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Foreword

The Design Thinking Research Symposia (DTR8jies of meetings was launched at TUDelft in
1992. It aims to research design thinking on the base ofwadd evidence. Each of the past 12
meetings has dealt with a specific topic and in tHesyBnposium we look at the expansion of what is
understood as design (and design thinking), whereby many activities by professionals from different
di sciplines are seen as included in the term 6d
DesignThinking as a methodology, shortly after the DTRS series was initiated.

The move from design thinking as the way in which designers think to Design Thinking as a method
embraced by the business world has brought many new actors to the table, and @ngenelear

what exactly design means and how well it is served by the expansion of its boundaries. In DTRS13
we investigate precisely these questions. What are the new frontiers design is demarcating? Do they
have the capacity to sustain the missionsesigh? What do we gain from this expansion of frontiers?
What do we lose, if something is lost? Can we find a new signification for the designer, which will be
wi der than the traditional one but narrtdower t han
for design education? For teamwork wherein team members have varied professional backgrounds?
For sustainability, and for design for underserved human groups, and animals? There are also
implications for design methods and the technologies involakdyf which are changing rapidly.

These are some of the issues that come up in this compilation of papers, which were accepted, and for
the most part presented, at DTRS$8me of the papers in this volume are by authors whose papers
were accepted and theegistered to the conference but could not travel to it for various reasons.

This conference was long in the making: it was initially plannedAjpril 2021 buthad to be
postponed owing to the global Covid pandemic. It is finally taking place in M2f¥28, and we are
sogladthat it is really happening!

We would like to thank the Technion for supporting this conference, DesignTech for sponsoring it,
the Azrieli Foundation for the richid they provided, and we especially thank Stratasys for their
interest and generous support of the conference. Finally, many thanks to Sheila Osmanov, whose
assistance in organizing the conference wdspensable

Gabriela Goldschmidt and Ezri Tarazi
Haifa, March 2022
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Designed towrite

Christine Toh? Andy Dong® andMike Sharples’

& University of Nebraska at Omahaph@unomaha.edu
® Oregon State Universitgndy.dong@oregonstate.edu
¢ The Open Universitymike.sharples@open.ac.uk

Abstract. This article describes the cognitive and processual similarities between creative writing and
designing. We have chosen to investigate this inteoseat one way to address the expansion in the boundaries

of design thinking. Evidence of this intersection is drawn from a book on the cognitive aspects of creative
writing and an interview with the author. The article identifies four sets of simildbgisgeen creative writing

and design: processes; cognitive structures and processes; methods; and social processes. Based upon our
analysis, we find reason to conclude that writing is a form of design and that writépsafactodesigners.

Since the hman faculty of language is the foundation for creative writing, and language is thus far considered

the paragon of cognitive skills, we conclude that the proliferation of design thinking across disciplines should be
expected. If writing is designing, thefl forms of communication modes (mathematics, language, symbology)

are all forms of design itself.

Keywords: creative writing, design cognition, mental models

1 Introduction

Stories, in the form of news, articles, books, and even tweets, and designs, in the form of objects,
environments, and services, are all around us. Together, they represent the bulk of our material
culture. Writings and designs share structural similariti2esigns have a function, structure, and

behavior (Gero, 1990) Similarly, writings have a function (construe an experience, create a
community), structure (genre, grammar, style), and behavior (narrate, report). This leads us to raise

the question of whether the act of writing and designing share other similarities. Taking a more
provocative stance, this article raises the possibildy Writing is itself a form of designing. Indeed,

in writing about writing, Mi ke Sharples clai ms t
a creative thinker and problem solver, but alstesigner @Sharples, 1999, p. 10)/e believe that

discovering the extent to which writing is (or can be) a design process can drive a search for cognitive
processes, tools, dn me di ati ons t hat underpin both practic
thinkingd and o6éprimary generatord can be applie
concepts expand.

