
movements can enable the acquisition of felt experiences (Bell et al., 2005; Crawford, 1984;
HAok, 2018; Loke & Robertson, 2013) that triggers imagination in the design process (Wilde,
2011). To initiate defamiliarization, H66k (2018) suggests applying somatic practices i.e.,
yoga, dance or tai chi and offers ‘somatic connoisseurship’ that is consulting a somatic
expert where the designer is not skilled in any somatic practice. On the other hand,
designers may include materials into these unhabitual bodily engagements such as body
sketching with the materials (Marquez Segura et al., 2016) that will sensitise to the bodily
phenomena (Wilde et al., 2017) as well as to lived qualities of the materials.

These cultivated experiences are often tacit sensations that need to be made graspable
through elicitation to be transferred into the design use. Elicitation provides access to felt
experiences that may remain hidden otherwise. In other words, elicitation explicates the
cultivated lived experiences through visual and textual tools. It has been suggested that
visual and textual tools for eliciting felt experiences are combined to unpack the diverse
aspects of the felt phenomena (Demir et al., 2022b). In this paper, we employ body maps of
the human form to give visual expression to somatic experiences (Cochrane et al., 2022;
Gastaldo et al., 2018; Stahl et al., 2022). For textual elicitation, we employ semi-structured
interviews (Frances et al., 2009), a lived-experience diary (Bolger et al., 2003) and a
research diary (Given, 2008). These elicitation and cultivation tools are exemplified by the
two presented projects, which thus provide the basis for our discussion of those tools.

207



Related works

Through employing embodied and/or soma design, various researchers have been cultivated
first-and-second person lived experiences while bringing bodily concepts into the sphere of
the physical being in the form of prototypes. For example, a designer’s autobiographical
exploration of neglected body parts informs the design of Breathing Wings (Tsaknaki, 2021);
a group of designers’ first-person exploration of menstruation manifests in shape-changing
artefacts (Sendergaard et al., 2020); and a designer’s examination of her breastfeeding
experiences manifests in various wearable artifacts (Helms, 2021). Similarly, a first-person
exploration of the pelvic floor area is materialized in Pelvic Chair (Stahl et al., 2022) and a
researcher’s inquiry into her own research process inspired the work Armour of Researcher
(Beuthel, 2022). These projects exemplify how first-person bodily explorations can inspire the
design of prototypes. In general, soma and embodied design processes begin with
designers’ first-person investigations, which may then be combined with second-person
explorations. For instance, informed first- and second-person accounts regarding the
negative aspects associated with two people living far apart are materialized as wearable
textile artefacts (Beuthel et. al., 2021). In WORM-E, its designers’ personal somatic
understanding, which inspired the form of their design, is then enhanced and broadened by
the inclusion of design students, children, adults and a dancer, which in turn further develops
and enhances their design process (Yavuz et. al., 2021).

To be informed by first-and/or-second person perspectives, these projects apply various
methods for cultivating and eliciting felt experiences. Often, they start the design process
with kinesthetic explorations for cultivating felt experiences. For example, the projects Pelvic
Chair (Stahl et al., 2022) and Soma Mat (Hook et al., 2015) use Feldenkrais exercises (a
form of exercise therapy). On the other hand, for elicitation, many of these projects also
employ body maps and interviews with participants (Anne Cochrane et al., 2022; Nufez-
Pacheco, 2021; Beuthel et al., 2021) that serve the purpose of reflection, documentation, and
to inspire further ideas. The two projects presented in this paper take inspiration from these
previous works, by applying a similar approach to the design of bodily interactions in the
context of bodily experiences of intimacy and pain.

From abstract bodily experiences into physical manifestations

In this section, we illustrate two design inquiries Squeaky/Pain and Intimacy with Far-Away
Bodies that design with/for/through the bodies, translating abstract bodily sensations into
concrete prototypes. The first project is situated in the context of chronic pain whereas the
second focuses on intimacy in remote settings. The projects aim to extend our understanding
of these concepts and alter the ways in which we experience chronic pain and intimacy in
remote settings. Through each project, we discuss the cultivation and elicitation tools that we
employed to inform the toolset for harvesting bodily felt experiences for design use.
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Squeaky/Pain: The physical manifestation of chronic pain

Chronic pain is an invisible phenomenon that is woven into the fabric of everyday life,
disrupting its daily flow and altering body perception. In experiencing chronic pain and to
prevent possible pain triggers, people tend to develop a fear of movement (Singh et al.,
2014) that prevents them from enjoying the things that they can do without triggering the pain
alienating people from their bodies. Based on soma design (H66k, 2018), Squeaky/Pain
considers engagement with pain in terms of an unhabitual bodily experience, suggesting that
people may be able to develop somaesthetic awareness through a defamiliarized experience
of their pain.

Squeaky/Pain (Demir et al., 2022a) facilitates mutual conversation between the pain and the
body through movement-based interactions, to support somaesthetic awareness
encouraging people to move and communicate with their pains. Squeaky/Pain’ is the name
given to the interactive wearable artefact that is a somatic extension designed to mimic the
experience of pain and ranging from agony to relief. The project considers pain as a design
material and designs with/in/through the bodies in pain. The project is informed by the felt
experience of the designer, and participants who have upper-body musculoskeletal chronic
pain. It employs first- and second-person perspectives in tandem to cultivate the pain
experience for design use. The project unfolds in three phases: 1) the designer’s bodily
investigation; 2) participant study; and 3) the designer’s engagement with the final prototype.
Two iterations of Squeaky/Pain (Figure 1) were designed during the first and second phases
of the project, while the third phase included testing of the final iteration. In this paper, the
first two phases of the project are explained in order to illustrate how abstract bodily
experiences can be converted into prototypes (Table 1).

- -

A

Figure 1: The left image is the result of the first iteration of Squeaky/Pain and the right image is the result of the second

iteration. Photograph by Mehmet Can Boysan.

209



Table 1 shows the design process of Squeaky/Pain, setting out how each step informs the creation of the prototypes.

The text below the table explains how each method applied.

Squeaky/Pain
Phase 1: Phase 1: Phase 1: Phase 1: Phase 2: Phase 2: Phase 2:
exploring textual visual material exploring textual & material
with bodily elicitation elicitation elicitation with visual elicitation
movements movement elicitation
-Designer’s - -Designer’s | through -Design of
-Designer’s documentation | Designer’s | life-size body | materials -Semi- the second
bodily of the diary map drawing structured prototype
exploration of | sensations writings onto a fabric -Testing the | interviews informed by
pain through | emerged converted first and body participants’
yoga during the yoga | into a -Exploration | prototype map reflections
practice into somatic of different with drawings
her lived experience | textile participants conducted
experience map material and with
diary techniques participants
resulted in
the first
prototype

The first phase started with a three-week long first-person exploration of pain where the
designer —who is also a certified yoga instructor— practiced a yoga sequence that she had
designed specifically to help relieve her own pain. Every day, after each practice, she
recorded the experience in a diary that was later translated into a somatic experience map

(Figure 2) and informed the interaction and design qualities of the prototype soma extension.
For example, the designer wrote about the squeaky wood sounds that were coming from her
body as she moved and this is illustrated as the sound of the pain in the somatic experience

map. This aspect of her experiences also inspired the interaction modality of the prototype as
she decided to use sound to trigger movement interaction. Following this she began material

experimentation in order to construct a soma extension that represents the location of the

pain experience visually. As a result, the first prototype mediates sound-motion interaction for

the wearer. It creates a squeaky wood sound that mimics the agony of pain. When worn

there is no way to turn the sound off completely; however, by moving very slowly the wearer

can reduce the volume of the sound.
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Figure 2: The somatic experience map illustrates the repeated aspects of the designer’s yoga practice in relation to her
pain that are recorded in her diary. lllustration by Arife Dila Demir.

The second phase was the testing of the prototype with three people, the design could thus
be further informed by their experiences of pain in relation to the soma extension. The testing
took place in one-on-one sessions that lasted one and a half hours each. Each session had
four stages: 1) first interview; 2) guided breathing and moving exercise; 3) moving with soma
extension; and 4) second interview. Both interviews were conducted as semi-structured
interviews that were prompted with the body map drawings and were voice recorded for later
analysis. The first interview provided insight into the participants’ pain experiences in general
whereas the second interview revealed their experiences with Squeaky/Pain, the soma
extension. During the first interview, they visualised their pain experience in general on the
body maps and in the second they illustrated their experience with the soma extension.
These drawings were performed at the beginning of the interviews and participants began
the conversation by explaining their drawings. To focus the participants’ attention on their
bodies in order to experience the prototype fully, the designer guided them to move and
breathe during the second stage. In the third stage, while wearing the soma extension, the
participants were invited to move as they wished. During the final interview, two participants
revealed how relief from pain is itself part of the painful experience. This insight was brought
to the second iteration, which was designed to represent the range of pain from agony to
relief. To do so, it begins with the sound-motion interaction just as with the first iteration, and
after that a pleasant sound feedback begins. Again, the wearer is required to move slowly,
but this time to try to keep the volume level up.

This project showed that first-person exploration may result in design artifacts that may
resonate with other people’s bodily experiences. Similarly, second-person perspectives
provided an insight into the somaesthetic affordances of the soma extension and brought
forth new insight into the understanding of pain, showing that relief is itself also a part of the
pain experience. Hence, it informed the designing of the second iteration of the artifact.
Finally, while ‘Squeaky/Pain’ showed promise in providing interactions to facilitate
somaesthetic awareness and relief, the qualities of bodily engagement provided by the soma
extensions should be further explored in order to improve somaesthetic interactions.
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Intimacy with far-away bodies: Physical manifestation of
intimacy in remote connections

In the context of human relationships, the body plays an essential role in building and
maintaining intimacy. However, in remote settings, intimacy is experienced without the
physical closeness of the bodies. In Intimacy with Far-Away Bodies, the designer aims to
create a bodily awareness of the far-away body in remote intimacies while designing for
close-to-body engagements in remote settings.

Intimacy with Far-Away Bodies is an ongoing project, working with the sensory body as a creative
material to design for people who are close by heart but physically apart. In this section, we show
how somatic knowledge guided the designer during an embodied design ideation (EDI) process in
developing new understanding and supporting the creation of a set of prototypes. The ideation
session was built on a cultural probe study (Gaver et al., 1999) that collected personal insights
about remote communication experiences from five participants. The participants were people
who experience being physically apart from their loved ones for a period of time (Oktay, 2022).
During this study, the participants were asked to observe and document their own experiences of
remote communication with their loved ones. The study lasted for a week, resulting in eight
keywords and three objects (Figure 3) that served as the input for ideation for Intimacy with Far-
Away Bodies. The keywords were: loved, alone, relieved, not free, playful, energetic, caring,
curious.

212



Table 2 shows the design process of Intimacy with Far-Away Bodies, illustrating how each step informs the creation of

the prototypes.

Intimacy with Far-Away Bodies

research diary

-Designer’s
photo and
video
documentation

Cultural QiGong Somatic connoisseurship Prototyping Testing
Probe Study
Pre-step: Pre-step: Phase 1: Phase 2: Phase 3: After-step: After-step:
gathering exploring exploring with | Visual Textual and | material exploring with
input for with bodily bodily elicitation Visual elicitation bodily movements
bodily movements | movements elicitation through materials
movements throuqh -Designer’s -Designer’s
-Dancer materials visual analysis | -Dancer’s design mood -Designer testing
-Dancer introducing of the visual semi- boards the prototype with a
gathering QiGong -Dancer documentation | structured participant
keywords practice to conducting interview -Designer
from the designer | embodied that was experimenting
participants sketching with voice with materials
to inform objects and recorded by
Phase 1 keywords the designer
-Dancer’s
body maps
on the
photos of
the moving
Phase 1: body from After-step: Textual
Phase 1 and Visual
Textual and elicitation
Visual
elicitation -Designer’s
observation notes
-Designer’s on research diary
observation
notes on -Designer’s photo

documentation

-Participant’s semi-
structured interview
that was voice
recorded by the
designer.

In this project, the designer lacked expertise in somatic practices, therefore, she adopted the

somatic connoisseurship method by collaborating with a dance artist who employs Qigong
for improvisational dance. The somatic connoisseurship unfolded in three phases: 1)
embodied explorations with a dancer; 2) analysis of phase one by the designer; and 3) a

semi-structured interview and body mapping with the dancer (Table 2). Phase 1 began with a

pre-step of movement-based explorations initiated with Qigong, a gentle movement practice

that cultivates subtle energy by working with the moving body (Hung, n.d.). To familiarise the

designer with the movement practices, the somatic expert led a QiGong session where the
designer gained a first-person somatic experience, bringing the designer into closer contact
with her body. Following that, the dancer performed body sketching using the objects and
keywords that were generated during the cultural probe study (Figure 2). In Phase 2, the
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designer analysed the video recordings, photographs, and notes taken during Phase 1. In
doing so, she prepared topics to discuss during the semi-structured interview and generated
photos for body map drawing that is used as a visual complementary tool with the interview.
In Phase 3, the designer conducted a semi-structured interview with the dancer and
incorporated a drawing exercise making the dancer’s experiences graspable for the
designer.

o

Figure 3: The somatic connoisseur, in‘this case the dancer, explores with bodily move
three objects provided by the designer. Photographs by Nesli Hazal Oktay.

This process of somatic connoisseurship resulted in a mood board (Figure 3a) then a set of
prototypes. The prototypes had different forms, but the they all had the same function: they
limited the bodily movements of the wearer in an attempt to disrupt habitual perceptions and
ways of thinking (Loke & Robertson, 2013) in video calls: 1) A pillow placed on a chair during
a video call mimics the ability to turn off the call when the person sitting on the prototype
moves (Figure 4b); 2) a macramé piece that is placed on the wearer’s back in alignment with
their spine mimics the ability to turn off the video call when its wearer moves (Figure 4c); 3) a
ball-shaped piece that is placed on the upper and lower body mimics the ability to turn off the
video call when the person drops the prototype on the floor (Figure 4d). In sum, the
prototypes were unhabitual objects, inviting their users to be more engaged with their bodies
during video calls so that they have new opportunities to shape experiences with their loved
ones when communicating that way.

ments thrugh engagem-ent with
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Figure 4: The mood board and the three prototypes created during Intimacy with Far-away Bodies. lllustration by Nesli
Hazal Oktay.

The designer and her close circle interacted with the prototypes and provided feedback. After
these experiences with the prototypes, the designer realised that prototype 3 (Figure 4d) had
the most potential for creating bodily awareness because of its’ closeness to the body and for
its’ potential for sensors to fitted if making it interactive. Next, an open call was made so that
prototype 3 could be tested. A participant who experiences intimacy in remote connections,
tested the prototype while having a video call with their mother who lives far-away. The call
lasted for about 40 minutes and was conducted in a language that the designer does not
understand in order to create a more comfortable environment for the participant. The
designer observed the participant’s interaction with the object, and recorded notes in her
research diary and took photos. After 40 minutes, the designer interviewed the participant
and audio-recorded the interview. The testing of prototype 3 provided insights into the
emotional qualities and the material quality of this object.

The design process of Intimacy with Far-away Bodies unfolded with the designer’'s new
understanding of how to design for people who are close by heart but physically apart.
Additionally, it revealed how a second-person perspective may inform the creation of mood
boards and ideas for design use. Cultivation and elicitation of the second-person felt
experiences supported the designer in her attempt to transform the abstract embodied
experiences of others into tangible sets of prototypes. The next step is to implement the test
results and to iterate on the prototype.
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Toolset for cultivating and eliciting felt experiences

The two presented projects exemplify how bodily experiences can turn into design prototypes

informed by the felt experiences of pain and intimacy. They apply various cultivation and

elicitation tools to inform the design process. Cultivation of bodily experiences provides rich

data to be reflected upon whereas the elicitation methods explicate these subjective

experiences, and make them more easily grasped by the designer. In analysing these two

projects, we propose a toolset (Table 3) for cultivating and eliciting felt experiences for

design use.

Table 3 presents the toolset for cultivating and eliciting the first- and second-person felt experiences for design use.

Cultivating Felt Eliciting Felt
Experiences Experiences
Exploring Exploring with Visual Textual elicitation Material elicitation
with Bodily Bodily elicitation*
Movements Movements
through (see Table 4 for
Materials the illustrations
of below listed
elicitations)
-Bodily -Bodily -Body map (BM) -Semi- -Lived -Experimenting with
explorations explorations drawings: 1) BM structured experience materials/making/prototyping
through through on the photos of interviews diary
somatic materials i.e., the moving body; - Design mood boards
practices i.e., prototypes or 2) standardised -Research
Yoga or design props black outlined diary
QiGong BM; and 3) life-
size BM

Designing for bodily experiences entails ‘cultivation of felt experiences’ at the beginning of
the design process to gain deeper insight into the relevant bodily phenomena. This stage can
begin with of first- and/or second-person engagements, however, we suggest that designers
to first cultivate with first-person accounts. For this stage, we propose exploring bodily
movements and with bodily movements through materials. The former tool can include
engaging with somatic practices such as Yoga or QiGong. This will help designers and/or
participants to experience their bodies in different shapes, forms and movements that are not
habitual, thus, they can acquire new bodily realisations. The latter tool includes movement
through the use of materials i.e., prototypes, design props or any material that is meaningful
for the specific design project. In applying this method, designers can organise
improvisational sessions where the movement with the materials has no strict rules, or they
can integrate materials into somatic practices e.g. practising yoga while wearing the
prototype. Both tools can be employed to cultivate combined first- and second-person
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experiences. If the designers are experts in any somatic practice, they can use their
expertise to lead these sessions. Otherwise, they can consult a somatic expert in a method
called ‘somatic connoisseurship’.

On the other hand, elicitation methods make lived experiences graspable and communicable
for others. We offer three ways of elicitation that work as complementary tools 1) visual, 2)
textual, and 3) material elicitation. For visual elicitation we offer body map (BM) drawings;
BMs are tools to visually illustrate the felt experiences and they reveal aspects of such
experiences that are otherwise difficult to communicate (Cochrane et al., 2022). BMs are
generally applied as drawings on black-outlined human figures. In addition, we exemplify two
other ways of approaching to BM method (Table 4). The first approach is to generate
drawings on the photos of the moving bodies that are captured during the cultivation
sessions. This kind of BM can be done by using drawing tablets. In this approach, people
may better connect with the visual as it will involve photographs of their bodies and the
photography may evoke their past experiences (Harper, 2002). Additionally, we propose
exploring life-size BM drawings: this approach may capture the location of the felt sensations
that are explored as well as the patterns that are generated and that can inform the visual
design of the prototypes. Finally, we also see value in using standardised BM, especially, for
example, when working with multiple participants and where the possibility of preparing
photographic images for drawing is not possible or is not necessary for the investigation.

Table 4 shows three different ways of approaching the body map drawing: body maps on the photos of the moving
bodies’ life-size body maps; standardised black-outlined body maps.

Body Maps on the Photos of the Moving Bodies
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As textual elicitation tools, we propose lived experience diary and research diary. The lived
experience diary can be used when the cultivation of felt experiences lasts for a longer
period (e.g. a week or a month) so that the detailed nuances of the experiences in question
can be logged. This tool can be applied both for first-and second-person elicitation. If the
lived experience diary is used to document emerging sensations of particular embodied
activities e.g. yoga or a dance session, we suggest writing the diary entries directly after
these activities are undertaken and when the influence of the experience is still fresh in the
memory. We suggest a research diary for taking observation notes when the cultivation
sessions of second-person explorations happen in the presence of the researcher. Hence,
they can document their interpretations of the other people’s experiences to explicate them
later in the elicitation sessions. We propose material elicitation as the final stage of the
elicitation phase. At this stage, the explicated felt experiences come to a being through
material investigation. This process may begin with design mood-boards (see Project 2) that
are informed by the visual and textual elicitation to gather visual inspiration, or it can start
directly with material engagement (see Project 1). For instance, engaging with various textile
materials and techniques to ideate the forms and shapes of the prototypes. This dynamic
process of material encounters will lead the design of prototypes that can be iterated as
much as necessary according to what the projects entail.

In this section, we illustrated a toolset to articulate first-and-second-person felt experiences
for design use. We offer this toolset for designers who wish to work with bodily topics and
gain an in-depth understanding of the embodied phenomena that they want to study. This
toolset is generated by the analysis of two presented design projects which shows that there
is no one correct way of applying this toolset. Design processes are never linear; rather they
circle back where some points of the process are entangled. As we have discussed, these
tools can be applied in different orders as they make sense for the specific design inquiry
with as many iterations as needed. In Figure 5, we illustrate how these tools are employed
and shape the design process of two presented projects. Accordingly, we suggest that
designers engage creatively and extend this toolset for designing for/with/through the
sensory moving bodies.
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Squeaky/Pain

Exploring with Material
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Cultivation and elicitation process of
Intimacy with Far-Away Bodies
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Figure 5: Cultivation and elicitation processes of Squeaky/Pain (left) and Intimacy with Far-Away Bodies (right),
highlighting the non-linear nature of these processes. lllustration by authors.

Reflections on the toolset

We presented two design projects focused on chronic pain and intimacy in remote settings
aiming to extend our perception and understanding of these embodied topics. Thus, they
open up discussions on finding new ways of being and living in relation to these abstract
bodily concepts. Through presenting these projects, we illustrated how felt experiences can
inform the creation of prototypes. Additionally, we created a toolset for cultivating and
eliciting the first- and second-person felt experiences for design use. This toolset provides a
set of design methods that can be applied creatively according to the particularities of each
embodied design inquiry. In this section, we will discuss the challenges that emerged in
application of this toolset during the presented projects. These challenges bring out two
notions to be considered when applying this toolset 1) being silly together; and 2) creating a
safe space for all the parties involved.

To start the cultivation of felt experiences we suggest engaging with bodily practices. As we
have illustrated in both projects this can happen through the designer’s own engagement
with somatic exercises, leading participants into such practices or by observing a somatic
expert in their movement practice. Cases where designers lead a session while observing
participants or observing the somatic expert may create uncomfortable situations for the
ones being observed. To break this social awkwardness, we suggest being silly together with
participants or the somatic experts involved in our design processes. By making unhabitual
bodily movements together, all parties involved can feel equal in terms of social relations and
this may help the ones being observed to better relax and focus on the activity of the
cultivation session. The two projects we have described also illustrate how to practise being
silly together: Firstly, in Squeaky/Pain, before the participants tested the artefact, the
designer led them into a breathing and movement session where she also moved with the
participants. They moved together and saw each other moving in strange positions, thus
breaking the ice and helping participants to become more relaxed and comfortable wearing
the artefact and moving by themselves. Similarly, in Intimacy with Far-Away Bodies, the
designer first entered the world of movement through a QiGong session led by the somatic
expert before the designer observed the expert while the expert conducted embodied
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sketching. In entering each other's world, they became familiar with each other and the way
each other moved. In this way, the designers of both projects realised the value of being silly
together with their participants and collaborators.

Our second point of discussion is the creation of a safe space for our participants, somatic
experts and ourselves in the design-research process of bodily interactions. When we design
with/for/through the body, we open what is private, intimate and personal to the public,
thereby becoming vulnerable. In our attempts to gain insight into felt experiences we may
find ourselves in a position where we risk invading personal privacy. On the other hand,
purposeful vulnerability can also inform design works that focus on exploring unfamiliar
experiences (Popova et al., 2022); it may trigger the formulation of on-the-spot responses for
ethically grounded design processes. Working with bodies is working with the unknown and
may require immediate alterations in the pre-structured design processes. We discuss that
bodily design works should move beyond a consent-based ethical approach —without thereby
abandoning consent procedures— and must create safe spaces for all parties involved in the
study including ourselves and ready to take new actions as our design processes unfold. In
terms of safe space, in Intimacy with Far-Away Bodies, the designer tested the prototype
with a participant wherein the participant would engage with the prototype while having a
video call with their loved one. The designer recruited a participant who would speak with
their loved one in a language that was unknown to the designer. This way, she aimed for a
safe space for the participant to speak out loud and have a conversation without the feeling
of being listened to.

In summary, we propose being silly together and creating a safe space as necessary
elements that should be considered in design works that aim to create bodily interactions and
tackling sensitive personal topics. We have discussed how both of these elements can be
employed in consideration of ethical and caring design processes, thereby providing comfort
even while participants may experience potential discomfort in being vulnerable when
sharing what is intimate, i.e., bodily sensations, emotions, feelings etc. In this way, we
believe our design works may lead to caring prototypes and bodily interactions.

Conclusion

In conclusion, we regard prototyping as an ongoing procedure that is embedded in the open-
ended process of design through a series of embodied actions. When working with the
embodied and soma design processes, prototyping becomes imprinted into the designers’
own bodies whereby our bodily awareness shapes our making and vice versa. In this way,
our prototypes become physical manifestations of abstract bodily experiences. To thoroughly
inform such design studies through the bodily experiences we need to develop better
embodied insights. To do this, we offer the presented toolset in this paper anticipating that it
can guide design inquiries that focus on bodily engagements. Designers can use this toolset
to study the specific bodily concept that they aim to explore in their research or apply it to
gain a general understanding of felt sensations to inspire their designs. We have illustrated
the application of this toolset for explorative design studies that aim to extend our
understanding of the specific bodily phenomena and to influence our perception. Moreover,
we foresee that this toolset could also be used for designing prototypes that will reach end
users. For instance, a design work that requires the bodily engagements of the users can
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benefit from this toolset by learning the diverse ways that how bodies move and feel.
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Abstract

This paper explores the role visual prototyping by visual communication designers can play in the
navigation and communication of textile design research. Typically, visual communication is only applied to
dissemination of research activities — which happens at the end of a project. The authors argue that visual
communication has more to offer when it is included as core element of the research process supported by
visual prototyping. Using an illustrative case study of the Bio-Inspired Textile research project at University
of the Arts London in collaboration with students from the Graduate Diploma Graphic Design course, the
authors discuss how this was explored in practice and the benefits of such an approach. Here the project
was conducted between textile design researchers and graphic design students who took on a student-as-
researcher role. The Bio-Inspired Textiles research explores how eight different structures found in nature
can be applied by textile designers. The communication designers were asked to explore these structures
and communicate them through physical and digital typographical prototypes. Using an after-action review
method, the paper discusses the insights of the project from both researchers and student perspectives.
The authors conclude that visual communication designers can play a vital role within a research process
and their methods, such as prototyping, enables the creation of new translational knowledge and its
application into design practice.

Visual communication design; Prototyping; Student-as-researcher; Textile research; Knowledge exchange;
Translational Knowledge

Traditionally, Graphic design has focussed on developing visual communications in response
to client-needs (Wragg & Barnes 2016). In research, this role is often restricted to the
dissemination of results. However, there is now a growing demand within industry and
academia for a new type of designer. One with the ‘expanded capacity’ to undertake and
participate in research (Vaughan 2017). In our world full of challenges and ‘wicked problems’
(Rittel and Webber, 1973), the research space is expanding to encompass interdisciplinary
teams that could benefit from the integration of visual communication into the research
process as part of the creation of new knowledge.

This paper explores the potential of the role of visual communication designers as
researchers, rather than solely as a disseminators of results. The paper describes a
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knowledge exchange collaboration between visual communication students at University of
the Arts London (led by Author2) and Bio-Inspired Textile team (Author1 and Author3),
working on an interdisciplinary research project. The Bio-Inspired Textile research aimed to
translate knowledge from the field of material science (Naleway et al., 2015) regarding the
ways biological structures create extraordinary properties compared to the simple materials
that they are made of. Fundamentally, the research focused on how the structural lessons
found in nature could be applied to textile design and practice.

Working with Bio-Inspired Textile researchers, the students on the Graduate Diploma
Graphic Design course received a live brief providing them with the unusual student-as-
researcher role rather than a more typical student-as-professional role. Through a six-week
collaboration, the students created 15 typographical prototypes which were used to explore
how the biological structures could be translated for a textile design audience. Reflection-in-
action (Schon, 1983) followed by an after-action review (Morrison and Meliza, 1999) was
used to establish what had happened and what role visual communication had played in the
process of creating new knowledge.

The paper concludes that working with visual communication designers and their prototyping
methods helped to bring a different perspective — as non-textile experts - and clarity over the
key messages needed to translate the biological structures from the material science field for
designers. In doing this, the visual communication designers played a vital role in the
research process, allowing the Bio-Inspired Textile researchers to create new translational
knowledge about the structures for their application into textile design. In exchange, the
students gained an advanced level of experience, not only with information regarding the
biological structures, but as active participants (students-as-researchers) in the research
process through prototyping.

Visual Communication & Research

In academic research, visual communication is generally employed to disseminate outcomes
and findings, which happens at the end of a project. Outcomes, outputs and dissemination
are all common terms that describe visual communication activities in their relationship to
research. This suggests that visual communication happens in service of the research. This
is consistent with commercial practices in visual communication where the goal is to achieve
communicative efficiency of given content (Frascara, 1988). The knowledge created in the
process of developing the communication is rarely discussed, as such designers have faced
epistemological and methodological challenges in establishing an evidence-base for visual
communication (Wragg & Barnes, 2016). Where visual forms of knowledge production are
seen to lack the ‘unambiguous capacities’ of numerical and textual representations (Drucker,
2014), it is contested whether these processes can generate knowledge (Renner, 2017).
However, Hinrichs et al (2018) counter this by suggesting that visual communication can
serve more than one purpose in research. Apart from its role in communicating already
existing insights and knowledge, it can also facilitate exploration’ in order to arrive at ‘new
discoveries'.

To understand how this might happen, practice-led approaches provide a theoretical frame to
establish how images can generate meaning in research, particularly through prototyping
(Renner, 2010). This paper argues that the exploratory processes of prototyping, reflection,

226



and critique (Poggenhohl, 2018) that designers use to develop their understanding of a
problem have something to offer when included as a core element of the research process.

Prototyping in Research

Prototyping is generally exploratory and iterative; a process used to generate knowledge to
inform a larger system. O’Leary (1998) notes that prototyping is a particularly useful and
flexible tool for investigating nonnumeric and symbolic information. Normans' theory of the
‘cognitive artifact’ (1991) offers a useful frame to understand how this process might work.
He proposes that all design can be understood as an act of representation and therefore, is
concerned with cognitive artifacts. Normans defines the cognitive artefact as an ‘artificial
device’ that ‘serves a representational function’ affecting human cognition. In this view, a
prototype can be thought of as both a form of cognitive support and as feedback in a
research process (Boyd Davis & Vane 2019) as they capture and ‘externalize’ a design, and
thinking in process.

There is a growing body of literature discussing the role of visual prototyping, specifically in
interdisciplinary research. For example, in the field of Digital Humanities, designing and
prototyping are considered ‘core activities’ by Galey and Rueker (2010). In their paper, which
explores prototypes as theories, the authors explore whether the arguments embodied by
prototypes are ‘contestable, defensible, and substantive’, and further question whether the
prototypes themselves might be considered original contributions to knowledge. Galey and
Ruecker suggest three broad functions of a prototype.

¢ Prototype as tool: functions as an affordance that is used to carry out a given task
o Prototype as experiment: functions as a process that is used to test a theory

e Prototype as theory: functions as an externalisation that is used to communicate an
interpretation

However, as Hinrichs et al (2021) note, each of Galey and Rueckers definitions present
prototyping as a means-to-an-end. They argue that a prototype can in fact function as ‘an
object of inquiry with its own mediating characteristics’. The idea of a design as mediation or
translation is particularly relevant in interdisciplinary research, where researchers bring
different knowledge, understandings and languages to a project (Ribul & de la Motte, 2018).
Specifically in the field of Design, Poggenhohl (2018) suggests that prototypes can play a
vital role in making visible to everyone involved what is ‘known, half-baked and faulty’ about
an emerging design problem. This paper builds on the idea that prototyping in design can be
used as a form of translation but rather than focussing on exploring a design problem, we
investigate this in the context of research.

Visual Communication & Education

Visual communication as a subject is ‘more typically associated with vocational training than
knowledge-production’ (Nelson, 2013:3). The focus of the practice is often to address and
solve an articulated problem. Consequently, studio-based pedagogies in design education
are structured to emulate professional practice (Motley, 2017). These ‘signature pedagogies’
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are defined by Shulman (2005:52) as the ‘types of teaching that organise the fundamental
ways in which future practitioners are educated for their new professions.” For example, the
‘live brief’ is a signature pedagogy in design education. Here, an external client sets a
creative brief for students and the student-designed responses generate creative visual
‘solutions’ for the client. This type of project-based learning positions the student-as-
professional, requiring them to work as ‘design experts;” employing implicit knowledge to
‘conceive and develop original products, services, and communicative artefacts’ (Manzini,
2015:65). The outcomes of such projects are discussed through critique, where the focus of
the discussion is generally on their ‘appropriateness’ as a ‘solution’ to the given problem
(Cross, 1999, Norman, 1991).

Yet, Drucker (2014) speculates that as visual communication programmes are required to
respond to more sophisticated problems, they will require a corresponding sophistication of
analysis and knowledge production. Therefore, there needs to be a shift in focus from solely
problem solving, where students communicate knowledge that is embedded in their visual
design solutions (student-as-professional) to an additional focus on the student-as-
researcher. In this new researcher role, students communicate explicit knowledge through
process and prototyping to create design knowledge (see Table 1). Therefore, to focus on
knowledge production in visual communication, the case study outlined in this paper
considers the student-as-researcher and their methods (prototyping) where the design
process is viewed not just as one of problem solving but one that aims to ‘produce
knowledge useful to those who design’ (Manzini, 2009:5).

Table 1. Defining the two different roles: student-as-professional and student-as-researcher

Role Focus Communicati ...in order
on to produce
student-as- address and implicit knowledge creative visual
professional solve an embedded in outcomes solutions
articulated
problem
student-as- prototyping explicit knowledge design knowledge
researcher communicated through
process

Bio-Inspired Textiles

Bio-Inspired Textiles (BIT) is an Arts and Humanities Research Council funded research
project that combines the fields of biology, material science and design (specifically textile
design but also visual communication design as this paper discusses). One of the aims of the
research was to develop a practical framework to help textile designers access relevant
lessons concealed within the field of material science regarding the extraordinary mechanical
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properties observed in biology that are the result of structural design.

For example, nacre otherwise known as mother of pearl, is found in the lining of the Abalone
shell. Nacre is primarily composed of chalk, a substance known to be brittle, alongside a
nominal amount of protein. It follows that one would expect nacre to be quite brittle, but it can
be up to one thousand times more resistant to cracking than chalk alone because of the way
the chalk and protein is structured (Barthelat et al., 2007).

As with any scientific discipline, designers find the knowledge from material science, with
their mathematical equations, microscopic imagery and discipline specific language, difficult
to engage. The gap between the knowledge presented in material science field exploring
relationship between the structure (layers) and function (strength and crack resistance) of the
Abalone shell and textile practice is wide. This is evident in the limited examples of textile
designers drawing on biological structural design from the literature. Such activities tend to
be research centred and niche in design (Kapsali and Hall, 2022), but commonplace in
material science. Bridging this gap constituted one of the main challenges for the BIT
researchers.

Bio-Inspired Textiles and Communication

In order to translate the relevant lessons from biology for textiles designers, BIT researchers
drew on the work of Naleway et al. (2015) whose review of the relationship between structure
and function in biological materials that demonstrate advanced mechanical behaviours
revealed eight recurring structures. The consolidation of such a vast body of knowledge into
eight biological structural design elements provided a more consistent framework of
terminology for the material science community. However, Naleway at al. took this one step
further by providing graphical representations of each biological structural design element
offering greater clarity to his audience (Figure 1) and in doing so, created a visual language,
accessible to designers and set the scene for non-specialist audiences to engage with this
information.
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Figure 1. Naleway et al.’s (2015) graphical depiction of the eight most common biological structural design elements.

Typically, in the scientific disciplines, photographic images, such as those from under a
microscope are presented to aid understanding. Comprehending the meaning of these
photographic images involves experience and specialist training, skills designers do not
typically possess. This makes it easy for the information encoded within the photographic
image to be misunderstood by the designers. The translation by Naleway et al. (2015) of a
photographic representation into a graphic representation (more commonplace in the design
disciplines) provides a more accessible way for design researchers to access and apply the
knowledge.

In addition to the graphic representations, Naleway et al. (2015) used a combination of
photographs from under the microscope and literal photographs of the source of the example
to fully communicate the structures. The three visual elements were the key to the translation
for the designers (figure 2). Figure 2 demonstrates the layered structure, described in the text
as “composite materials that consist of multiple layers or interfaces and are often employed
to improve the toughness of otherwise brittle materials” (Naleway et al. 2015:5461). This is
first, visually, explained using a graphic representation of the structure followed by a
photograph of a biological specimen, in this case the Abalone shell (mother-of-pearl). Finally,
physical details of the layered structure are presented with accurate microscopic imagery
revealing the layers found in the lining.

(a)

Multiple
Layers

with Varying

Properties

(c)

L

Abalone (Gastropoda) - Brick & Mortar Layers

Figure 2. Naleway et al.’s (2015) three types of imagery used to explain biological structural design elements (Top:
Naleway et al.(2015), Bottom: adapted by Naleway et al (2015) with permission from Barthelat at al. (2007), Copyright
2007, Elsevier)

The combination of all three of these images represent information that is not necessarily
spelt out in the text, often accepted as tacit knowledge for those in the material science field.
It was the combination of these visuals, especially the graphic, that enabled the translation of
knowledge to be easier to understand by the designers. However, the leap from
understanding this information and how it can be successfully applied into textile practice,
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such as a weave or knit structures was still to be established. It is the application of this
knowledge for a textile designer that provided the challenge for researchers to investigate
alongside visual communication designers.

Methods

This research was conducted between textile design researchers (Cathryn Anneka Hall and
Veronika Kapsali) working on the BIT research project and thirty-two visual communication
students undertaking their Graduate Diploma at University of the Arts London led by Laura
Knight. The collaboration, which took place between February and March 2022 was
designed to involve the graphics students, not as a dissemination exercise or playing the
more traditional role of problem solver for a commercial client (student-as-professional) but
they were asked to become part of the research process (student-as researcher).

The collaboration was set up as a knowledge exchange activity. Using a live brief, the
students were asked to explore the structures in small groups using typographical
prototyping as the main tool of investigation. Typographic design was chosen as the visual
communication activity as it addresses two important but distinct creative challenges that are
relevant to the research; syntax and semantics. Syntax relates to the ‘essential or structural
forms’ of the type (Johnston 1962). Semantics addresses how typography evokes meaning
through visual association (Carter, 2007). Typographic design balances both aspects. In total
fifteen prototypes were produced by the students which were analysed by the Authors to
establish the findings presented here.

Working in this way, the BIT researchers could obtain a non-textile perspective and highlight
areas of confusion within the communication of their framework. The project was conducted
across a six-week period where the BIT researchers actively engaged with the students on
three occasions: to brief the students in the task, provide interim feedback and view the final
presentations. One student project is used as a case study to exemplify the process that was
taken during the collaboration and demonstrate how prototyping was used. However, all
fifteen prototypes were analysed for the research and key examples from across the
students’ work are used for the discussion of the insights.

Reflection was made by the researchers throughout the collaboration, as a form of reflection-
in-action (Schon, 1983), but was only formalised during after action review (Morrison and
Meliza, 1999) in which questions such as ‘what happened?’, ‘what went well?’, or ‘what could
be changed?’ were asked. Finally, the paper also draws on the reflections made by the
students themselves to present both the researchers and students-as-researchers
perspectives leading to the insights presented in this paper.

Visual Communication Design
Collaboration

The visual communication design collaboration was the third collaboration during the
research project. To first, address the challenge of translating Naleway et al.’s (2015) eight
Biological Structural Design Elements for a textile design audience, the BIT researchers
attempted to outline the relevant design lessons within each structure themselves. To test
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how this could be applied to textile design, the BIT team piloted two collaborations, one with
professional textile designers and second with Graduate Diploma Textile Design students. By
working with these two textile specific audiences, the researchers refined their understanding
of the design lessons and began to establish how they could be applied to a variety of textile
techniques (yarn spinning, knitting, weaving, embroidery, fabric manipulation etc...).
Although the communication between the researchers and the textile designers in these two
pilots had demonstrated, in the most part, an understanding of the structures and their
application to textile practice, it had also highlighted key points of confusion. Thus, it became
clear that further refinements were required to bridge the gaps between science and design
practice.

The collaboration between the BIT researchers and the Graduate Diploma Graphic students
was established to explore these required refinements. The collaboration was created as a
knowledge exchange activity to position the students-as-researchers rather than the typical
student-as-professional approach used in the dissemination of research outputs/ findings etc,
The BIT researchers provided students with experience of an interdisciplinary research brief
and the students provided a non-textile perspective of how the structures could be
communicated for a specific textile audience. In this way many of the assumptions and tacit
knowledge held by both the BIT researchers (both textile designers) and the textile
professional and textile student collaborators could be stripped away and further clarity of the
key textile design lessons found in biology was obtained.

Bio-Type Project

The project, called Bio-Type, asked a group of thirty-two graphic design students to work in
groups of two to translate a single Bio-Inspired Design structure into typography as both an
alphabet, and a piece of moving imagery, that spells out the name of the structure.

As discussed, this knowledge had already been visually translated into photography and in
graphic forms by Naleway et al. (2015). While these enabled the translation of knowledge for
the designers, the link to its application into textiles (such as weave or knit structures) was
less clear. The main communication challenge was therefore that the essential structures
needed to be communicated alongside their creative potential in application. Typographic
design was used as the visual communication activity in two ways: syntax (essential
structural forms) and semantics (meaning through visual association). To address syntax,
alphabets are designed as a series of distinct visual signs, each with its own structural
norms. Students would therefore need to explore the ways that the Bio-Inspired structures
could be clearly communicated through the basic structures of the letterforms. In addition,
the students addressed the communication semantically in their material and visual choices.
This provided the opportunity to visually link the Bio-Inspired structure’s to their creative
application in textile practice.

Students were required to use prototyping to develop their understanding of the concepts.
They were asked to generate a wide range of prototypes using different materials, methods
and processes and as the project progressed, narrow down and commit to one concept.
Using further prototyping, they were then able to develop a set of letterforms that
communicated their interpretation of the structure.
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As table 2 describes, teaching and learning was delivered through workshops and studio
critiques supported by readings and technical learning. The BIT researchers' interactions with
the students were deliberately planned across the project at specific points to create
knowledge exchange.

Table 2. BioType Project Structure across six weeks

Week

Activity

Output Examples

1

Brief launched

Students allocated a group and structure and
asked to complete the following visual research
tasks.

1.  Collect 30 images that communicate their
structure

2. Produce 10 iconic prototypes based on a
single image from the found images

3.  Generate 50 symbolic prototypes based on
their structure

These visual prototypes enabled the students to
develop a basic understanding of their structure

and begin exploring the possibilities for
communicating it visually.

Figure 3. Image research into the layered structure,
Credit: Yujuan Cui

Jm L

Figure 4. Iconic prototyping of the layered structure,

Credit: Moeko Doi

="h
=

Figure 5. 30 symbolic prototypes of the layered
structure, Credit: Moeko Doi
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Exploration Workshop

Building on their visual research, students
further explored their understanding of the
structures through collective drawing and
paper model making. These visual and
physical prototypes further developed their
understanding of their structures through
processes of collaborative making and
discussion.

Figure 6. Paper prototyping of the layer structure,
Credit: Laura Knight

Briefing with BIT
Researchers presented:
e the BIT research
e the structures
e design questions for each structure

Following the briefing, students were asked to
evaluate their prototypes so far, using the design

questions set out in the briefing. They were

asked to choose the three they considered to be
the most effective or consider developing further

prototypes based on the design questions.

Studio

Students presented their chosen prototypes in a
studio critique. Prototypes were discussed and

evaluated in terms of:
e their effectiveness in visually
communicating the structure
e their potential for development as a
response to the design questions

Figure 7. Prototype presentation for Layer structure,
Credit: Yujuan Cui and Moeko Doi
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Typographic system prototyping workshop
Students begin to explore typographic systems -

using rule-based drawing around a single

structure to explore scales of visual dimensions.
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Figure 8. Typographic system prototypes for Layer
structure, Credit: Yujuan Cui and Moeko Doi

Presentation of prototypes to BIT

Figure 9. Chosen prototype for BIT presentations,
Credit: Yujuan Cui and Moeko Do (see also Fig.13)

Final studio
Peer critique of final proposals

Final presentations to BIT
See Fig.13 & 14
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Case Study: Layered Structure

At the end of the BIT research project (after the collaboration) each design lesson obtained
from the structures found in biology was distilled into a simple text relevant to textile
designers. The graphic design students' work formed part of the methods that provided this
clarity. For layered structures this message is as follows: “Biology can teach us how layers
combine materials in different ways for specific jobs” (Bio-Inspired Textiles, 2022).

Just like the Abalone shell with its brick-and-mortar layers of chalk and protein that ensures
the mother-of-pearl is stronger and more crack resistant than if it had been made up of either
chalk or protein alone, textile designers can ask themselves how they can combine and
position textile materials to create specific functions. The example provided by the BIT
researchers, is a quilt made from three layers of materials: a woven textile on top, a filler
textile in the middle and a softer textile at the bottom. Alone, none of these textiles achieve

what all three materials create together.

However, to reach this clear explanation of how layered structures can inform the way we
design textiles, the graphic design students explored how this structure could be visually
presented. Here we will explore the work of students Yujuan Cui and Moeko Doi.

Beginning with prototyping workshops the students Yujuan and Moeko explored, paper

modelling and a hidden drawing exercise in which paper was split into four sections where
each person took turns drawing their own section of a letter without looking at the previous
(figure 10). This resulted in a disjointed letter form that later inspired the student’s alphabet

and moving image.

Bslag3 3.3 3

i'j
(W]

Figure 10. Paper prototypes (left) and letter sections exercise (right) Credit: Yujuan Cui

Across the weeks, focused on layered structures, the students started to explore digital
prototyping and how textile layers could be communicated (figure 11). Prior to interim
feedback from the BIT researchers, Yujuan and Moeko developed a concept using three
layers of engraved Perspex. Each Perspex layer contained shapes which when brought
together in a moving image created the typeface (Figure 12). They specifically designed
each layer using a different pattern to represent different materials that together became

more than the individual parts.
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Figure 12. Interim layered concept, Credit: Yujuan Cui and Moeko Doi
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The student’s moving image also incorporated lights in an attempt to disguise between the
layers. The feedback provided by the BIT researchers was to focus on making the visual as
relevant to textile designers as possible and expanding away from lighting and into physical
materials rather than solely etchings on a single transparent material.

This led to their final moving image design utilising texture, colour and materials in which the
word ‘layer’ appears from the structural layers (figure 13). This was complemented by the
students' alphabet design in which they incorporated a similar approach of building different
textural components layered one on top of the other to form each letter (figure 14).

) ;mmuayu. The second layer, ‘ pm%mmm

wioid engraving

4 pointy Lether acrylic cutting

>

Figure 13. Final moving image design for BIT structure ‘layer’, Credit: Yujuan Cui and Moeko Doi

Figure 14. Alphabet design based on the BIT structure ‘layer’, Credit: Yujuan Cui and Moeko Doi
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Discussion

This paper argues that the collaboration between the graphic design students, positioned as
part of the research (taking a student-as-researcher role) and discussing their interpretations
(prototypes) enabled the students to be an integral part of the research process that provided
the BIT researchers with clarity and new perspectives on the translation process of material
science topics for textile designers. This was demonstrated in the case study (above), in
which the graphic students, Yujuan and Moeko, explored the main messaging of the
biological structure ‘layer’. The students successfully emphasised, through their physical and
digital prototyping, the main message of the structure, namely how using layers provides a
different function/property to the final design than those elements alone. This was
communicated using different shapes across layers that built a typeface. This visual
communication process provided additional clarity for the researchers as they explored the
fundamental messages of each structure from Naleway et al.’s (2015) research paper, which
later would then be articulated visually and using language for a textile specific audience as
part of the official research dissemination.

Furthermore, at the interim stage the BIT researchers provided formative feedback on the
work in progress. Yujuan and Moeko’s work used transparent, acrylic sheets to communicate
the layer structure. The BIT researchers fed back that they should consider using more
textile-like materials to make the communication relevant for the textile design audience. It
was here that the researchers started to appreciate the differences between communication
to a broader design audience and a textile specific one. This was important translational
knowledge produced by the student-as-researcher role that forced the BIT researchers to
consider what aspects would make the core messages of the biological structures relevant
for textile designers.

These forms of insights occurred across the whole body of students' work. For example, in
early prototyping, the students working on the ‘Cellular’ structure began by visualising and
prototyping the shapes of plant and human cells (the objects) rather than the 'cellular’
structure themselves. Cellular structures found in nature, such as the honeycomb,
demonstrate repeating, geometric, hollow units. The honeycomb is made of wax, a relatively
weak material, but the cellular structure used ensures stiffness, even though the majority of
the structure is formed of air (the gaps in the cells) which is used to store honey and protect
larvae. The lesson from biology, in the case of cellular structures, is the opportunity for
designers to create stiffness and volume with a reduced amount of material.

However, the research team observed that the designers tended to focus in on the cell
shapes from an aesthetic perspective, rather than the structural lesson of creating varied
stiffness and demonstrating high volume using little material. This made the BIT researchers
take a renewed perspective on the textile prototypes created in the previous textile-specific
collaborators. Their interpretations used textile techniques, which by their nature were 3D.
Therefore, even if the textile designers had mistakenly taken inspiration from the aesthetic
shape of cells, this could still have been interpreted by the researcher (with expert
knowledge) as a volumous cellular structure, when it was in fact just a 3D textile technique
being used to articulate their incorrect aesthetic interpretation. Thus, due to the BIT
researcher’s expertise, any misunderstanding of the structural lesson would have been
missed.
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Therefore, the experience of working with visual communication designers generated design
knowledge for the BIT researchers in two ways:

o Clarity over the key messages needed to translate the biological structures from the
material science field for designers.

e New perspectives from non-textile designers that highlighted areas of confusion
within the BIT framework

Combined, this created new translational knowledge for the researchers about the
communication of the biological structures to aid their application into textile design. This
demonstrates the role visual communication designers can play in process and the creation
of new knowledge within research.

Role of Prototyping

Visual prototyping played an important role in this process. Students used visual prototyping
to develop their understanding of the BIT structures, employing the exploratory processes of
prototyping, reflection and critique (Poggenhohl, 2018:176) discussed earlier in the paper.

“We found that using a mechanical hair clip demonstrated what a flower would look
like unwound or completely expanded. We began to appreciate how pedal structures
can bend and fold to become something functional as a necessity in biodiverse
environments.”

The different workshops in the project pushed students to use different forms of prototyping -
2D, 3D and 4D. This enabled the process of translation (Ribul & de la Motte, 2018) from the
language of material science to the language of visual communication.

“l understood that the key was to use the minimum amount of material. This means
using a minimum of multiple materials to establish the character. For example, ideas
such as using holes, reducing the number of lines, cutting the letterforms, etc”

The prototyping processes supported students in generating a ‘field of options’. This
happened in the context of studio-based workshops which enabled the students to evaluate
the prototypes by comparing with others.

“It was interesting to see how different interpretations collided with each other. Some
spirals were flat, some were three-dimensional, and there were helicals viewed from
different angles. And | was able to learn from the many directions during the
discussions with the group.”

“l think it was helpful to see how things we learning were interconnected as a way to
strengthen our current research.”

The prototypes were presented back to the research team at three points in the process. The
prototypes functioned as a ‘material conversation’ (Poggenhohl, 2018) between the students
and researchers, communicating their different interpretations of the research questions. The
feedback also focussed the inquiry for both students and researchers. Their interpretations
produced communication knowledge by providing non-expert interpretations of the research
for discussion and critique. These sessions were the pivotal point in the knowledge exchange
between researchers and students that underpinned the student-as-researcher role.
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For the researchers, it was at this middle unresolved stage that they gained a real
appreciation of the successful translation of key ideas, any confusion created, the red flags
for them to resolve and any differences between the translation from non-textile designers
and the previous textile centred collaborations. In exchange, this new role for the students
introduced them to visual communication design as a method driven by process rather than
outcomes. The prototyping that the students created during this project were never intended
to be used as final communication of the structures, but rather were part of the research
process. The final visual communication, for the dissemination of the project, was completed
later but was directly informed by translation knowledge developed in this collaboration.

Furthermore, as a knowledge exchange project, three additional types of knowledge for the
students in their new role were established:

1. Better technical understanding of the research to be communicated (the structures
and material design concepts).
lllustrated by a quote from the students working with ‘Layer’ structure:

“I had a vague understanding of the structure of a layer, but | think | now have a
better understanding of what exactly it is.”

2. Improved knowledge about how to design the communication within research context.
lllustrated by a quote from the students working with ‘Overlap’ structure:

“Our typeface aims to replicate how this structure can bend into familiar shapes and
how flexible structures, such as those found in nature can overlap and condense into
diverse forms. We want to create a structure that can be implemented into a system
for typography that demonstrates this flexibility of expanding and contracting.”

3. Clearer understanding of benefits of using prototyping to develop

communication design within a complex research project.

“For biotype, the methods we used and why they are effective have provided a
framework for how to approach a complex project.”

Overall, the process generated important knowledge for both researchers and students-as-
researchers on the challenges of communicating research to non-experts, the knowledge this
creates about the process and what is important for discipline specific communication. As
such, the design process was not just one of traditional problem solving but one that
produced ‘knowledge useful to those who design’ (Manzini, 2009:5).

Conclusion

This paper set out to explore the role of visual communication design and prototyping within
a research context. Conducted through a knowledge exchange collaboration between BIT
researchers and visual communication students the project explored how a translation of
biological structure design knowledge articulated in the field of material science (Naleway et
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al., 2015) could be communicated to textile designers for its application across textile design
practices. The students working with a live brief, took on a student-as-researcher role and
became part of the research process, rather (as is more common) than student-as-
professional tasked with finding visual solutions to a problem.

Prototyping (physical and digital) was a key tool used by the students to develop their
understanding of the eight biological structure design elements and communicate their
interpretations back to the researchers. The overall aim was to understand how translate the
knowledge found in the field of material science messages for a textile design audience. The
typographical prototypes created were pivotal at the interim stage, a point of connection with
the BIT research team, for the students-as-researchers to demonstrate their interpretations
and receive feedback. For the BIT researchers working with non-textile designers (after two
subsequent textile specific collaborations), these prototypes provided clarity over the key
messages and new perspectives that highlighted areas of confusion when translating the
biological structures from the material science field for textile designers. This enabled the
creation of new translational knowledge for the BIT researchers. In exchange the students
gained technical understanding of the research content, improved knowledge of visual
communication through prototyping and the methods they can use in the role of students-as-
researchers working within a complex research space specifically, as part of the process and
in generating translational knowledge.

Ultimately, the research concludes that visual communication designers can play a vital role
within a research process. Their methods, such as prototyping, enables the creation of new
translational knowledge and its application into design practice.
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Abstract

In the post-pandemic context, organizations are facing critical and systemic changes, particularly in
people’s way of working and related processes. In the last decades, Design and Business Innovation
literature presented the different ways Design supports organizations' innovation and transformation
processes. This paper starts analyzing experimental approaches - namely design intervention - that Design
may implement to support organizations in redefining working modes. The focal point of this contribution
consists in the redefinition of working routines through the prototype of employee experience models.
Furthermore, the existing literature presents a gap in the experimentation and implementation of
prototyping activities in the employee experience design. Indeed, the application of service prototyping to
employees' experience represents a stimulating challenge among design practitioners and researchers. In
a moment of massive uncertainty in knowledge workers’ routines, how can Design be applied to Employee
Experience to support organizations in redefining working scenarios? More specifically, how may we be
able to co-design employee experience through a service prototyping approach?

The theoretical purpose is to reflect on whether implementing service prototyping to employee experience
may represent a fertile design research topic. The study presents a qualitative analysis with a Participatory
Action Research method, partnering with an ltalian bank's HR department and involved employees.
Specifically, the paper is built on an experimental project that applies Employee Experience Design and
Service Design Prototyping methods to redefine working habits in evolving contexts. Findings show the
importance of employee experience prototyping in activating behavioral changes by triggering awareness-
raising mechanisms in individuals. Additionally, the lengthy process of changing working practices and
routines within organizations can be approached effectively by co-designing employee experience models
and iteratively testing and evaluating them. The paper aims to show the potential benefits of exploration for
design research in applying prototyping to employee experience design.

Employee Experience; Service Design; Prototyping; Organizational transformation; Co-design

This paper addresses the current role of Design within organizations through design
interventions: the creative distress that permeates organizational life. Building on recent
contributions which reflect on the role of individuals as starting point of organizational
change, the study proposes an exemplar of using co-design and service prototyping
practices applied to employee experience design. In the knowledge workers’ realm,
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designers recently supported HR in transformation processes, implementing "creative acts of
making" (Sanders & Stappers, 2014) to co-design prototypes of employee experience. Thus,
the study draws on an experimental project developed by applying Employee Experience
Design and Service Design Prototyping methods to redefine working scenarios in uncertain
times, like during the COVID-19 pandemic. The research aims are: to reflect on the
theoretical implications of an experimental study based on a research and design project
developed in a precise context; furthermore, to experiment and co-design service prototypes
in unexplored realms, such as the one of employee experience, aiding the changing of
working habits and nurturing employee engagement. The paper performs a qualitative
analysis with a Participatory Action Research method by testing a prototyped employee
experience model, co-designed with the partner — a financial institution HR department.
Therefore, the prototype developed in the study consists of an employee experience model.
a set of experiential options that could be freely chosen and navigated by the participants
inside the specific context of experimentation. The proposed prototyping framework includes
service design elements: tangible touchpoints, spatial configurations, and experience
conditions. A significant sample of employees participated in two different iterations of the
experimental test of this model to explore how the working experience is changing. The
findings highlight the role of the employee experience model prototyped: to activate
awareness-raising processes in individuals and train them to avoid reintroducing old working
routines such as the one adopted before the pandemic. Thus, the employee experience
model was designed to trigger critical thinking among the organization's people rather than a
catalogue of designed workspaces. The different experiential options prototyped can play a
crucial role in facing organizations' complex and systemic changes regarding new working
life; indeed, co-designing employee experience options— iteratively testing and evaluating
them - can represent a practical approach to the lengthy process of changing working habits
and routines within organizations. In addition, making employees experiment with a different
experience and working model can represent a novel way to enhance knowledge workers'
engagement in these critical times.

The paper articulates into four sections. The background theory presents the relationship
between design, employee experience, and service design prototyping to transform
organizations. The methodology and research design describe how the research was
conducted. Research activities and results express the diverse areas of inquiry and the
primary derived data. Finally, a discussion highlights the theoretical and practical
implications.

Background theory

Designers are experimenting with practices to face the complexity of the current context,
especially in novel and fertile realms for the design discipline. In the last decade,
organizations have employed Design approaches and methods - often referred to as "Design
Thinking" - to start transforming their structural features and be ready to take the risks that
every systemic change entails (Zurlo, 2019).

The adoption of Design within corporations has historically been motivated by strategic
factors such as facilitating disruptive innovation pathways or enhancing customer
experiences. Lately, the diffused direction has focused on the purposes more oriented to
internal cultural growth feeding internal teamwork across the organization silos or changing
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internal mindsets and enticing talent (Dunne, 2018). In mature contexts, Design adoption
even aims to activate organizational and social transition processes, which can be
considered system changes. The advancement of the design discipline and organizational
structure are closely linked, according to Buchanan, who stated that "the product to be
designed is not an artifact or a customer service anymore but the organization, itself"
(Buchanan, 2015).

The design intervention mentioned above thus permeates the organizational change actual
topics and related literature. Organizational change is the process by which an organization
modifies its current structure, daily working routines, strategies, or culture in ways that
could significantly impact the organization (Herold et al., 2008). Significant organizational
change can be planned or unplanned. Planned change happens when a review of business
operations identifies issues that must be fixed immediately (Li et al., 2021). Thus,
organizations can proactively boost their performance and effectiveness by modifying their
business structures and developing new offerings. On the other hand, unplanned change is
frequently brought about by unforeseen external forces. The main objective of unplanned
change is to maximize potential benefits, reduce the adverse effects of the problematic
situation, and turn the crisis into an opportunity (Schermerhorn Jr et al., 2011). Unplanned
organizational change, as for the COVID-19 pandemic, can expose employees to
uncertainties, leaving them with doubts and concerns that could affect their relationships with
the organizations (Li et al., 2021).

The design approaches, designerly way of organizing (Zurlo, 2019), have redirected the
reflections to the individuals as the starting point of organizational change. Business
transformation's drivers are employees’ capabilities, skillsets, and mindset, which are crucial
components and indicators of organizational culture (Elsbach & Stigliani, 2018).

Therefore, User Experience Design approaches applied to employees are becoming
fundamental for reacting to unplanned changes and activating organizational transformation
processes (Auricchio et al., 2018). Indeed, by observing people's needs and behaviors within
the organization, design can inspire organizational change. With businesses' increasing need
to bring people at the center of organizational transformation projects, the employee
experience design stands out as an experimental topic for design researchers and
professionals. Thus, organizations need to invest the resources necessary to design,
produce, and stage an equally unique, memorable, and engaging employee experience if
they want to consistently offer value in the area of engagement experience. It is a self-
reinforcing cycle with better employee experience resulting in better customer experience,
which then feeds back to mankind into more engaging employee experiences possible (Pine
II, 2020; Maylett & Wride, 2017). While there is extensive research on customer experience,
employee experience has received less attention from both the Business & Innovation
management literature body and the Design one (Batat, 2022).

The term "employee experience" was first coined by Abhari et al. (2008); Morgan later
provided its conceptualization concerning an organizational and HR perspective (Morgan,
2017). Morgan described the employee's experience as a source of innovation, a way to
increase customer satisfaction, and a plan to attract talent, engage them, and boost their
performance (Morgan, 2017). Thus, employee experience influences employees’ behaviors
and attitudes, impacting organizational performance and well-being (Whitener, 2001; Batat,
2022). Indeed, employee experience is the intersection of employee expectations, needs,
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and wants and the organizational Design of those expectations, needs, and wants (Morgan,
2017).

In 2022, Batat developed an employee experience theoretical framework (EMX) that
combines the different views on the Employee Experience definition, rooted in the
organizational and HR management literature; EMX is the employees' personal and
changing perceptions of their cognitive, behavioral, and emotional states, as well as their
social interactions with other employees, managers, and other internal and external social
actors within the employing organization (e.g., suppliers and clients). These perceptions
result from various interactions impacting employees' perceived value and well-being
throughout their experiential journeys within organizations (Batat, 2022).

Design discipline brings a holistic and experiential view of the employee experience to be
extended to what has been named "human experience" (Rossi, 2021): designers have to
consider components such as the community, physical workspace, environment, tools,
activities, and social platform simultaneously (Lesser, 2016). Therefore, designing
Employees' experience means interacting with three spheres: employees' physical
environments, their social connections, and the work to be done (Lesser, 2016).
Furthermore, applying the User Experience design in the workplace means empathizing with
employees as individuals and as a part of representative groups to fulfill experiential needs -
cognitive, emotional, social, behavioral, and sensorial (Abhari et al., 2008; Plaskoff, 2017).

Designing employee experience implies looking at the entire experience through the
employment lifecycle, a pathway including a multitude of touchpoints - employee interactions,
experience with tools, physical spaces, procedures, and policies - as well as interaction with
outside sources - conversation with family and friends, former employees, and media reports
(tam & Ghosh, 2020). To provide employees with a comprehensive and tailored experience,
organizations must assess and identify the needs of the workers throughout all stages.
(Maylett & Wride, 2017).

Organizations adopt design practices to transform processes and outputs of various human-
centred activities, including managing human resources (Deserti et al., 2018). The worlds of
Design and HR are becoming more and more entwined.

The employee experience design serves as the intersection point of these two research
areas; thus, this study's theoretical and experimental focus relies on the opportunity to
explore this emerging topic. Moreover, the existing literature highlights a gap in the
experimentation and implementation of prototyping activities in the employee experience
design.

In the professional context, what happens is that designers are asked to participate in the HR
transformation process through a variety of co-design activities. In this scope, what plays a
crucial role is the implementation of “creative acts of making” by designers (Sanders &
Stappers, 2014) to co-design and evaluate prototypes. As Sanders and Stappers sustain
(2014), through adopting methods for making, professionals can “make things” — as co-
designed prototypes - that can activate reflections on future experiences and life habits.
Furthermore, employee experience design relates to the practice of service prototyping,
intended as a set of approaches and activities aimed at collaboratively representing,
communicating, and evaluating design concepts (Blomkvist & Holmlid, 2010). In particular,
the challenge in this context consists in how to prototype whole services accurately
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representing the experience of the future service in a realistic setting.

In the knowledge worker areas, managers frequently ask designers to aid with employee
reflection on particular issues and the collective finding of new solutions (Auricchio et al.,
2018). Furthermore, managers are experimenting with new leadership approaches based on
co-design: they set up their organization's settings to allow everyone to play an active role
and maximize their potential. Design is frequently perceived as a catalyst for team building,
but the profession's primary objective in this scope has always been to co-design and involve
various stakeholders in developing novel solutions to complex issues (Rossi, 2021).

Starting from the explained background theory and observing the significant changes that are
occurring in the working habits of office employees the research challenges specific
questions: how to apply Design to Employee Experience to support organizations in re-
defining working scenarios? How to co-design employee experience through service
prototype approach? The research activity presented in the next chapter aims to face the
transitions happening in working routines caused by the pandemic.

Methodology

Research Purpose

The research process has a particular experimental design approach, due both to the nature
of the experiment and to the specific methodological choice in addressing the identified
research questions. The work adopts qualitative and exploratory research methods, to create
new knowledge contributions and develop the primary assumption (Creswell et al., 2007).

The concept of prototyping employee experience models to understand - and subsequently
define - how working logics are changing is debated by practitioners. However, it is still
poorly defined from a scientific point of view. For this reason, and in an effort to be coherent
with the complex challenges addressed, the research strategy adopts an explorative
approach. Exploratory research does not employ confirmatory mechanisms, as hypothesis.
Its aim is to maximise the discovery of generalizations, that lead to the understanding of
phenomena through an extensive collection of insights on a specific subject (Stebbins,
2001).

Research Design

The research follows a Participatory Action Research (PAR) methodology, developing,
prototyping, and testing new employee experience models with an Italian financial institution,
the partner organization in this study. The research project, titted Working Life Scenario in
Evolution (WLSE), is developed with the organization’s HR Department, specifically with the
People Development team.

The sample is composed of 38 employees, from three different business units, with diverse
job roles and seniority levels.

The research team includes one professor, two researchers and two junior service
designers. The project lasts ten months, including the final assessment phase.
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Multiple methods of data collection were used and subsequently triabngulated in order to
understand partecipant experiences. Due to the COVID-19 pandemic restrictions during the
first phases of the research, most data collection tools implemented are digital.

The main tools adopted are semi-structured interviews and individual virtual and in-presence
conversations. The team also employed methods inspired by ethnography and digital
ethnography research, such as user observation to monitor the testing of the prototyped
employee experiences and digital user observation to document routines.

The co-design approach and methods permeate the whole set of research activities implemented
with the HR team of the partner organization.

The research process follows the reiterative steps of the PAR approach: Planning, Action,
and Reflection, followed by Evaluation (Lewin, 1946; Kindon et al., 2007). Therefore, the
research goes through a repetition of these stages until the action is complete. The
performed activities follow five steps:

e Step 1 - Planning — WLSE ideation and definition of LAB 1: is the planning and
structuring of the activities, from the preliminary research to the definition of the
employee experience models prototyped in the WLSE Iterative LAB 1. It actively
involved the partner organization and its employees both through the exploratory
research and the co-design of the LAB. The aim was to collaboratively define and
plan the experiment so that it would coherently fit with the study context and address
the emerged employees’ needs.

o Step 2 - Action — WLSE lterative LAB 1: is the first set of the main experimental
activities, specifically the prototyping of employee experience models to co-design
and test in a participatory session with the employee of the partner organization.

o Step 3 — Reflection — redesign: WLSE lterative LAB 2: is the analysis of the data
collected during the WLS lIterative LAB 1 to generate insights, redesign the employee
experience models and prototype them through LAB 2. As in step 1, the partner
organization was actively involved to co-design the second iteration of the prototype.

o Step 4 — Action - WLSE lterative LAB 2: it includes the second set of the main
experimental activities, specifically the prototyping of employee experience models -
redesigned during the previous phase according to the insights gathered through LAB
1 - to test in a participatory session with two other teams of the partner organization.

o Step 5 — Reflection and Evaluation — prototypes and experiment assessment: is the
activity of assessment of the prototyped employee experience models and of the
experimentation and project results. Findings were compared with the framework
developed in the previous phases of the research project.

Research activities and results

The research activities included the ideation, prototyping and testing of new employee
experience models, through two iterations corresponding to WLSE LAB 1 and WLSE LAB 2.
To define and build the prototype, the research team developed a specific framework, that

250



addresses the peculiarities of the prototyping object itself: a set of experiential options that
could be freely chosen and navigated by the participants, inside the specific context of the
bank’s headquarters in Milan. Therefore, the prototyping framework includes the prototyping
of three service design elements, tightly interconnected: tangible touchpoints, spatial
configurations, and experience conditions (fig. 1). The design intervention thus consisted of
the configuration of spaces, with the prototyping of diverse working environments, each
characterized by specific layouts, furniture, and technological tools; and of the design of
tangible touchpoints that could stimulate the various working experiences: communication
touchpoints, guiding touchpoints. Although various limitations prevented the implementation
of major spatial modifications, the research team designed this reconfiguration ad hoc.

EMPLOYEE EXPERIENCE MODEL

Experience conditions

Configuration of spaces Tangible touchpoints
Specific layouts Communication touchpoints
Furniture Guiding touchpoints

Technological tools

Figure 1: Prototyping framework developed to define and build the prototype

WLSE LAB 1 - first prototype iteration

The ideation of LAB 1 started from the insights gathered through the preliminary research
activities (step 1 — planning), which explored how to redefine and co-design the employee
experience in a post-pandemic scenario within the context of the bank. The aim was to
define a collaborative project considering the organization’s emerging needs. Therefore,
WLSE is an experimental project to orient workers in shaping new work habits by
experimenting with novel employee experience models.

The preliminary research included the definition of a set of personas representing the
recurring professional figures within the organization. These personas became the starting
point to develop a visual representation of employees’ journeys, reproducing a condensed
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version of a hypothetical working day. The use of this tool allowed to map critical areas and
opportunities in the working routines of each employee’s profile and guided the definition of a
digital conversation format to collect punctual data through semi-structured interviews with
the company’s key informants, representing the personas priorly developed. This phase of
digital ethnographic research guided the definition of the urgent topics for the organization’s
employees to address through the WLSE lterative LAB 1.

Indeed, the WLSE iterative LAB 1 prototyped a new employee experiences model, following
the framework explained in the previous paragraph. To define this new employee
experiences model, the research team considered the working framework adopted by the
partner company: Activity Based Working (ABW) model. This model aims at giving people
autonomy and flexibility in deciding where, when, and how to work. Consequently,
workspaces need to adapt to individual needs, offering diverse space options. The bank
structures the ABW model around four pillars, referred to work-related areas significant for
their businesses. The pillars, named 4Cs, are: Concentration — activities requiring individual
focus -; Collaboration — tasks involving team or interdepartmental work -; Communication —
activities involving information sharing and conversations between colleagues, not
exclusively work-related -; and Contemplation — individuals’ needs and time to decompress.
Therefore each experiential option addressed the activities related to one of the 4Cs - as
visible in Figure 2 - to stimulate distinct behaviors, and presented a specific setup to allow
employees to test novel working experiences. Spazio Attivo and Spazio Morbido — two
Concentration options — allowed pure operational work and focused and/or private tasks.
Collaboration activities — as proactive discussions and collaborative sessions - could be
performed in Spazio Fluido. Spazio Raccolto fostered hybrid Communication — among in-
office and remote workers —, while Spazio Espresso informal discussions during breaks.
Finally, Spazio Respiro option addressed the need to decompress from intense working
activities.

Spazlo Attlve

Spazio Morbido

..........

Spazle Raccolte

Spazlo Resplra

Spazio Respiro Spazio Espresso

CONCEMTRATION COLLABORATION

Figure 2: WLSE lterative LAB 1, graphic representation of the different employee experience options and related label
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As previously explained, the experiential option prototype consists of designing the
employees’ working experience and related services (experience conditions), the
reconfiguration of spaces and a series of tangible touchpoints (communication touchpoints,
guiding touchpoints). The design intervention on spaces aimed at offering people suitable
environments for the working needs addressed by the 4Cs. Communication touchpoints
consisted of a Manifesto introducing the whole LAB and posters to briefly describe each
working option, to explain their purposes and stimulate participants’ reflections. Guiding
touchpoints included an explanatory booklet and a leaflet with advice for each employee
experience option. Through prototyping spaces and touchpoints, the research team was also
able to define and prototype employees’ experiences, to be tested by participants.

The testing lasted 3 days, in July 2021 (Step 2 — action), involving 11 people from the
Financial Engineering team. During the preliminary onboarding sessions - one dedicated to
the team leader and one to the whole team -, the research team introduced the LAB
principles and the prototyped employee experience models. In the testing phase, participants
could freely use, live, and experiment with the experiences proposed, conducting their
regular job activities.

Each day, the research team performed observations, informal conversations with
participants and a semi-structured debriefing moment; while an additional debriefing meeting
with the team leader and HR members took place one week later. These ethnographic
activities allowed to collect data and insights on the prototyped employee experience models,
later analyzed by clustering them to identify recurring themes. Specifically, the main topics
that emerged were diffusion of the Activity Based Working approach, experience transitions
(from one working experience to another and from one working area to another) and
spillovers (knowledge and ideas sharing among employees). For each of them, the research
team highlighted two types of reflections: cultural awareness insights — theoretical and
research-based — and design implications — prototype-oriented. These reflections also
allowed to define the significant aspects to address during the LAB redesign (step 3 —
reflection).

The need to accompany people through new ways of working emerged, to increase cultural
awareness on ABW and avoid re-proposing old habits when experiencing new working
models.

As a design implication, the need of involving more participants arose, to further diffuse new
working models and highlight feedbacks and criticalities about the prototyped employee
experience model. Thus, the research team — together with HR people — decided to involve
two teams from likewise industries in the LAB 2.

Experience transitions emerged as a critical element: employees should be trained on the
importance of moving to different areas according to specific working necessities. The
research team planned a training session at the beginning of LAB 2 and a dedicated
communication campaign, to stimulate reflection among the participants.

As a design implication, the relevance of distributed privacy areas emerged, allowing
employees to individually work without the need to return to their main office and thus
facilitating the transitions. This insight was practically translated in the redesign of the
experience models prototype of the LAB.

Spillovers and serendipitous contaminations emerged as significant elements of the
workplace routine. In-presence working fosters the exchange of ideas and information, as
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well as the cross-fertilization among different departments and the creation of weak ties
(Granovetter, 1973). The decision to involve two teams in the WLSE lIterative LAB 2 allowed
to investigate these aspects further.

WLSE LAB 2 - second prototype iteration

The WLSE lIterative LAB 2 prototyped new employee experiences models, responding to the
need — emerged from LAB 1 - of transmitting to participants a deeper understanding of the
WLSE principles and of raising awareness about the new ways of working. As in the first
LAB, the research team followed the prototyping framework priorly depicted.

Also in this LAB, the experiential options followed the 4Cs framework. However, some of the
provided employee experience options changed following the insights gathered during the
Reflection phase. Spazio Espresso became open to employees not taking part in the test, in
a highly frequented area. Punto Ricarica instead addressed participants’ needs of taking a
break with colleagues. Spazio Morbido left place to more areas dedicated to individual
working experiences.

Punto Ricarica

Punto Privacy

Spazio Raccolte

Punto Privacy
Spazio Respirc

Spazig Attivo

..........

Spazlo Resplre

Spazio Raccolto

Spazio Espresso

Punto Ricarica

Spazio Attive

Punto Privacy

Funto Privacy

COMCENTRATION COLLABORATION

Figure 3: WLSE lterative LAB 2, graphic representation of the different employee experience models and related label

These changes in the experiential options provided consequently influenced the prototyped
spaces and tangible touchpoints. Moreover, their aim changed also to address the identified
insights on cultural awareness, stimulating participants’ critical thinking on new ways of
working and new working habits. Communication touchpoints consisted of a series of posters
with triggering questions to foster reflections and raise awareness on ABW and on the new
employee experiences among the whole bank division population. Guiding touchpoints
included a landing page, providing detailed information about the whole project and the
specific employee experience models.
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The testing lasted 3 days, in October 2021 (step 4 — action). It involved 27 people from two
teams belonging to the business areas of BM & HC and Energy. Team leaders participated to
an onboarding moment to bring them closer to the LAB purpose, structure and aims. Instead,
the whole team engaged in preliminary training, aiming to explain how the ABW, and the new
ways of working shaped the LAB 2 definition. As in LAB 1, in the testing phase, participants
could freely use, live, and experiment with the employee experience models proposed,
conducting their regular job activities.

The research team performed observations and informal conversations with participants on
the first day of the test. A semi-structured debriefing moment took place on the final day of
the test, involving all the participants. One week after, a debriefing meeting with the team
leader and HR members allowed to collect additional insights.

The finale step of the PAR process, the Reflection and Evaluation phase, is presented as a
discussion of the research results in the following chapter.

EXPERIENTIAL OPTION - SPAZIO FLUIDO

i
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Figure 4: Visual representation of the experiential option of Spazio Fluido: prototyped spatial configurations (illustration of
designed spaces), tangible communication touchpoint (digital version of the printed posters) and experience conditions
(photo taken during the WLSE Lab)

Discussion

This paper aims to describe and discuss the practice of service prototyping applied to
employee experience design and the roles and implications of these design interventions on
working routines and habits. The significant number of research activities and data collected
and analyzed during the research are synthesized below in a set of key findings.

The study first reflects on the role of design interventions in redefining the employee
experience and in guiding transformation processes inside organizations: co-designing
employee experience models orient and support people to reflect on novel working habits.
Avoiding the tendency to reintroduce old working routines, such as the one adopted before
the pandemic, is the main challenge for employees. Prototyping and testing employee
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experience models represent an effective way to train individuals and raise awareness of the
new working routines available to them but they have limited impact when it comes to
changing employees’ habits. In this sense, the experimentation's initial purpose of changing
the employee working routines redirects the focus on activating an awareness-raising
process in individuals. Even if, from a theoretical point of view, prototyping can both be
implemented with the purpose of designing for and designing with people (Sanders &
Stappers, 2014), the findings highlight the effectiveness of co-designing and prototyping
employee experience models with the final beneficiaries of the experience. Therefore,
making employees experiment with experience models enhance knowledge workers'
engagement in these critical times. Thus, the employee experience models were designed
and prototyped as a service to trigger critical thinking among the organization's people rather
than a catalog of designed workspace.

Therefore, the research project aims to collaboratively engage the employees in the design
process by proposing them a set of options through an experience model. In this way, each
participant can navigate them according to their personal needs and personally experiment
with novel working conditions. This design choice effectively gives the employees the
freedom to explore and test different solutions while allowing them to maintain their current
working habits. The design of experience "way out" in the prototyped models increasingly
helps in making the employees perceive this opportunity.

The crucial contribution of this study is its effort in experimenting with accurately prototyping
and then testing the employee experience in an authentic setting. These experiential
prototypes can play a key role if implemented by organizations facing complex and systemic
changes regarding new working life. Iteratively co-designing, testing, and evaluating
employee experience models through prototypes can guide companies in gradually
redefining the working logics and adopting new routines. Additionally, the analysis of these
findings also highlights how service prototype supports the design research process and the
catalytic role that prototyping may have in activating organizational transformation process.

In practice, the developed employee experience prototypes are a combination of different
design elements: first, a set of tangible touchpoints — communication and guiding touchpoints
-, spatial configurations adapted to the existing physical space — including specific layouts,
furniture and technological tools to empower the hybrid interactions -, and then, a series of
experience conditions. This combination could serve as an extension of the widely accepted
definition of service and experience prototype, which defines it as "the physical environment,
the service employees, the service delivery process, fellow customers and back office
support" (Zomerdijk & Voss, 2010).

Finally, the study results highlight a set of implications for practitioners. The workplace must
deliver value to employees, becoming a place of contamination. Furthermore, the hybrid
context influences employees' interpersonal relationships, making them less linear and
defined. This change in interpersonal relationships must be considered during the design of
employee experience models. Another design implication that emerged concerns experience
transitions — changing working needs and settings. When defining hybrid employee
experience models, it is critical to consider transitions not only from an individual cognitive
point of view but also adopting a systemic approach: practitioners should design experiential
conditions that allow a smooth cognitive, physical, and temporal transition.
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Finally, it is worth acknowledging the limitations of this study. First, the replicability of the
employee experience models proposed should be further verified, understanding how the
different organizational context impacts its outcomes. Second, there should be greater
understanding of the impact that the time constraints had on the PAR phases of the study: in
the project's scope, it is challenging to conduct repetitive verifications and make explorative
discoveries capable of grasping potential tangible changes in working routines. Lastly, the
subjectivity in the interpretation process is an explicit limitation of this study. That said, the
interpretative paradigm is the foundation of the design-based research philosophy.

Despite these limitations, the study puts forward an experimental approach to employee
experience design: applying and testing experience and service prototyping practices to face
actual challenges in the knowledge workers' realm.
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A Preliminary Investigation into
Prototyping for Low Techs

Marianna Joy Coulentianos, School of Design and Creative Arts,
Loughborough University

Abstract

“Low techs” are technologies aimed at creating deep sustainability, collective resilience, and cultural
transformation by adhering to three core requirements: useful, accessible, and durable. Despite the
significant effort invested in designing technically feasible low-tech solutions, relatively little research has
been conducted on the viability and desirability of these technologies. Current prototyping methodologies
support design processes beyond technical feasibility and can be leveraged throughout a design process to
support design for viability and desirability.

This paper examines the potential role of prototypes in the development of low techs, drawing upon the
existing work of the Low-Tech Lab in conducting and documenting experiments with these technologies.
Opportunities for further use of prototyping as a tool to design and develop low techs are identified, and
reflections are shared on how low-tech principles might create new avenues for the roles of prototypes.

Low tech; prototyping; sustainability; new prototyping methods

“‘Low techs” are a set of technologies aiming to create deep sustainability, collective
resilience, and cultural transformation, popularised by Bihoux (2014). Low techs achieve
three goals: to be useful (e.g., fulfill people’s essential needs), to be accessible (e.g.,
contextually appropriate, locally made with local materials, adapted to local conditions,
financially accessible, understandable), and to be durable (e.g., long service life, repairable,
reduce negative environmental, social, and societal impacts) (Low-tech Lab, 2022a).

Low techs can help overcome barriers to transitioning towards just and sustainable futures
by empowering people and organisations to take ownership of their transition pathways. Low
techs can help reduce the cost of living by relying on community ownership; repair networks;
and resilient technology catering to basic needs, including housing, heating, food, and
energy. For example, low techs are timely with regard to the energy crisis in the UK as many
low-tech solutions reduce energy demand, such as passive solar systems, biodigesters,
composting systems, and rocket stoves. Such examples of low tech include new
technologies and updated historical technologies, and their design and development rely
heavily on prototyping and testing. Therefore, understanding how prototyping methods and
approaches can enhance the low-tech design process is valuable.

Prototyping is considered a critical activity in new product development (Wall MB et al.,
1992). The use of prototypes during a design process has been shown to produce a “greater
number of functional ideas that solve the design problem” (Viswanathan et al., 2014).
Prototypes are often used throughout a design process to help designers develop
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requirements, generate concept solutions, communicate ideas to stakeholders, and verify
design objectives (Atman and Bursic, 1998; Driessen and Hillebrand, 2013). In the scope of
this paper and following the EKSIG 2023 definition of prototypes, we adopted a broad
definition of prototypes as “any representation of a design idea regardless of the medium”
(Houde and Hill, 1997).

Prototyping methods and processes have been developed to be specific and specialised
based on the design discipline (e.g., service prototypes (Blomkvist, 2018)) and the context
(e.g., prototyping methods used in cross-cultural design (Coulentianos, 2020)). New contexts
of use lead to the creation of new shared language and reflection on prototyping practice.
Hence, one might reflect on how low techs, which aim to shift the paradigm of how
technology can exist alongside a sustainable and just society, might also shift some
prototyping paradigms. This paper describes a preliminary investigation and reflections on
how prototyping methods can support the successful development and implementation of low
techs and how low techs might provide new avenues for the roles of prototypes.

Contextualising Low Techs

The Low-Tech Lab (LTL), a French organisation founded in 2014 that experiments with low
techs, define low techs as being inclusive of objects, systems, techniques, services, know-
how, practices, ways of life, and schools of thought (Low-tech Lab, 2022). Despite a clear
predominance of objects in the low-tech literature, such an inclusive definition discourages
an overreliance on technology in the transition to just and sustainable futures. In alignment
with this definition, low techs can be, in many cases, product-service systems that aim to
change how we use objects and technology, as well as other social institutions, employment,
economies, and the commons.

Low techs can be a building block of post-growth futures where humans live within ecological
limits. While acknowledging the diversity of degrowth movements, many of them invite a
more critical approach when considering the adoption of new technologies (La décroissance
et ses déclinaisons, 2022), which takes into account the rebound effect — the effect by which
any efficiency increase related to resource exploitation is followed by an increase in the
resource utilisation, thereby negating any environmental gains (Meng and Li, 2022; Jevons,
1865). The rebound effect has been consistently observed since the 1860s.

The definition of low techs varies slightly across the literature; some definitions are more
prescriptive about what techniques and technology is low tech. According to the Fabrique
Ecologique, low techs are technologies that are: simple, require the least possible
dependence on non-renewable resources, and are accessible to people in terms of cost,
maintainability, and repairability (La fabrique écologique, 2019). The founder of the LTL, C.
Chatelperron, disagrees with the view that low tech means without transformed materials or
modern technologies (Aimé, 2023). The LTL’s approach does not oppose “high tech” but
instead invites reflection around the sustainability, accessibility, and repairability of the
artefacts we create.

The low-tech principles intersect with other design philosophies, such as the maker space
movement, crowd-sourcing, jugaad, and design for development. However, the low-tech
principles differentiate themselves in that the primary goal is to help society transition to
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modest, sustainable futures.

Some criticism of the do-it-yourself movement applies to the low-tech movement, which has
tended to focus on projects implemented at the individual or nuclear family level. The idea
that one should do everything themself can be counterproductive to creating resilient
communities where people develop competencies in specific domains (Vidal, 2017). Is a
world without boulangeries (French bakeries) where everyone makes their own bread with
their solar ovens desirable? To that end, the LTL has been working towards and reporting on
the professionalisation of low techs: where organisations, non-profits, and companies can
commercialise low techs and provide support in their adoption and diffusion (Low-tech Lab,
2023.b; Low-tech Lab, 2023.c; Low-tech Lab, 2023.d).

Methods

Research question

The present study represents an initial effort to address the research question: How are
prototyping methods and processes currently utilised within the low-tech movement?

While the primary focus of this paper is on the research question above, the authors also use
the findings to provide preliminary reflections on the potential for further leveraging of
prototyping methods and processes in designing low techs and the potential impact of low-
tech principles on the roles of prototyping.

Introducing the Low-Tech Lab

The body of work of the LTL was identified as an appropriate body of work to gain insight into
the research question. The LTL is a French non-profit organisation started in 2014 and has
been experimenting with and documenting the growing low tech movement (Low-tech Lab,
2023.e). As an example of the LTL’s work, the Nomade des Mers (translation: Nomade of the
Sea) project is one of the most notable endeavours. This project involved a crew of several
people embarking on a six-year journey aboard a sailboat to meet various actors within the
low-tech movement, including those who develop and commercialise low-tech solutions
worldwide, and then constructing replicate models for use and study on the sailboat. Another
notable project, the Enquetes du Low-Tech Lab (translation: Investigations by the Low-Tech
Lab), involved conducting investigations and providing reports on the implementation of low-
tech solutions in various contexts. A compost-toilet service in an urban environment in
France was studied as one of the investigations.

The mission of the LTL is “to make you want to live better with less, thanks to the low-tech
spirit!” (Low-tech Lab, 2022.f) To achieve this mission, the LTL conducts a series of
explorations (i.e., learning from other actors in the low-tech space); experimentations (i.e.,
testing things themselves); as well as the management of collaborative tools (e.g., low tech
wiki) and community programs. Documentation of the above is at the core of what the LTL
does, thereby creating a rich source of information on how low techs are documented,
tested, and improved (Chatelperron and Fasciaux N, 2018). The LTL has positioned itself as
a synthesiser and diffusion group of all things related to low techs. This position can be
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understood through their dedication to documenting and publishing their exploratory and
experiential work on low techs. Therefore, such documentation was deemed an appropriate
place to start investigating the role of prototypes in the low-tech movement.

Document analysis

Table 1 provides a summary of the data collected for the preliminary analysis and the
rationale for the selection of these documents. As the LTL is a French organisation, a
significant portion of the documentation produced by the organisation is in the French
language. The author, a native French speaker, analysed documents in English when
available and in French when necessary. In the findings section, specific excerpts have been
translated by the author and are identified as such.

Table 1: Documents selected from lowtechlab.org for preliminary analysis (22)

Data Rational for selection Description of the data Associate Languag
LTL project | e
LTL website — all Provides verbatims of the words | Excluded the mention Across all French
mentions of ‘prototype’ and ‘prototyping’ in | “R&D — Prototype”, 30 projects
“prototyp” ( Low- use mentions identified.
tech Lab, 2023.g)
Nomade des Mers | Narrates in video format the 15 episodes of around Nomade French
television series prototyping and testing 25min each des Mers
(ARTE, 2023) processes carried out during the
project
Habitat Low-Tech Reports the results of a 1-year 103-page report Habitat French
report ( Lévéque pilot test use a low-tech tiny Low-Tech

And Chabot, 2020)

house ‘prototype’

Prototyping frameworks

Table 2 presents the prototyping definitions, frameworks, and classifications utilised to
decipher the various prototyping practices documented in the LTL documents. These
definitions and frameworks were compiled from a review of prototyping literature conducted
by the author in 2020 (Coulentianos, 2020). While the review is not intended to be

exhaustive, it provides a comprehensive overview of the major themes within the literature on

prototyping methodology.

Table 2: Prototyping definitions, frameworks, and classifications. For ease of reporting, the topics identified in the LTL
documents are highlighted in grey in the table and are italicized in the results.

Category

\ Topics

Reference

Prototype definitions

Oxford Dictionary of English (2010)

Lauff et. al., (2017)

Otto and Wood, (2000)

Ulrich and Eppinger, (2011)

Menold, (2017)

Houde and Hill, (1997)
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Prototyping

Prototyping strategies

Rodriguez-Calero et. al., (2020)

Usability testing

Lewis, (2006)

Roles of prototypes

Lauff et. al., (2017)

UX prototyping

Coleman and Goodwing, (2017)

classifications

frameworks Service prototyping Blomkvist, (2014)
Discursive design Tharp and Tharp, (2022)
Prototyping for X Menold, (2017)
DIY & prototyping Camburn et. al., (2015)
Prototype types Coulentianos et. al., (2023)
Pretotyping Savoia, (2019)
Prototrials Jensen et. al., (2017)
Probes Sanders and Stappers, (2014)
Prototype

Rapid prototyping

Sass et. al., (2006)

Looks-, behaves-, works-
like

Buchenau and Suri, (2000)

Proof-of- prototypes

Ullman, (2003)

High/low fidelity

Lim et. al., (2006)

Other Fixation Viswanathan et. al., (2014)
totypi

proto .yplng Novice vs experts Deininger et. al., (2017)

behaviours

Reporting of results

The present study serves as an initial investigation into the use of prototypes within the
context of low techs. Based on a preliminary analysis of a subset of relevant documentation,
this research aims to extract examples demonstrating how various prototyping methods are
discussed in developing low-tech technologies. The following section, “Findings and
Discussion,” presents extracts from the LTL documentation and relates them to the
definitions, frameworks, and classifications of prototyping identified in the methods section.
The utilisation of various prototyping methods is evaluated, and suggestions for potential
improvements in their application are offered.

Findings and discussion

Prototyping of low techs fits with conventional definitions of prototyping

What does the LTL call ‘prototype’?

The Oxford Dictionary proposes the following definition of a prototype: “A first, typical or
preliminary model of something, especially a machine, from which other forms are
developed or copied.” (Stevenson, 2018) The idea that a prototype is a ‘first of
something’ can be found in the way the word ‘prototype’ is used on the LTL website, as
seen below.

266



“We made a first prototype of a manual compost grinder to save space and facilitate the
digestion of the larvae.” [translated] Project Nomade des Mers

Lauff et al., 2017, describe a prototype as a physical embodiment of critical elements of
the design and an iterative tool to enhance and inform decision-making throughout a
design process (Lauff et al., 2018). The LTL website has several mentions of iteration
jointly with the word “prototype”, as seen below with the mention of ‘improvements’ and
of a ‘second’ prototype created.

“As you can imagine, the first prototype was very rickety... But it helped us see the enormous
potential of these pedal machines! From improvements to improvements, we perfected our
grain mill, and a multitude of other machines followed.” [translated] Mario Juarez, Maya

Pedal association

“The improvement of prototypes of low-techs, particularly around solar lamps.” [translated]
Low-Tech Lab Yaoundé

“a second boat prototype made 100% from composite reinforced with natural jute fibres, the
famous Gold of Bengal” Project Gold of Bengal

Otto and Wood define a prototype as “a physical instantiation of a product, meant to be
used to help resolve one or more issues during product development” (28). The idea that
prototypes are meant to be tested is present throughout the LTL website, as
experimentation with low techs is at the core of what the organisation does.

“We made a first prototype of a reflector oven with an adhesive mirror. Our first cooking tests
were a success.” [translated] Project Nomade des Mers

Ulrich and Eppinger define a prototype as “an approximation of the product along one or more
dimensions of interest” (Ulrich KT, Eppinger, 2011). These dimensions of interest include the
‘physical to analytical” spectrum and “comprehensive to focused” spectrum. The LTL website

has several mentions of prototypes as ‘comprehensive physical’ approximations of the

‘product’, describing fully functioning systems that are then ‘piloted’ over several months, as

seen in the examples below.

“A prototype of [a biosphere for low impact living] that meets vital human needs” [translated]
Project Biosphere 1

“The Habitat Low-Tech project, a prototype of an autonomous low-tech house (...) [in which
two members of the LTL will] act as a resident guinea-pig for one year and measure the
economic, ecological and ergonomic impact of low-tech in a Western context.” [translated]
Project ‘Low-Tech Housing’

“Building a vehicle prototype (a true low-tech concept car!) and creating a large expedition on
board [the prototype]” [translated] Project Agami

Preliminary findings show that some prototyping efforts go beyond prototyping objects
and extend into the services realm, as described in the example below of a ‘public’
service prototyped in Benin.

“Building of public dry toilets for a community of 2000 people. The project is based in Benin
(west Africa) and is a prototype to be duplicated in other cities in Benin” [translated]
Association pour le Developpement de la Commune de Savalou
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Hence, prototyping tools and methods from service design and the growing work on product-
service systems could be valuable to the design of low techs. As seen in all the examples in
this sub-section, prototypes of low techs are discussed on the LTL website in ways that fit

conventional definitions of prototyping.

A deep dive into an example prototyping process aboard the Nomade de Mers

To better understand what processes may look like when prototyping low techs, an in-depth
example of a prototyping process is presented below from the Nomade des Mers television
series, aired on Arte in 2018. Each series episode followed the crew in a new coastal city
while they discovered, built, and tested a new low tech (ARTE, 2023). The episodes were
generally very focused on the technical aspects of construction and testing of the low techs.
In Table 3, we synthesise several prototypes presented in episode 2 (working with Medhi
Berrada, Founder of Alto-Solutions, Morocco), during which the crew tested low tech
desalination systems. The prototyping process presented in the episode is summarized

below.

Table 3: Synthesis of prototyping activities presented in Nomade des Mers, les escales de l'innovation - Episode 2

Illustration

Step description

00:07:05

Step 1. A “first prototype” of a desalinator
tested the functionality of the design. It
enabled the diagnosis that too much air
between the water and condensation surfaces
hinders the device’s efficiency. The learnings
prompted a new design idea.

Step 2. Three prototypes to assess the new
idea before finalising the design: a
reproduction of a widely disseminated model
(schematics found online); the implementation
of the new design idea; a proposed further
improvement on the new design idea. All
three prototypes were built with readily
available and repurposed materials (e.g., foam
fish basins, aluminium foil, PVC pipes). They
were even built with low-tech production
methods such as the pedal-powered drill. The
prototypes showed that the new design idea
significantly increased the desalinator's
performance.
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Step 3. A cardboard prototype is made to
engage the final system’s manufacturer: this
prototype is not explicitly named as such. The
crew explained the basic design using the
cardboard prototype and mentioned they
wanted it bigger and made of clay. The
manufacturer explained that the dimensions
requested were impossible to make. He
proposed a different way of manufacturing the
system with a rounded design for more
robustness (made from a single piece of clay
rather than several pieces assembled, creating
weak points at the joints).

00:16:29

Step 4. The results from the final prototype
made with clay pieces were disappointing as
the yield was lower than anticipated. The
decision to use clay as a material is
questioned.

Reflections on the prototyping process: A
crew member mentions that it being their first
stop, their prototyping and testing skills need
to be better developed and that they hope to
improve. The final prototype will travel on the
boat, and the crew hope to keep iterating on
its design as they spend more time using it.

In the description of the prototyping process above, the author identified iterative low-
fidelity functional prototypes made from free-form and constrained repurposed materials.
Each prototype had its primary function tested against efficiency criteria: how much water it
can desalinate. The strategies of creating and testing multiple prototypes concurrently, all at
the same level of refinement, were leveraged and enabled the selection of the most efficient
system. When engaging the manufacturer of the final refined prototype, the crew brought a
non-functional cardboard mock-up of the design to be handmade out of clay. The prototype
is used as a basis for a conversation, creating a shared understanding between
stakeholders. An integrated functional prototype with parts manufactured by a specialist was
then created and tested.

The prototypes described in Table 3, Step 2 were fabricated using repurposed materials,
which are commonly utilised in constructing low-tech devices as outlined in the literature on
LTL tutorials. As a result, the distinction between a prototype and a final product becomes
ambiguous, particularly in instances where mass production of the latter is not intended. The
examination of prototyping approaches within the realm of Do-It-Yourself (DIY) has led to the
identification of specific prototyping principles within this space, where the design and
fabrication of a commercial artefact is not always the primary objective (e.g., the modification
of existing products) (Camburn et al., 2015). It is possible to establish a parallel between the
concepts of “DIY” and “low tech” and to postulate that novel prototyping methods and
perspectives may be discovered within the realm of low tech.

Additionally, the methods and tools employed for creating the prototypes depicted in Table 3
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align with low-tech principles, such as the pedal-powered drill and handmade clay parts. This
example brings forth the concept of “low-tech prototyping,” a term commonly used to denote
prototyping methods, such as paper prototyping, that do not involve high-tech tools or rapid
manufacturing methods. Furthermore, it raises the question of whether prototyping in the
context of low-tech systems excludes the possibility of creating complex prototypes with
sensors, processors, and connected devices, as described in the EKSIG2023 introduction.
This question is particularly relevant given that several criteria of low-tech systems, as
outlined in reference (Martin and Gaultier), pertain to questioning dominant technical and
social practices and tend towards increasing autonomy and emancipation by decreasing
reliance on automation. In this context, the Habitat Low Tech project report includes
reflections on how photovoltaic solar panels may not be considered low-tech. Therefore, it is
paramount to consider the potential role, if any, of “high-tech” prototyping within the
development of low-technology systems.

Lastly, the case of the cardboard mock-up stands out. The mock-up is not described as a
prototype in the episode, despite its central role in creating a shared understanding between
the manufacturer and the designers. While applying prototyping methods and processes to
develop functional prototypes is at the core of the LTL documentation, we have here an
example of a non-functional prototype used to communicate between a project’s
stakeholders. The implementation of non-functional prototypes can also provide a multitude
of benefits (35). In the following section, we shall delve deeper into the methodologies for
prototyping low-techs that do not solely focus on functional feasibility.

Prototyping low techs beyond object functionality

Demonstration prototypes

Meyer, 2020, observes that the LTL puts much effort into demonstrating low techs,
showcasing moments in the Nomade des Mers television series where the crew is
enthusiastic about showing ‘what is possible’ (Meyer, 2022). The below quote further
illustrates how many of the prototypes created are purposefully destined to be demonstration
prototypes, per the mission of the LTL.

“A future vehicle prototype, demonstrating a possible rethinking of usage patterns and
processes” [translated] Project Agami

The Low-Tech Lab festival held in the summer of 2022 in Concarneau (Low-tech Lab.h,
2023) aimed to hold a space where low techs were showcased, demonstrated, and
discussed. The festival included exhibitions, visits to the Habitat Low-Tech tiny house and
Nomade des Mers laboratory boat and all their embarked low techs, other associations were
invited to demonstrate their low techs, and conferences discussed the relevance of low techs
in various contexts. Many low techs ‘prototyped’ and tested over the years were showcased,
becoming demonstration prototypes. In addition, the whole festival relied on low techs to
function (e.g., from compost toilets to solar systems to generate electricity to low-tech stoves
used to cook food to feed the volunteers throughout the week). The festival itself
demonstrated how low techs could be used successfully.

According to work by Martin and Colin, 2021, who mapped eight main principles of low techs,
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psychological transformation is one of the significant aims of low techs (Martin and Colin,
2021). Low techs help create new imagined possibilities for what the world could look like,
and prototypes can help. Projects such as Biosphere 1 and 2, Nomade des Mers, Habitat
Low-Tech, and the Low-Tech festival are future-facing projects meant to be ephemeral while
defying the status quo and bringing people together around new possible futures: the festival
drew 15,000 people to Concarneau, France, over one week.

Usability testing, ergonomics, and emotional evaluation

Little consideration for usability and ergonomics emerged in the “Habitat Low-Tech” project
documentation. The report published on the project explains that the year-long pilot
experiment, during which two members of the LTL were to live in the tiny house using around
20 low techs in their everyday life, had the goal of going beyond a purely technical study of
the low techs to include an evaluation of their “quality of life” (Lévéque and Chabot, 2020).
The report, therefore, discusses usability aspects such as comfort and ergonomics. While
these evaluations are not generalisable (as stated in the report), they show a first concern for
the desirability of low techs, which is investigated using prototypes in a pilot experiment
format.

Beyond usability and ergonomics, the authors of the Habitat Low-Tech report also report
their emotional experience throughout the experiment. They discuss feelings such as
satisfaction of understanding and having control over their electricity supply, the gamified
experience of handling a limited energy stock p.48, “a funny feeling of mental relief”
[translated] p.91, and feelings of safety p.92 and calm p.94. The report’s authors end with a
positive note about the joys of participating in the experiment. Hence, some value was
placed on user experience testing with prototypes.

Prototyping tutorials, fabrication, maintenance, and repair

Low techs are defined by the fact that they are technologies people can appropriate by
directly fabricating and repairing them themselves. Therefore, low techs rely on tutorials,
workshops, and other forms of information exchange to make the technology accessible in
manufacturing, maintenance, and repair. The LTL has developed rich networking and
diffusion tools, which include the wiki, which gathers over 200 tutorials and the directory of
low-tech actors. On the LTL website, one can answer the question: What low techs are near
me? Beyond managing the wiki, the LTL has also published the “Tuto des tutos”, a tutorial on
how to make a tutorial.

In the current analysis, a need for established prototyping methodologies specifically tailored
to the areas of tutorials, fabrication, maintenance, and repair was identified. Additionally, the
author’s experience suggests that, despite the potential benefits, the application of
prototyping strategies is seldom extended to the early identification and mitigation of
implementation factor hurdles such as shipping, shelving, instruction manuals, maintenance,
and repair. The potential advantages of utilising prototyping approaches in the creation of
tutorials, the testing and iteration of materials and fabrication processes in various contexts,
and the design for maintainability and repairability, particularly given the importance of these
characteristics in low-tech products, warrant further investigation. Furthermore, the
stakeholders involved in low-tech products may differ from those typically involved in
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prototyping processes (Coulentianos, 2022). As such, the question arises as to whether new
prototyping methodologies are needed to achieve these design goals and how the DIY and
maker movements and the field of design for customisation can inform the prototyping of low-
tech products.

It has been identified that one of the key principles of low-tech design is the interrogation of
design methods and practices (Martin and Gaultier). One of the ways in which low-tech
design challenges traditional design practices is by prioritising accessibility in fabrication,
maintainability, and repairability, which raises the question of how design principles may shift
when these requirements are placed at the forefront. In the context of prototyping, it is worth
considering the potential implications of this shift. For example, a new form of prototyping for
low techs could be imagined, one that is the inverse of “Wizard of Oz” prototyping, where the
goal is to reveal the inner workings of a product entirely rather than conceal them.
Consequently, the exploration of prototyping techniques tailored explicitly to low techs has
the potential to bring about a paradigm shift in the methods and processes of prototyping.

Lastly, another deviation from traditional prototyping approaches that may arise in the
context of prototyping low techs is the rejection of seamlessness. While conventional
prototyping methods aim to identify and rectify user errors in order to create a seamless final
design, following the low-tech principle of psychological transformation (Martin and Gaultier)
may instead lead to the creation of prototypes that incorporate discursive design principles,
highlighting the often hidden, complex, and environmentally taxing moments of everyday life,
such as turning a car on. Could one of the dimensions of prototyping low techs follow in the
footsteps of the bicycle connected to a toaster to make tangible the amount of human power
needed to make toast (Olympic Cyclist Vs. Toaster, 2015)?

Conclusion

This study identified various prototyping approaches implemented in the context of design
and development of low techs, as reported in the LTL available online documentation.
Multimedia files documenting several projects undertaken by the LTL were used in the
analysis. Suggestions for potential improvements in using prototyping approaches in the
design of low techs were discussed following each finding.

Several conventional definitions of prototyping aligned with how the word “prototype” was
used on the LTL website. Some prototyping efforts also seem to go beyond prototyping
objects and extend into services. Hence our findings suggest that prototyping tools and
methods from service design and the growing work on product-service systems could be
valuable to the design of low techs.

Several examples of prototyping strategies were identified, providing evidence that
methodological approaches aligned with prototyping literature are used for prototyping low
techs, even when those were not explicitly named as prototypes or prototyping methods. A
parallel was drawn between low techs and the DIY movement, where the distinction between
prototype and final artefact faded. The parallel carries further, and we might postulate that
novel prototyping methods and perspectives may be discovered within the field of low techs.
The methods for making prototypes were also observed as being in themselves low-tech,
thereby questioning the potential role, if any, of “high-tech” prototyping within the
development of low-technology systems.
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Looking beyond functional prototyping, the following areas of prototyping were identified as
areas where prototyping could further benefit the design of low techs and where it is possibly
underutilised: demonstration prototypes to invite new imaginaries and psychological
transformation; usability, ergonomics, and user experience testing; prototyping for
development of tutorials, fabrications processes, maintenance and repair processes.

Parallel to identifying opportunities for prototyping to further contribute to the low-tech
movement, opportunities for the low-tech movement to lead to the creation of new
prototyping methods and processes was also proposed. The shift away from conventional
prototyping could be led by the principle of honesty, where low techs reveal the inner
workings of artefacts to stakeholders, and on the objective of low techs to interrupt seamless
activities of everyday life to reveal their ecological impact.

These results contribute to the developing body of literature that recognises low techs’
unique requirements and design constraints.

What role for designers in the low-tech movement?

Much of the documentation focuses on the technical feasibility of low techs, with little
consideration of the viability and desirability factor of such technologies other than the
demonstration and usability prototypes presented in the results. A comparison may be drawn
with bodies of work, such as the clean cooking initiatives, that have been building new and
improved cookstoves for decades. Much time and effort were devoted to making stoves that
achieved the technical goals of being more efficient and producing less smoke. However,
very few stoves were adopted and managed to displace traditional biomass cooking (Georg
and Jones, 2016; Malakar et al, 2018). Criticism of how the work was undertaken includes a
lack of human-centred design and a lack of ‘designing with’ (rather than designing for). The
design discipline has been recognised as adding key methods, values, and know-how to
designing inclusive technology that focuses on people’s needs (Diagnestya and Yap, 2020).

The approach of the LTL could be driven by the fact that many of the founding members are
engineers and by the pervasive perception that functionality comes first, before
considerations of viability and desirability, despite the latter considerations being essential
considerations in adoption pathways and can benefit the creative solving problem process.
Designers, therefore, have a lot to contribute to the low-tech movement.

A co-founder of the LTL recognised the need to improve prototypes of low techs in terms of
ergonomics and aesthetics (Nahmias, 2019). The work by Martin and Colin, 2021,
documents dozens of usability requirements for low techs (e.g., compatibility with existing
systems, access to information) based on survey responses (Martin and Colin, 2021) and
gives designers an indication of where their human-centred skills could be leveraged.

Limitations and future work

A limited part of the available documentation was analysed for this paper by a single
researcher. Therefore, no conclusions can yet be drawn about the presence or absence of
certain prototype types in the body of published work of the LTL. The author intends further
to analyse the work with a second qualitative coder to establish a robust deductive codebook
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based on prototyping frameworks and establish inter-rater reliability when reporting further
results.

Other reasons some prototype types may not appear in the LTL documentation could be that
prototyping activities are not reported in the documentation because they are not seen as
valuable to report; the prototype methods are not in use because they are irrelevant. To
remediate these limitations, future work could include interviews with people directly involved
in the documented projects, their inclusion in the analysis process, and observations of
ongoing low-tech projects. Furthermore, more diverse documentation on low-tech
experimentation could be gathered for analysis beyond the body of work of the LTL.

Based on this preliminary analysis, a further selection of documents that seem most
promising in reporting aspects related to prototyping to analyse will be carried out, and
additional types of data gathering will be planned. Specifically, the authors hope to gather
data throughout the LTL project accompanying 20 organisations in their sustainable
transition efforts by transitioning to and implementing low techs in their core business and
operations (Low-tech Lab.d).
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Abstract

This paper presents research from an ongoing PhD project on microbial colouring applied to textile design
practice and education. In this paper, we study how bacterial colouring can be implemented as an
extracurricular activity in a design school setting. By conducting a series of three workshop prototypes
combining theory and hands-on experience, we explore how bacteria grow, how a special type of pigment-
producing bacteria can be applied to textiles, and how to work with aseptic techniques and handle
biological waste. As we were interested in how the students experienced the workshops, we gathered
insights during the individual workshops and asked them to fill out an evaluation form.

To understand how theoretical and practical skills have influenced each other in the workshops, we
propose a model. The model is used to understand and expand on how workshops can be used to provide
and generate knowledge by combining theory and practice from both bacterial dyeing and textile design.
We find that the model can be adapted for further workshop activities combining other design disciplines
with an overlapping or adjacent discipline like in this study, where it has been biology.

Keywords: Bacterial colouring; Design education; Experiential knowledge

As a response to the environmental impact of the industrial revolution an alternative
perspective on production through biofabrication (producing materials from the growth of
living organisms or cells) is emerging within the design research field (Myers, 2012).
Designers are using biofabrication to be involved in not only selecting a material but also
producing a material and Camere and Karana describe this material design practice as
growing design (Camere & Karana, 2017).

In addition to design practice, European design schools are beginning to explore and
incorporate biodesign as a part of their research and educational focus. In the United
Kingdom, the Master’s program in Biodesign was launched in 2019 (Central Saint Martins
Launches Masters Course in Biodesign, 2019). In Finland, the ChemArts Summer School
combines material science and design (Kaariainen et al., 2017; Kaariainen & Niinimaki,
2019; Kaarianen et al., 2020). In Belgium, the LABORATORIUM at the School of Art Ghent is
a place for design students to explore the intersection of design and biotechnology
(LABORATORIUM, n.d.). In December 2022, the Technical University of Delft opened a
biodesign laboratory in conjunction with courses in biodesign (Opening van het
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hypermoderne Biodesign Lab van de TU Delft, n.d.). In between design educations and the
FabLab maker-movement Fabricademy emerged and provides designers with practical
courses on textile, digital fabrication and biology (Fabricademy Network Worldwide, n.d.). In
addition to the practical development’s, studies into the taxonomy (Camere & Karana, 2018;
Collet, 2020; Erturkan et al., 2022) and knowledge on the biomaterials produced by living
organisms (Rognoli et al., 2022) have emerged in cohesion with the practical elements.

In this paper we present a study, which has been conducted as part of a PhD project
investigating how microbial colours can be applied to textile design practice and education.
The research in this paper contributes to the field of biodesign education, by exploring how
bacterial colouring can be implemented in design education as an extracurricular activity for
students to develop useful skills for biodesign and textile design practice by participating in a
series of hands-on bacterial colouring workshops in a design school setting. In the paper, we
first introduce our understanding of and use of prototypes in the given research, we then
argue for the reasons to develop the structure and content of a series of three workshops
followed by a description of the workshops and finally we conclude with our findings and how
these can be used for future research.

Prototyping in the context of the workshop

In this paper we discuss prototyping as having a multitude of meanings and modes, from the
concrete bacterial pigments and the workshops to the intangible interaction happening
among the students present in the workshops.

We align our understanding of prototyping as described by Sanders and Stappers (Sanders
& Stappers, 2014; Stappers, 2014). Here prototypes in design research are described to
carry out many roles; they evoke a focused discussion in a team; they allow testing of a
hypothesis; they confront theories; they confront the world making tangible suggestions and
they can change the world via intervening (Sanders & Stappers, 2012).

In figure 1, a visual representation of the different prototypes identified in this study is
presented. The representation has been inspired by Redstrém’s continuum between what a
design is (product) to what designing is (paradigm) (Redstrom 2017), translated here into a
continuum from a physical outcome (left) to the framing and design pedagogic and structural
considerations (right). Hence, we see the prototypes presented here in different ways as
carriers of concrete knowledge relevant for design research, which can be extracted and
shared with others.

Bacterial The dyeing The workshop Extracurricular
pigments process setting activity

A
W

Figure 1: The different modes of prototypes in this research.

Below we provide an overview on the different modes of protypes identified in the study
together with a question for each prototype to further expand on:

e The bacterial pigments: A concrete prototype of the tangible material applied in the
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workshops. How to learn about bacterial pigments in a design school setting?

o The dyeing process: A process prototype covering the bacterial dyeing processes,
which is applied in the workshop. The first process prototype is the bacteria growing
and producing pigment in a closed container with textiles. The second process
prototype is the conventional textile dyeing process, where bacterial pigments
produced prior to the workshops are used. How to introduce different dyeing
processes with bacterial pigments for textile application?

e The workshop setting: A learning activity prototype proposing a frame for introducing
knowledge emphasising a practical hands-on approach to students. How to frame a
series of workshop activities that supports students’ learning a new topic?

e The extracurricular activity: An organisational activity prototype facilitating knowledge
exchange between (facilitators and) students beyond mandatory course work. How to
use extracurricular activities to advance investigating specific topics for both
researchers and students?

Method: Experiential approach to the workshops

The workshops are a part of a PhD project with an overall research through design approach
(Koskinen, 2011), and in this study, design practice and prototypes are used as research
means to gain insights. This allows the design researcher to actively engage in real-world
problems or “wicked-problems” by constructing and exploring complex scenarios (Forlizzi et
al., 2009).

Here, we are using a workshop setting involving participants and we find it relevant to briefly
touch upon the concept of experiential knowledge. As designers and design researchers, we
are actively engaging in the design activity; thus, we are using the dialogue and direct
interaction between the students and the facilitated reflection for the individual student as
means for us to extract knowledge (Niedderer & Reilly, 2011).

To document the interaction and experience, one of the authors was responsible for taking
photos throughout the workshops. We also had a notebook to write down reflections after
each conducted workshop. This included what we had observed during the workshops but
also what the students had verbally expressed. This type of knowledge extraction is building
on Schén’s understanding of reflection-on-action (Schén, 1991, 1992), where our
experiences are used as data for research findings (Makela & Nimkulrat, 2018). In addition, a
written evaluation form was developed beforehand to provide a framing for the feedback from
the students’ experiences.

Motivation for conducting the workshop series

We wanted to introduce the design students to bacterial colouring for several reasons. The
first reason was to develop the workshop to provide the design students with a hands-on
exploration of an environmentally friendly textile colouring process and learn about
alternative bio-colourants, inspired by material tinkering (Parisi et al., 2017).

The second reason was the importance of having a practical element to the workshop. Since
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designers are used to have hands-on knowledge combined with theoretical knowledge:
‘thinking and knowing are inseparable from making in any craft or designerly practices”
(Nimkulrat, 2012:2), we wanted to have an emphasis on mixing theory and experiential
knowledge, while maintaining a focus on the practical elements.

The third reason was to use the workshop setting to teach students about biodesign and
spark their curiosity about this growing research field. This provides them with introductory
knowledge of laboratory work from a natural science perspective but situated in a design
school. We believed that this would equip them with the foundational knowledge to explore
this field further throughout their design education.

The fourth, and last, reason for conducting the workshops was to generate empirical
knowledge for the PhD project conducted by one of the authors, to explore if or how bacterial
colouring could be implemented at the design school. Hence the workshop was created as
an extracurricular activity, intended for all interested design students at the school.

Creating the workshops

The series of workshops was created based on the pedagogical framing already present at
the Design School Kolding. The school, originating in arts and craft, is building on Schon’s
approach of making and reflecting (Schén, 1991). Part of the research conducted at the
school revolves around developing design skills, methods and tools (Bang, 2009b, 2009a;
Hartvigsen & Hasling, 2022; Hasling & Bang, 2015; Mgller et al., 2016; Raebild & Hasling,
2019; Riisberg et al., 2014), which students individually or together can combine and develop
further to match their individual interests, processes and design disciplines. Therefore, the
workshops were also seen as an opportunity to formalise and test a structure for future
learning activities within and beyond the curriculum.

The workshops were created as a series of three individual workshops that were building on
each other and conducted within three weeks. In figure 2, the overall frame for the
workshops is presented including the focus and content for every workshop. Each workshop
started with a presentation introducing the theory behind the practical explorations in the
individual workshop.

Workshop no. 3

1) Sterilise coloured textiles

2) Dye a chosen maitenial
Workshop no. 2 with bactenial pigments

3) Evaluation

1) Look at the grown

bacteria
Workshop no. 1 2} Waste management
3) Colour textiles with
1) Make agar plates bacteria
2) Use aseptic technique
3) Grow bacieria

Figure 2: An overview of the content explored in each of the three workshops.

Another practical aspect of dividing the workshops into three parts was to allow time for the
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bacteria to grow and produce colour, thereby attempting to provide the students a
transparent and full process from start to finish of bacterial colouring.

Conducting the workshops

The three workshops were conducted at the Design School Kolding and exclusively offered

to the school’s students. To attract students to join, all students were invited via email with a
poster describing the workshop series. Out of the 350 students, 60 wanted to sign up, which
indicates the relevance and interest in the given topic.

However, as the workshop space and resources were limited, we had to select a smaller
group of students to conduct the workshops with. Therefore, we chose 14 students in total—
seven textile design students, three fashion design students, three industrial design students,
and one communication design student—and divided them into two groups.

One group (Group 1) predominantly consisted of students from the same interdisciplinary
master's program and year, which, in parallel with the workshop, had a course on material
roles in design for sustainability that initially served as a framing and context for the
workshop series, while the other group was composed of a mixture of students from different
disciplines and years (Group 2).

Workshop no. 1

In the first workshop, the students were introduced to the basics of how to work with
microorganisms by showing them how to prepare a nutritious solution for creating agar plates
and letting them actively participate in the process.

A crucial step during this phase was to autoclave the solution in a pressure cooker to ensure
the absence of unwanted bacteria or microorganisms. This meant that the solution had to sit
inside the pressure cooker for approximately 30 min. During this time, we gave the students
a presentation about the theoretical part of the workshop in a separate classroom. The
presentation entailed introducing them to what bacteria are, how to cultivate them, how to
work with them in a sterile manner, and practical input regarding the next steps in the
workshops.

After the autoclave process was completed, the students were brought back into the lab, and
shown how to pour the liquid medium into petri dishes to create the finished agar plates. This
was done by showing them how to do it and ensuring that the most crucial steps were
pointed out. Afterwards, the students went up one by one to try out the process under the
supervision of the workshop leader. The agar plates must be poured when the solution is still
warm and must be set for a couple of hours to solidify. Therefore, the students proceeded to
work with premade agar plates in the next steps, see figure 3. They were asked to swab
different surfaces for bacteria at the school, transfer them onto agar plates, and label them
with their name, date, and the area they had swabbed. The workshop concluded by briefly
touching upon what the students could expect from the next workshop and explaining what
would happen to the agar plates that they had created.
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Figure 3: Workshop no. 1 — (from left to right) Students are preparing agar plates, they are writing on the agar plates and
using them swap surfaces to grow microorganisms from the local surroundings.

Workshop no. 2

The second workshop was initiated with an introduction and discussion of waste
management in a biolab setting. The students reviewed the results of their previous
experiments on swabbing different surfaces and instructed on how to grow bacteria on fabric
swatches. We started the workshop by showing the students the results of their previous
experiments and had a casual conversation about the results, as well as letting them discuss
their results amongst each other, see figure 4 (middle). Furthermore, the students were
shown how the agar plates that they had poured in the last workshop turned out and given
input on which ones turned out well and were usable and which ones were not, clarifying
which mistakes could be avoided in the future.

In the next step, students learned how to dispose of their waste properly when working with
living organisms. They were asked to place the previously discussed agar plates in an
autoclave bag and close them with tape. The bags were then placed in a pressure cooker
and sterilised for 30 min. In the meantime, the students received another theoretical lecture
as preparation for the practical part of the workshop as well as background information about
dyeing with bacteria. We also showed them fabric samples that were dyed with a bacterial
dye as examples of what the fabrics they would work with might look like. As the students
returned to the lab, they were shown that it was now safe to dispose of sterilised plates in the
residual waste bin.

We prepared several autoclaved bags with undyed textile swatches, each containing
different types of textiles such as wool, cotton, and polyester. Furthermore, we brought in
previously sterilised liquid growing medium and agar plates that carried streaks of two
different pigment-producing bacteria: one that produced a yellow pigment and one that
produced a blue/violet pigment. The students could choose one bag of swatches each and
choose which bacteria they wanted to use to dye their swatches, see figure 4 (right). It was
emphasized that not all bacteria would produce the pigment, as we were working with wild-
type bacteria, which cannot always be controlled to produce colour, although applying the
same process.
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Therefore, students would have to share their final results with each other so that everyone
could obtain a dyed sample. The students were then shown how to pour the medium into the
textile bags, streak the bacteria from the agar plate, and transfer it into the bags. As in the
previous workshop, the students came up individually and carried out the process under the
supervision of the workshop instructor. At the end of the workshop, we explained what the
students would expect from the next workshop and asked them to bring in material samples
that they would like to dye.

Figure 4: Workshop no. 2 — (from left to right) Students are looking at the microorganisms from the local surroundings,
they were introduced to cultivate pigment producing bacteria and prepared textiles with pigment producing bacteria in a
local sterile environment.

Workshop no. 3

In the final workshop, the students sterilised the fabric samples they had made in workshop
no. 2 and learned how to dye them with pre-sterilised bacterial pigment dye. At the start of
the workshop, the bacteria-dyed textiles made in Workshop no. 2 were shared, and the
students were encouraged to discuss them.

Prior to the workshop, we autoclaved the bags of dyed textile samples, so they were ready
for the students to open, wash and dry, see figure 5 (top row). While the samples were
drying, the students entered the presentation room for the theoretical part of the workshop. In
this lecture, they were introduced to different bacterial pigments, including their molecular
structures, to understand why the pigments bind to the fabric. Moreover, the students were
introduced to the practical part of the workshop: dyeing with sterilised bacterial pigments.

Back in the lab, we asked the students to find the materials they had brought with them. We
then asked them to place the samples in previously prepared jars, containing 40 ml of
bacterial pigments, and then filled the jars with water until the samples were fully submerged.
The students were then asked to place the jars with their samples in a large pot partially filled
with water. After all the jars were placed inside the pot, we explained that the pot would be
heated for at least 30 min, so that the hot steam would fix the pigment to the materials.
During the time needed to fixate the pigment, the students returned to the presentation room
and were asked to fill out an evaluation form for all three workshops.

Afterwards, the students took their samples out of the jars and placed them onto a grid,
where they could observe how the colour had been absorbed by the different types of
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materials, and discuss and compare them in the group, see figure 5 (bottom row). To
conclude the workshop series, the students shared their dyed samples from Workshop no. 2
and took home the samples from Workshop no. 3.

Figure 5: Workshop no. 3 — (top row) Students look at the textiles which have been coloured by the pigment producing
bacteria. (bottom row) Students use already prepared bacterial pigment to colour various materials.

Findings from the students

To further gather student’s insights from the workshop series, after the final workshop they
were asked to fill out an evaluation form. While the ongoing discussion and reflection focused
more on the individual workshops. We used the evaluation form get the students to reflect on
the workshops as a whole. We received twelve evaluation forms, since two of the students
were not able to participate in the last workshop.

In the following section we will describe the students’ feedback and insights using the
prototype hierarchy introduced in figure 1 to guide the insights.

Bacterial pigments

We had planned the workshops around the possibilities of the bacterial pigments. Hence it
was difficult to separate the bacterial pigments from the dyeing process. The students had
good reflections on the potential of the bacterial pigments.

One student was wondering whether it was possible to manipulate the patterns that the
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bacterial pigments created, while another student responded that it was difficult to work with
bacteria as a designer, because the outcome is so spontaneous.

The dyeing process

In the evaluation form, the students were asked to describe their thoughts on the designs
that came out of the bacterial dyeing process. The majority of students responded that they
liked the organic and unique designs given by this kind of dying process and that they liked
the imperfections and found the designs to be meaningful and inspiring. “I feel very inspired,
and | think it is still (a) quite unexplored technique for designers, so I'm glad | could try it.”

The workshop setting

As a part of the evaluation, we asked the students to grade the workshop from being boring
(grade 1) to being interesting (grade 5). Based on this, the average grade was 4.67, which
corresponds with the general impression that students found the workshops to be interesting.
In the evaluation form, the students were also asked to describe how they experienced the
workshops and here their responses were similarly positive. Many of the students responded
that they found the workshops interesting and insightful while others answered that they
learned something new and got inspired and that they liked working with a different medium.
They furthermore responded that they liked the hands-on approach and the combination of
theory and practice. One of the participants stated “it was really interesting to discover new
natural alternatives to chemical dyeing. Also, I really liked the fact that we were both provided
with theoretical courses and hands-on practices.”

Since we had structured the activity as a series of three consecutive workshops, we were
interested in better understanding, which workshop the students found most interesting and
relevant. Two students favoured Workshop 1, six students favoured Workshop 2, four
students favoured Workshop 3 and one student favoured all workshops equally or favoured
them as a whole.

While many students found Workshop no. 2 more relevant and interesting as they got to
work with bacterial dye and “see the magic happen’, many also stated that they liked the
combination of all three workshops. One student said “/ loved all workshops equally since all
of them had both theory and practice. Seeing the results is as exciting as doing the agar petri
dish.”

In the evaluation form, we also asked the students which parts of the workshops they found
to be difficult and which parts they found to be easy. The students overwhelmingly replied
that the workshops overall were easy to follow and very understandable. Many answered
that they did not find the workshops difficult at all, while several others replied that it was
challenging for them to work in a sterile way.

We also asked the students if they would like to change anything about the workshops. Most
of the students responded that they would have liked even further theoretical explanation
about bacterial dyeing and getting to know more about one of the author’s PhD project with
bacteria. Several students responded that they would have liked to create a bigger piece of
bacterial dyed fabric and to be able to design patterns and products, as well as wanting to
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receive more tips on how to get started with biodesign on their own. One student responded
that it would have been great to receive a leaflet with more detailed information about the
workshops.

Extracurricular activity

As we were also interested in understanding the potential of the workshop series as an
extracurricular activity with the same or similar topic, in the evaluation form, the students
were asked if they could imagine working with biodesign in the future and if they would be
interested in taking part in further biodesign workshops for example about mycelium or
kombucha. Except for one student, who was not interested in pursuing biodesign, all others
replied that they find it an interesting topic that they would like to incorporate in future
projects. One student stated: “/ believe that there is a lot to explore in the field and | see
great potential on this approach in specific.”

Findings from our experience as workshop facilitators

The following section will focus on our experiences as workshop facilitators using the
identified prototype hierarchy to guide the insights.

Bacterial pigments

During the workshops, we saw that the students were good at reflecting on how they could
apply bacterial colouring and living materials to their own design discipline. This sparked
interesting conversations during the workshops on how the students could proceed if they
wanted to continue working with bacterial pigments, thus creating new connections between
students with similar interests.

The dyeing process

As already mentioned, the bacterial pigment and the dyeing process are closely connected.
The students were mostly interested in the dyeing process using the living bacteria, as it was
an approach which the students had not experienced before. Most of the students had a
background within textile and fashion and therefore knew about the process of conventional
dyeing, which were the other approach to the bacterial dyeing process.

The workshop setting

As facilitators we experienced how the students participated in the workshops. Here we
could observe, how students from Group 1 (predominantly students from the same course
and year) found it easier to approach the workshop format and content, while students from
Group 2 (mixed group of students) had more questions, found it difficult to discuss output
and reflect on insights from the workshop with each other during the workshops. Here it can
be relevant to mention that the workshops were conducted in English, the language
commonly used for the master students, but not for the bachelor students, which might have
made some more reluctant to actively engage in conversations.
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Extracurricular activity

From the workshops, we were interested in gaining insights on the students’ willingness to
and motivation for engaging in extracurricular activities building on and advancing concepts
and methods introduced as part of the curriculum but also to enable students — and us as
researchers — to explore new and emerging topics that might not fit into or have not yet found
their way into the curriculum. To discover the balance between what to offer as part of the
curriculum, what to offer as extracurricular activities internally in the school and what to
propose to and expect from students to take initiative and explore on their own.

Some students asked us, in case they wished to explore the biodesign field further, how to
continue on their own, since they felt a barrier towards continuing on their own. It would thus
be interesting to follow students as they continue their educational journey, to see if they
incorporate biodesign into their practice.

Proposing a model to navigate between prototype hierarchies

Based on the identified hierarchy of prototypes and findings from the practice-based study
engaging students, we find it relevant to elaborate on this based on a proposed model used
to navigate between prototype hierarchies and that considers the design discipline (or sub-
discipline) in dialogue with overlapping or adjacent disciplines (vertical axis) and that
promotes input from theory-based knowledge as well as a practice-based skillset (horizontal
axis). Visually, the model has been inspired by the shape of neurons and illustrates how
knowledge and skills relate to each other, see figure 6. Dependent on the emphasis of the
four domains, the shape of the model can be altered.

Here the workshop format has been valuable as a protype to explore and expand on the
model to understand the overall framing and mindset needed to facilitate the meeting
between different disciplines.

Biology

Theory Knowledge Practice

Design

Figure 6: The general model where there is an equal distribution between theory, practice, biology and design.

The model illustrated in figure 7 shows how the different knowledge and skill domains that
the students have engaged with during the workshop series connect to create new
knowledge. The knowledge and skill contributions are shown as bubbles that are feeding into
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a pool of shared and common knowledge at the centre of the model.

In this particular workshop series prototype, we wanted to bring together bacterial dyeing and
textile design practice and the majority of students participating came from fashion and textile
design. As textile design to them is a familiar domain where students come with prior
knowledge and practice experience, we experienced that they found it easy to understand
and engage in the workshops.

Bacterial dyeing

Molecular Pigments
structure
of pigments,
techniques

\ Waste
Manage
ment
Micro-
b T
Theory o Knowledge Practice
Sustain-

Application
and

Textile
colouring potentials
Material
processing

Textile design

Figure 7: The model used to illustrate relevant aspects of the study - within and between the four domains and how
domains push the balance of the overall frame.

The model can also be used to describe and illustrate the focus of workshops and other
learning activities, by shifting its centre between the domains, depending on the target group
of the workshops e.g., other groups of students or other professional disciplines. In this way it
could be adapted to suit more advanced students, who want to know more about the theory
and practice behind a topic, as illustrated in figure 8.
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T Biology

Theory Practice

Theory Practice

Design Design

Figure 8: Left: the model where focus has been shifted towards theory and biology and right: the model where focus has
been shifted towards design and practice.

Because the model emphasizes the connection of knowledge and skills from different
domains and sub-domains, we see that the model can be used for other workshop
prototypes that have a focus on bringing together design practice with biological practice as
well as possibly a design practice with other intersecting or adjacent practices, see figure 9.

Overlapping discipline

Theory Practice

Design

Figure 9: A proposal for a general model where there is an equal distribution between theory, practice, the overlapping
discipline and design.
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Conclusion

In this study we have investigated how bacterial colouring could be implemented in a design
school setting using a workshop format.

We described our prototype hierarchy of the different roles of protypes in this study: bacterial
pigments; the dyeing process; the workshop setting and the extracurricular activity.

By conducting a series of three hands-on workshops we introduced the students to bacterial
colouring combined with textile design practice. In this first workshop we introduced how to
grow bacteria, in the second workshop we introduced how to apply pigment producing
bacteria to textiles using aseptic techniques and handle waste and in the third workshop we
introduced how the bacterial pigment could be applied in a conventional dyeing process.

The students found the bacterial pigment and the dyeing process interesting and had some
good reflections over the possibilities of how they could continue exploring the bacterial
pigments. Overall, they all found the workshops inspiring, although most of the students
favoured the second workshop. They also expressed an interest in joining other
extracurricular activities exploring biodesign.

As workshop facilitators we experienced that the students were engaged and enjoyed the
mix of theory and hands-on explorations. For understanding how the theory and skills had
influenced each other we developed a model which helped us visualise how the knowledge
was achieved in this particular series of workshops combining bacterial dyeing with textile
design practice. We propose this model can be used for further workshop prototypes
combing the design discipline with biology or other overlapping or adjacent disciplines.
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Abstract

This paper explores speculative prototyping as a way of enabling kinship between humans and non-
humans through the pathway of biophilic design. With a theoretical backdrop in post-humanist design, the
authors propose that fungi are not only a material for prototyping, but potentially a co-creator of the design
process. Through Edward O. Wilson’s concept of the ‘Biophilia Hypothesis’, the paper suggests that the
designer’s ‘fascination’ and ‘affiliation’ should be addressed in order to establish an affective and emotional
connectedness to nature. Building upon the design case ‘Fungi Kinship’, which consists of two workshops
and a speculative design prototype the paper offers a renewed technique for prototyping with attention
towards multispecies-inclusive design practices. The objective of this paper is to initiate a discussion on
how the designer's approach to speculative prototyping can contribute towards creating more sustainable
and resilient futures for all living creatures.

Prototyping, Speculative Design, Fungi, Posthumanism, Biophilia Hypothesis

Prototyping has its roots in industrial design practice as a means for designers to convey
their concepts or simulate final products (Tironi et al., 2016; J6nsson, 2017). Over time, an
extensive body of work has examined the role of prototypes, ranging from low-fidelity paper
models to highly functional representations of final ideations (Dalsgaard, 2017). Prototypes
are traditionally considered to be the design-thinking enablers deeply embedded and
immersed in design practice and not just tools for evaluating or processing successes or
failures of design outcomes (Lim, Stolterman and Tenenberg, 2008; 7:2). This points toward
the fact that material manifestations in the design process are widely accepted and seen as
an essential part of design practice, rather than just a tool for evaluating outcomes. But it
also points towards another aspect related to the designer as being in control through his/her
form-giving processes.

Prototyping is often associated with materials, techniques, and man-made manufacturing
processes such as cardboard, foam and plastic (Collet, 2017). This aligns with the way
Simon originally referred to design as ‘the science of the artificial’ (Simon, 1969; Cross,
2001).

In the framing of the existential threat of climate change and the ongoing extinction of other
species, the era of post humanist design suggests that the human perspective should no
longer be privileged (Haraway, 2003; Wakkary, 2021), meaning that it is time for humans to
share centre stage with other non-humans actors (Wakkary, 2021). This emerging field aims
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to create new appreciations for other organisms with whom we share our planet and promote
a more ecological, porous, and relational understanding of co-habiting for a sustainable
future (Liu et al., 2018; Bellacasa, 2012 and Haraway, 2003). As a result, a new form of
prototyping, referred to as ‘natural prototyping’ (Fraser and Baxter, 2015) is gaining attention as
a way to embody these values.

Researchers and practitioners have proposed numerous prototyping techniques over the
years to explore different pathways for expanding the notion and application of prototypes
into various research fields. Following the work of Fraser and Baxter, the link between
conventional and biological prototyping is philosophically aligned with the concept of Biophilia
(Wilson, 1984; Fraser and Baxter, 2015), whereas natural prototyping offers a way to
promote a more sustainable practice by including non-human perspectives in the design
process. In the following, we will unfold the use of prototypes from a speculative design
perspective (Dunne, Raby, 1999; Auger, 2013; Wakkary et al., 2015; Wakkary, 2021) to
introduce the ‘Biophilia Hypothesis’ (Wilson, 1984) as an alternative way of framing the
posthuman speculative prototype towards a viable method for creating kinship between
humans and non-human species.

Speculative Design Prototypes

In speculative design, prototyping fulfils different purposes and was originally introduced as a
means for provoking inspirational responses from users (Gaver, Dunne and Pacenti, 1999).
Dunne and Raby refer to prototypes as ‘para-functionalities’, where the speculative design
artefact is intentionally crafted to encourage reflections on how technological devices shape
(and constrain) people's everyday lives, behaviours and actions in the world (Dunne, Raby,
1999). In line with this, the speculative design studio Auger-Loizeau has created speculative
design prototypes that emphasize the generation of tensions that conflict with engaged
systems in our familiar everyday ecologies (Auger, 2013). The purpose is to carefully
manage the ‘uncanniness’ of the design artefact in order to provoke the viewers to interact
with the relevant issue(s) (ibid). Similarly, Wakkary proposes the use of ‘counterfactual
artifacts’ as a way of creating ‘world reasoning’, not by the embodiment of the prototypes
itself, but as the encounter with, or experience of the artefacts by the interactors, and
provoking what might be considered possible or not (Wakkary et al., 2015).

By proposing living organisms as the main materiality of the prototype, the focus shifts
towards new dimensions and different processes that the designer needs to consider when
working along with other species in the framing of speculative design. In the following, we
propose using the Biophilia Hypothesis to frame the posthuman speculative prototype as a
viable method of creating kinship between humans and non-humans, which is the focus of
this paper.

Speculative prototyping with non-humans through the Biophilia Hypothesis

Popularized by Edward O. Wilson in 1984, the Biophilia Hypothesis is understood as the
innate drive of humans to seek connections with nature and other species. He defines
Biophilia as the urge to affiliate with other forms of life (Kellert & Wilson 1993: 416). Wilson
identifies two conditions for Biophilia to emerge. The first condition, ‘fascination’, can be

296



defined as the involuntary attention triggered by Nature (Berto, 2005: 11). In other words, a passive
or unintentional focus towards the natural world. The second quality, called ‘affiliation’, is
described as a willingness to desire a relationship with another non-human creature (Barbiero, 2021:

12). The modern world has distanced humans from nature more than ever in our history, so it
is imperative to find new ways of stimulating Biophilia even when nature is not physically
reachable. Biophilic design has emerged as the creation of artefacts, services or
architectonic spaces that facilitate the qualities of affection and affiliation, necessary to
reinforce the vital connectedness with nature.

The paper is structured as follows: the introduction establishes a theoretical backdrop
necessary to comprehend the potentials of prototyping within speculative and biophilic
design by suggesting the Biophilia Hypothesis in response to posthumanism. We then review
previous works regarding the use of fungi as a material and alternately propose a
consideration of fungi as a collaborator. We present the design case ‘Fungi Kinship’ to
exemplify and analyze the design of a speculative prototype that enabled a closer
relationship between humans and fungi and the interactions it triggered. The paper
concludes with a discussion of how prototypes can open up new tangible and as yet
unimagined opportunities for more-than-human worlds.

Designing with fungi

The fungi kingdom is one of the most unappreciated, undervalued and unexplored organisms
on earth, and despite its vital role in our ecosystems, it is often associated with death and
decay (Stamets, 2005). As the need for more sustainable future living practices has
expanded, so has the intersection between fungi and design. In the relatively new field of Bio
Design, the interest in human interaction with fungi refers both to the materiality (Collet,
2017, Parisi and Rognoli, 2017) and to the designer's interaction with it (Parisi, 2017).

Mycelium, the root-like structure of fungi, can be a suitable alternative to a variety of
unsustainable materials used in our everyday life (Collet, 2017; Parisi, 2017). In commercial
contexts, fungi has been explored within fashion as a leather replacement. Biotechnology
companies like Phillip Ross’ MycoWorks (www.mycoworks.com) or Bolt Threads
(www.boltthreads.com) have achieved to develop and implement this innovative and
sustainable material in the fashion industry. Another approach is seen within the construction
and transportation industry, where fungi-based packaging has been developed by the
company Ecovative as an alternative to highly polluting packaging materials such as
Styrofoam or plastic (www.ecovative.com). Most of these new fungal solutions use the
organism as a consumable material (See Fig. 1). Once the growing stage is finished, the
materials go through a heating process that kills the fungi to stop their development and
become a stable material.
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Figure 1. From left to right: Bolt Thread’s leather-like Mylo® (Bolt Threads, 2022). MycoWorks collaboration with Hermes
made with Fine Mycelium®. (Coppi Barbieri, 2021). Ecovative’s Mushroom® Packaging. (Ecovative, 2020)

Fungi as a collaboration-driven design

Designing with living organisms can drastically change the traditional process of designing
with a non-living system (Collet, 2017). The prototype is generated by the designer as well as
the living organism, changing the designer’s role from the sole creator of the artefact to
becoming a cultivator and enabler of the living organism’s own natural processes. In
response to the new roles and strategies bio designers should adopt when working with
living systems, textile and bio designer Carole Collet developed a framework defined by
three pathways: ‘Nature as a Model’, ‘Nature as a Co-worker’ and Nature as a Hackable
System’ (Collet, 2017). This paper highlights the second pathway, ‘Nature as a Co-Worker',
to guide the incorporation of living fungi into speculative prototypes, which is described as:
Co-working with living organisms allows us to incorporate active and dynamic qualities to matter which is not
rendered “victim’ of a shape-forming activity, but rather becomes the enabler of the morphogenetic process
(Collet, 2017:36). This approach allows for an exploration of the possibility of achieving a
sentiment of care and interest for a multispecies world or, as the anthropologist Donna
Haraway phrases it, a way of ‘making kin’ with another being (Haraway, 2016). The aim of
the design case presented in this paper is, therefore, to examine the potential fungi-human
relationship and reconceptualize fungi from something hidden, inanimate and feared, into
sentient beings that are both aesthetically pleasing and joyful.

Case study: ‘Fungal Kinship’

The project was developed as part of the first author's MA studies in Speculative Design at
Design School Kolding (DK). The research question of the project was: ‘How do we tackle
the general rejection and lack of knowledge about fungi in order to create a biophilic kinship
towards these organisms?’

The methodological approach was based on a series of design experiments in the form of
participative workshop sessions, which led to the design of a speculative design prototype
(See Fig. 2). The process was continuously inspired by theory readings, material studies,
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fungi farming, design interventions and user evaluations.

The speculative prototype intended to present a future scenario where humans would be
capable of sustaining a relationship with fungi similar to our everyday encounters with
domesticated species such as house plants (Rolighed et al., 2022) or pets (Westerlaken and
Gualeni, 2016). The main premise was that this type of daily engagement with an uncommon
species such as fungi could open new possibilities of relating and understanding (Haraway,
2008).

Figure 2: Speculative prototype developed for the design case “Fungal Kinship”. The device encourages the exploratory
use of acoustic interaction, which is interpreted into light and heat, thus affecting the fungi’s living conditions.

Two fungi exploration workshops

The workshops were designed to identify the negative connotations associated with fungi
and attempt to generate a change in the current behaviour, hence engendering an enriched
understanding and relatedness with fungi — in other words, a ‘biophilic relationship’ (Wilson,
1984). To overcome the initial barriers, the first workshop took place in nature, the second
one in a laboratory. The inquiries of the two workshops took place over a period of two
weeks with a group of approximately 15 people aged 20-30.

The first workshop was scheduled for two hours and took place in the fungi’s natural habitat:
the forest. The activity was divided into three tasks. Firstly, the participants were asked to
complete the sentence: ‘When | hear the word ‘fungi’ | think of...” Next, the participants were
encouraged to look for mushrooms and give them a name. Finally, all participants presented
their favourite mushroom in plenum and shared their experience.

A main insight identified in this workshop was the capacity of the activity to create an
emotional connection with fungi. The most common words written by the participants in the
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first activity were ‘death’, ‘infection’ and ‘decay’. Some of the participants were even reluctant
to touch the mushrooms. After the exercises, the participants stated how pleasantly surprised
they were and how their perception of fungi shifted. Most of the names given to the
mushrooms recalled pet names, such as ‘Larry’, ‘Lil’ Squishy’, and ‘Mushroomina’, and when
they had to share their favourite one, words such as ‘cute’ and ‘amazing’ were often used to
describe them (See Fig. 3).

Figure 3: One of the participants of the Fungi Exploration Workshop showing her favourite mushroom named “Larry” to
the group and sharing her overall experience from the design experiment.

The second workshop (See Fig. 4) was intended to push the experience further by shifting
the encounter with fungi from its natural environment to a laboratory. The participants were
asked to pick different types of substrates for the fungi to digest, such as straw, sawdust,
cardboard, banana peels, cigarette butts, fabric scraps, threads and paper. Next, the fungi
mycelium was mixed in. The fungi-based materials were then stored to grow under the
proper temperature and light conditions. The workshop concluded with each participant
sharing their process and their experience. The beauty of the fungi was highly appreciated as
an incentive to generate interest in fungi. The workshop permitted the participants to be in
close proximity to this organism in a way they had never experienced before, allowing them
to undergo a unique sensorial experience. Some of the same users who experienced disgust
and fear in the first workshop were in contrast attracted to the smell, the texture of the
mycelium and the overall beauty of the fungi.
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Figure 4: Participants experimenting with mycelium fabrication in a lab setting.

Design Overview

Based on the insights acquired at the workshops, a speculative prototype was designed to
enable a communication system between humans and fungi. In order to conceptualize the
prototype, the Shannon-Weaver Model of Communications (Shannon et al., 1948) was used
to diagram the necessary elements for establishing a communication system between
humans and fungi, as shown in Figure 5.

Communication Channel

I PROTOTYPE I
| |
Sender I Encoder Decoder I Receiver

| |
| |
| Message Sound Signal Heating Message |
| VOICE Sensor ARDUINO System HEAT |
| CODE I
| |
| |
: Feedback :
| LIGHT |

|

Figure 5: Schematic diagram of the human-fungi communication system enabled by the prototype, adapted from
Shannon (Shannon et al., 1948).

Through sonic input, the human user was able to affect the temperature of the incubator
(thus influencing the growing conditions of the fungi). A low, subtle voice volume would
nurture the fungi to keep growing and eventually produce mushrooms while yelling and

301



shouting would trigger high temperatures causing the demise of the organism. The coloured
light feedback visualized how the sonic input would affect the fungi (see Fig. 6).

Red light feedback

a) Low voice —— 24°C for 24hours Fungi lives b) Shout —— 32°C for 24hours Fungi dies
Yellow light feedback Mushrooms grD

Figure 6: Visualization of how the two settings of the prototype (a) “low voice” and (b) “shout” configured the
communication system between humans and fungi.

Materials and methods

The materials and process for developing the elements of the prototype are described below:

Incubator:

Made of 4mm transparent acrylic, the incubator needed to create a sterile environment for
the proper growth of fungi. It was also necessary to have modern and clean aesthetics for
the appeal of the human users. The pieces were generated using a laser cutter. The edges
were sealed with transparent tape for reinforcement and to prevent contamination. Once the
mushrooms grew with the incubator sealed, the lid was removed to captivate the senses of
vision and smell, engaging the user to experience fungi within a controlled environment.

Figure 7: Incubator
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Wooden Intercom:

Pine plywood was chosen due to its clean and warm aesthetics. Designed to resemble a
phonograph or a speaker, a concave shape was carved with a CNC router in one of the walls
of the box, intending to nudge the users to engage through an acoustic interaction with the
prototype. Both the materiality and shape of the intercom invited the users to closely position
themselves lower than the fungi in the incubator, challenging new and unconventional
interactions.

Figure 8: Wooden Intercom

Fungi:

Based on the speed and resilience to grow under varied conditions, the chosen fungi strain
was Pleurotus Ostreatus, better known as Oyster Mushroom. A mix of rye and straw was
used as the substrate for the fungi to grow in. The mix was sterilized and mixed with
mycelium spawn before being placed in the incubator. Slowly taking over the substrate by
covering it in white threads, the mycelium created intricate patterns that were visible through
the acrylic incubator. After about 10 weeks under the proper conditions, the substrate
became completely colonized with mycelium, and ultimately fruited mushrooms that grew
over the incubator.

Figure 9: Fungi growing inside the prototype’s incubator.
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Sound Sensor:

Coloured light feedback in yellow and red visualized how the sonic input would affect the
fungi. The light pulsations were coordinated with the voice input, allowing the interaction to
demonstrate that the fungi were ‘listening’. The circuit was programmed using Arduino. The
components used were an Arduino board, LED 5V strip with RGB programmable colours, a
sound sensor, a heating wire and a relay. The circuit was wired and welded into a
breadboard and placed inside the wooden box. The sound sensor was placed behind the
concave shape where it could best capture the sounds.

Figure 10: Light feedback reacting to sound sensor.

Heating System:

Temperature is a key factor in the growth of fungi, affecting it in a positive or negative way.
The controlled temperature was generated by using a heating wire taken from an upcycled
electrical blanket. The sound sensor was programmed to react within a range. The ‘safe’
range was programmed to activate a sustained 23°C for 24 hours and an output a yellow
light feedback. If the volume of the voice that the sensor captured was above the defined
range, the light would turn into a continuous red and the heating would blast to maximum
potency (32°C) for 24 hours, endangering the stability of the fungi.
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Figure 11: Heating system using Arduino, a heating wire and LED lights.

Evaluating the prototype

The prototype was tested in a lab environment on a group of 6 students, aged 22-28
(Koskinen et al., 2013). They were all asked to take a seat in front of the artefact and were
given brief instructions on how the prototype worked. Then they were asked to interact with
the device, in whatever way they felt like. The session lasted between 12 and 25 minutes
during which the designers observed the users” verbal and nonverbal reactions and collected
insights. After the individual sessions, the users were asked to write about their experience
and later share it in an open-ended discussion during the evaluation. The intended biophilia
was expected to be generated by the primal interaction of verbal communication. We
expected that this input would allow users to feel more confident about establishing a
relationship with the non-human organism. The verbal communication practices took many
forms, as we observed the users whispering, yelling, singing, laughing and telling secrets.
Further, we realized that these communication practices were much more than just verbal, as
we observed how the users also communicated with the fungi in non-verbal ways, such as
touching, caressing, smelling and even kissing. Both non-verbal and verbal communication
allowed the users to have novel experiences with fungi, thus enabling the ‘affection’ and
‘affiliation’ necessary for biophilia.

In terms of shape and aesthetics, the final outcome of the prototype ultimately depended on
the fungi. The designer experienced a new way of reaching the final stage of the prototyping
process by embracing the unexpected and relying on trust in the fungi to do their own thing.
Clear evidence of this situation occur while the fungi started fruiting mushrooms (see Fig.
12). One of the mushrooms managed to grow outside of the incubator box originally intended
by the designer to contain the fungi, enabling a whole new interaction with the users, who
were remarkably attracted and intrigued by this particular mushroom that ‘managed to
escape’. This situation taught the designer about adapting to change and made clear how
pointless it was to create anticipated expectations on the design. The patience, trust and
humility the designer experienced in her interaction with the fungi is evidence of the holistic
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scope of posthumanism. It not only impacts the end users of the design but is also present
throughout the whole process, reshaping the way designers relate to other non-human
collaborators.

Figure 12: One of the participants during the testing session, laughing and touching the ‘escaping’ mushroom that
managed to grow outside of the designated space of the prototype.

Prototyping with living organisms: the designer’s perspective

Speculative prototyping is an emerging practice that involves creating prototypes that
challenge current assumptions and norms (Gaver, Dunne and Pacenti, 1999). It is often used
to explore the potentials of new technologies and to imagine future scenarios. When applied
to biophilic design, this paper suggests that speculative prototyping can be a powerful tool for
enabling a relationship of kinship between humans and non-humans.

At the heart of this approach is the ‘Biophilia Hypothesis’ (Wilson, 1984), which suggests that
humans have an innate tendency to seek connections with nature and other forms of life. By
designing with this in mind, designers can create products and spaces that foster a sense of
fascination and affiliation with the natural world. In the project, regarding fungi as living
collaborators challenged the design process and the outcome of the prototype. The
morphogenesis of the final stage of the prototype relied almost entirely on the fungi itself,
whereas the prototype merely served as an enabler of the growing conditions for them to
thrive.

From the designer’s perspective, becoming a co-creator with the fungi was perceived as a
humbling experience, emphasizing a new kind of relationship with this non-human species.
Prototyping along with living fungi required not only a domain in the use of design tools and
prototyping, but also knowledge about mycology — the study of fungi — in order to
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comprehend their life cycles, provide a sterile environment, identify optimal substrates and
create proper conditions in terms of humidity, temperature, required CO2 exchange and
much more. Sometimes it felt more like being a biologist than a designer, proving how these
two fields can be intertwined resulting in a more holistic, multi-species and post-humanistic
approach to design.

The focus on living fungi sparks a debate, as fungi are often overlooked and undervalued in
our society. By using fungi as a starting point, designers can help to raise awareness of their
importance and promote a greater understanding of the role they play in ecosystems.
Through the creation of two workshops and a speculative prototype, we explored the
dilemmas that arise when humans and non-human species come into unexpected contact
and seek to develop ways to promote a more harmonious relationship.

It is important to mention that in order to rigorously prove the effectiveness of the prototype of
enabling biophilia, much longer and exhaustive testing is required. Temporality is an
important factor when prototyping with living organisms, due to their own natural growth pace
and the effect on the artefact. On that note, we argue that the use of speculative prototyping
in comparison to a more traditional prototype can allow itself some freedoms, as its main
purpose is to allow the generation of awareness and discussion about future interactions,
rather than a more practical or technical objective like performance, usability or function
testing. This alternative purpose can be accomplished by configuring a fictional situation that
is convincing enough to allow the user to engage with the prototype and experience the
intended scenario without the restrictions of the present reality. As stated by Dunne and
Raby, the design speculations must not be treated as narratives or coherent ‘worlds’ but as
thought experiments — constructions, crafted from ideas expressed through design — that
help us think about difficult issues... They allow us to step outside reality for a moment to try
something out. This freedom is very important (Dunne, Raby, 2013: 20). In other words, the
creation of these prototypes and design experiments with no specific purpose or clear
outcome can effectively stage the scenarios for imagining more sustainable futures that
could bridge the gap between humans and non-humans (Binder et al., 2015; Jénsson et al.,
2014, Tironi et al., 2020).

The temporality of the process depended on the natural timeframes of fungi, which required
patience from the designer to let nature follow its course. As the old Patagonian saying goes,
‘whoever rushes in Nature wastes their time’. This process could not be rushed, lest the
prototype would be contaminated, and the experiment would have to start from scratch.
Respecting the pace of other living species made us reflect on how we as humans often fail
to implement designs successfully by turning a blind eye to nature’s own temporalities,
making them less resilient or transcendental.

The aim of this approach is to enable users to imagine multispecies-inclusive realities and to
rethink more sustainable design practices. By encouraging people to think beyond the needs
of humans alone, designers can promote a more holistic and interconnected approach to
design that considers the needs of all living beings. This can help to create a more
sustainable and resilient future for all.
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Conclusion

This paper proposes the use of living fungi in speculative prototypes as an enabler of
‘making kin’ from humans towards the unappreciated fungi kingdom, through the design of
biophilic qualities. By analyzing the design case we can argue that speculative prototypes
can re-examine the relationship between humans and fungi (even when there is no physical
proximity to nature) by facilitating a fictional and less confined scenario that allows the users
to raise awareness, engage in discussions about posthumanism, and generate a sentiment
of kinship towards fungi. The fact that most of the fungi’s life cycle happens underground,
invisible to the human eye, makes the speculative prototype even more relevant through its
capacity to make something visible and tangible through the materialization of speculation.
This is evidenced in the testimony of one user: | would never have gotten that close to a
mushroom in a forest, especially if | don’t know if it is safe, but in this clean and nice setting
where | am forced to come face to face with the mushroom, | feel | can safely touch, smell
and admire the fungi.

As a final discussion, this paper argues that having another organism as a collaborator when
prototyping with living fungi can reshape the designer’s own practice. Different processes
transformed the role of the designer, who had to consider slower temporalities, cultivation
and husbandry practices and deal with unknown final morphogenesis. All these factors made
the designer experience trust, patience, humility and respect, evidencing the potential of
speculative prototyping with living organisms as an effective method to propose more
inclusive and sustainable futures.
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Abstract

Biodesign is a growing discipline focusing on material futures, alternative production methods and more
interdependent solutions with Nature. In particular, it fosters designers to interact with other
microorganisms and living matter for the development of materials and potential applications often based
on material tinkering and material-driven design methods (MDD). The interweaving of human and other-
than-human agencies raises multiple questions and characterizes levels of complexity throughout the
design process. The purpose of this article is to elaborate a posteriori on practice-based research to
support biodesigners in their interdisciplinary practices.

First, it proposes "mattertypes" as a comprehensive term that describes material prototypes resonating with
non-anthropocentric design. Mattertypes embody not only human and other-than-human agencies but also
situated peculiarities: environmental, social, and systemic factors and implications.

Second, it illustrates an approach called MMMM (Micro-Mezzo-Macro-Meta) a scale-based structure that
aims to facilitate project workflows and enhance the understanding of the whole process. The scales are
explained with practical examples based on the experience gathered during three research projects on
SCOBY (also called bacterial or microbial cellulose). Namely, a product design BA- and an Eco-Social
design MA-thesis, and an interdisciplinary research project investigating and developing packaging, food
concepts, and scenarios for more resilient (g)local prospects.

Biodesign, prototyping, DIY materials, bacterial cellulose, glocalism

The active engagement of design disciplines with microorganisms has been emerging in the
last decades. Biodesign (Myers, 2012) is the name of the field of reference encompassing
approaches such as growing design, in which existing microorganisms like bacteria, fungi,
microalgae, or mixed cultures are used for researching and developing new sustainable
materials (Camere and Karana, 2017). Microbial production is used to generate substances
that have peculiarities differing from established materials with foreseeable behaviours,
characteristics, and performances. In this realm, material making and processing protocols —
also called ‘recipes’- are investigated and defined using Material-Driven methods and
material tinkering seeking to achieve interesting properties and qualities revealing new
material experiences (Karana, et al. 2015; Parisi, et al. 2017). Iterative sessions result often
in high amounts of samples, models, and prototypes acting as tangible proof of processes

T Symbiotic Culture of Bacteria and Yeasts also known for being a cellulose-based pellicle with remarkable
properties, edible and non-edible potentials
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(Rognoli and Parisi, 2021). In the R&D processes of DIY materials, designers encounter
uncertainty, failures, unforeseen discoveries, and surprising results, even more so when
including living micro-entities and their own agencies. Given the high amount of variables
and co-metabolic dynamics, it could be hard even for microbiologists to explain why
outcomes might be different from what expected (L. Conterno?, Personal communication,
November 29, 2022).

Working with microbes is a highly experiential and embodied practice that is based on a
certain degree of co-dependence and even on a sort of intimate relation. Hence, producing
new materials does not depend solely on human agency anymore but is negotiated with
other-than-humans towards multispecies design (Rognoli, Pollini and Alessandrini, 2021).
The process involves getting to know the microbes, nurturing them, and acting according to
their biological preferences -or not- depending on wished variables in the end outcome.
Experts, tools, and methods from different fields are often involved in growing design
projects, creating new relationalities and approaches that strive to propose sustainable
practices on distributed, local, and global scales (Cohen, et al., 2022b), so-called (g)local
(Robertson, 1995).

Drawing on practice-based experience gained in the course of ongoing interdisciplinary
research projects investigating SCOBY, this paper proposes a posteriori elaborated
terminology for prototyping and a holistic project approach based on scales that aims to
facilitate project workflows and enhance the understanding of the whole process.

First, "mattertypes" is introduced as a comprehensive term describing material outputs of
biodesign and material-driven projects. Mattertypes represent a shift towards a more
dynamic, organic, and collaborative approach to design that interweaves human and other-
than-human agencies with science, technology, society and environment.

Second, the ‘MMMM’ (‘Micro—Mezzo—Macro-Meta’) approach is proposed to tackle the high
complexity of practice-based biodesign projects. By suggesting a scale-based structure, it
aims to support biodesigners in assessing project workflows suggesting activities and
collaborations, and enhancing an overall understanding of their practice.

Prototype in Designscapes

Prototyping is one of the fundamental designers’ activities resulting in a variety of definitions,
intangible solutions, tangible matters, and application proposals. Houde and Hill (1997)
highlight the ambiguity of the meaning of prototype as a term in the different design fields that
can range from a foam model to a storyboard. Furthermore, a prototype can be any
representation of a design idea showing its ‘role’, ‘look and feel’, or ‘implementation’ (ibid).
This ambiguity and variety have been increasing since design research as a field has been
growing and evolving in diverse ways of doing and knowing. Shifting from a mere
representation towards means of experimentation and inquiry, prototypes can be defined ‘as
vehicles for research about, for or through design’ (Wensveen and Matthews, 2014).
Research through design focuses on ‘the possibility of design to be done on the basis of

2 Dr. Lorenza Conterno is a microbiologist head of the Fermentation and Distilliation Group of the Laimburg
Research Centre in South Tyrol
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design practice i.e. by artistically/creatively making objects, interventions, processes etc. in
order to gain knowledge’ (Bang et al. 2012). Therefore, such ‘procedural artifacts’ differ from
traditional prototyping of products and embrace social, conceptual, and ontological functions
(Schubert at al., 2021).

Besides the role of artifacts as knowledge generators, they can also provoke debate and
‘embody tensions surrounding an area of interest’ (Boer and Donovan, 2021). Moreover, in
design fiction, ‘diegetic’ prototypes acquire a different function ‘to suspend disbelief about
change’ (Sterling, 2012) and make people experience possible futures through simulations of
future scenarios and materializing not-yet-existing technologies.

In the wide designscape, prototypes are used in many ways and engage with diverse
audiences, such as ‘users’ to test ideas, co-designers to make collective decisions (Houde
and Hill, 1997), or a specific group of people —like neighborhoods- to foster social actions.
Depending on the context and the engaged public, prototypes vary in role, form, and scale.

In emerging fields like biodesign and material-driven design, prototyping embraces new
characteristics going beyond the above-mentioned functions. As Ferraris & Barzilai (2021)
assert, such transcendence makes sense since ‘things’ that are at the center of the practice
are living beings.

Prototyping materials: Mattertypes

Although prototyping in design research has been acquiring new roles and meanings, still in
the traditional product design processes, the terms commonly utilized to describe objects,
devices, materials, and artifacts that are developed are: models, and prototypes. This
terminology is strongly linked with industrial mass production in which the development of a
new product involves a series of iterations from concept, through 2D and 3D development
and visualization of an artifact, to its material and production drafts, until the final evolved
artifact is serially produced.

Often materials chosen for models are cheaper and easy to shape, simulate volumes,
structures, colours, and surface finishings allowing designers to test and observe them,
conduct user testing, discuss, and generate insights that enable development with valuable
and advantageous adjustments. Prototypes are instead, often made using the same or
similar materials and production techniques that are intended to be the final ones.

However, in the field of DIY materials, the focus is on the development of substances and
matter that could only later be used for new applications and artifacts. Given that 'models’
and ‘prototypes’ are generally made of already established materials in product design

processes, such terminology could be limited as it does not refer specifically to materials.

Material-driven design and biodesign encourage more radical approaches to the very matter
that could constitute artifacts with enhanced ecologic and systemic commitments. Material
tinkering (Parisi, et al. 2017) especially, focuses on iterated samples that could further mature
into new materials. Indeed, it could be seen as a pre-prototyping practice that fosters
designing ‘with materials’ or ‘for materials’ (Rognoli and Parisi, 2021). Rognoli and Ayala-
Garcia (2021) refer to DIY material samples developed in tinkering-for-materials processes
as ‘material drafts and demonstrators’. Especially, ‘material demonstrators’ aim to showcase
the outcomes of material experimentation and their variants. They could be delivered to
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companies that could refine and finalize them for commercial applications or used for design
speculations (ibid.).

From an ontological point of view, Bennett introduces ‘vibrant matter’ (Bennett, 2010) as a
term expanding materiality to the vitality of the matter by highlighting its multiple agencies
within complex ecologies. Moreover, a recent paper by Zhou, et al. (2022) illustrates
material-centric approaches in which non-human actors are active contributors to the design
process itself. In this way, materials become carriers of a wide variety of information
reshaping human and other-than-human relations by embedding their agencies.

During our exploration of growing materials, we perceived a gap in the terminology