If the claim that writing is a form of designing is trueistteads to a broader implication that would
explain the expansion of the boundar i €Bowm f desi
2008) This implication is that writing is an adaptation of the cognitive skills evolved for designing.
Perhaps the evolution of cogmigi skills for designingDong, CollierBaker, & Suddendorf, 2017)

provided the building blocks for languag¢Rickerton, 1981; Davidson, Noble, Lieberman, Ragir, &

Burling, 1993; Deacon, 1997As early as 1.75 million years ago, long before humans communicated
through language, they were engaged in thedtmpn design of artifact@oore, 2020) They were

designing hafted (having a handle) tools and symbolic, decorative (tdermshilwood, D'Errico,

Marean, Milo, & Yates, 2001; Henshilwood et al., 200@pore (2011)suggests that the physical
constraints of materials enforced boundaries on design spaces and influenced the emergence of design
cognition and practice. A set of cognitive skills have evolved to enable humans to design. To engage

in these sortof activities requires deliberation and planning, both of which are enabled by the
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cognitive skill of recursiorfHoffecker, 2007)Recursion is considered a building block language

and the creative ability to produce a seemingly infinite variety of combinations from discrete
components. It is possible that some cognitive skills involved in design cognition such as imagination
and causal reasoning are examples of convergenution. Both great apes and crows (corvids) have
been found to possess these cognitive stiiaery & Clayton, 2004)which enables them to perform

acts such as crafting simple tools. Yet, to our knowledge, neither apes nor crows have shown any
capability to writei which may simply be thease because there is no need, no natural response
necessary, for them to do so even if they could. The capability to design gave humans an inherited
di fference that we | everaged to improve our spef
develped an ability to design before writing, perhaps humans designed language itself. The
evolutionary origins of capabilities to envision and reify that world such that it can be shared and
communicated to others are more likely than not to be shared betwidag and designing.

In short, if there are commonalities in terms of mental structures, processes, and methods between
writing and designing, then there are-faaching implications because the cognitive skills for design
predate skills for language.

The central claim of this paper is that writing is a process of design and therefore writsoare

facto designers. We have chosen an exploration of what writing and visual design have in common,
through a search for cognitive processes, tools, and tisetiahat underpin both practices, to explore

the boundaries of designing. We have chosen to investigate creative writing to address the expansion
in the boundaries of design thinking because both writing and design result in the intentional planning
andcreation of cultural artifacts, one immaterial (writing), one material (design), to express and shape
values and beliefs. Both deliver on the goal of communicdfonlizzi & Lebbon, 2002)As stated

by Krippendorff (1989,p.9) desi gni ng can be fAr eduasofidesign &aes me an

to be understandabl e or meani ngf ul to someoneo.
process and act of individual expression to share an experience to a specifiq\Maokgberry,
1963)

The evidence for our claim is a book about the process of wriiag, we write: writing as creative

design (Sharples, 1999y Mike Sharples, and an interview with the author, provided in the
Appendix. Sharples was provided an early draft of this paper and invited to respond to a set of
interview questions. The responsestte interview questions have been integrated with the paper. We

chose this book as data for our research because it is the only book we have been able to find that
treats the process of writing as both a process and as a cognitive act, mirroring thatdagitiming

has been researched as a pro¢Bssha & Reich, 2003; Jones & Thornley, 19@Bd as a cognitive

act (Visser, 2004) Design as a process and a cognitive act are the two dominant themes of design
research(Chai & Xiao, 2012) In addition, while a broader base of literature exists that compares

writing with designing, théocus of this paper is not a comprehensive review of the existing research,

but rat her a critical analysis of Sharplesd cl a
contextualize the authorsd cl ai msedWwiththe researchr e s e a:
group with whom the author collaborated to produce the research informing this book came from
disciplines including psychology, ethnography, computer science, and jourrialishich again

mirrors the disciplines contributing to desigesearch if we replace journalism with any of the
disciplines associated with the practice of design such as architecture, industrial design, or
engineering.

We wi || review the two most intriguing claims n
commonalities between writing and designing:

1. The cognition of writing recruits the same cognitive processes used in design.

2. Both writing and design use congruent methods and approaches to structure the process.



2 Overview of How we write: Writing as creatie design

Written as a book that explains writing from three perspectiva@gnitive psychology, media theory,

and social constructionisinHow we write: writing as creative desidry Mike Sharples is more an

exposé about writing than it is an instructior@nual on creative writing. The book is based upon
research by the Collaborative Writing Research Group at the University of Sussex, UK. Separated
into three parts, each analyzes writing from the following perspectives: i) cognitive psychology; ii)
media theory; and, iii) social constructionism. Part One deals with creative writing as a mental
activity. This part begins with an account of the cognitive development of writing in children and
builds toward a general claim of writing as creative thinking ggitly internal (i.e., selmposed)
constraints such as topic and style and external constraints such as grammar. Part Two presents a
description of writing as supported by a set of methods and makes the strongest set of claims on the
intersection betweewr i t i ng and designing. As Sharples make
that writing is a process of design, a skill that is grounded in the way we use our intelligence to create
and share things o(Shanpesal®99npgxifFinally, Paht &hrew desctibés the
ways in which an authordés social and cultural se
Across tle three parts, Sharples makes four general claims about the intersection of writing and
designing:

1. The process of writing is akin if not nearly identical to the process of designing except that writing
produces a text and designing can prodenerything that is not a text. For example, Sharples states

that writing entails activities such synthesis and analysis and stages such as ideation, analysis,
evaluation, and selection, activities and stages encountered in the process of design.

2. The mental processes of writing are similar to the mental processes in designing because both are
ment al activities t hat |l everage the mi ndods cap
meaningful to others. While it is more likely the case that cogniprocesses in designing (if
designing is thought of as forgiving) emphasize mental representations that are spatial rather than
linguistic (Finke, 1990) designing and writing may recruit similar cognitive skills and processes.

3. Both writing and designing use methods and approaches to structure inherentgndpdrand

ill -structured processes. Even though writing and degjdmppen in the mind, they rely on methods

and external tools to increase productivity and serve as cognitive scaffolds throughout the process.

4. Both writing and designing are mediated by social processes that draw upon resources produced
by others. Pardpasing a statement on the formation of personal idefdippiah, 2005) while

authors and designepsoduce their own artifacts, it is other authors and designers who produce the
artifacts that authors and designers will use to produce their artifacts. Designing involves
stakeholders, technical conversations, and sometimes a client and a brief. Whitihges
stakeholders (editors, agents, readers) and sometimes a client (publisher) and a brief (prospectus).
While all four claims outlined above illustrate many similarities that run through the core of both
writing and designing, in this paper, we wilcus on claims 2 and 3 for the sake of brevity and since

they are both neobvious assertions that deserve greater explication. The following sections review
claims 2 and 3 respectively, discussing the links between writing and designing as both gecogniti
process and a set of methods used in practice.

3 Cognitive aspects of writing and designing

Interest in understanding the mental processes and structures associated with the process of design
started from a broader program to develop intelligent software programs to automate the design of
specific artifacts, if not entire classes of artifg@syne, Rosenman, Radford, Balachandran, & Gero,
1990) Inspired by foundational concepts from the field of artificial intelligence, research in the



mental processes and structures associated with designing lobautgoamarily through an objective

to develop computable models of a design and of desig@ego, 1990) This area of research has

come to be known as design cognitipfisser, 2004) The design cognition research paradigm views
designing as essentially a cognitive activity, which entails the description of design practice through
descriptions of cognitive processeshitthan through descriptions of tools, methods, or processes.
The fundamental theory espoused by the design cognition paradigm is that the structures and
processes of cognition have <causal i mportance i
Designcognition researchers do not neglect the role of tools, processes, and social context; rather, the
interest lies in understanding how cognitive processes intersect with the technical methods of design,
such as the intersection between mental imagery hodterm memory while sketchin(Bilda &

Gerqg 2007) Design cognition researchers theorize a set of cognitive processes salient to designing
(Farrell & Hooker, 2013%uch as abductive reasonifigorst, 2011)and &olutionary building blocks

such as representation, recursion, and curi¢Biyng et al., 2017)

Sharples (1999 x pr esses a similar interest in -alhceudnent a
research about writingHayes & Flower, 1980Q)a research method widely used in the design
cognition communityEricsson & Simon, 1993; Lloyd, Lawson, & Scott, 199Sharples focuses on

the mental processes associated with creativity in writing. His definition of creativity in writing
exactly mirrors the definition of creativity used in design theory. According to Sharples, creativity in
writing entails both originality and appropriateness. Appropriateness means that the content and style
of the writing suit etpbreoseafuthehtextr Dhese araltiei samecceteriaa n d
applied to creative desigrisnovelty and utility. Novelty in design is usually conceptualized as how
unusual or unexpected a design is relative to others within its category. Utility is conceptualized as
quality, the extent to which a design objectively meets its intended purpose according to some
measures of goodness. Originality in writing is achieved by following the rules of grammar, or
sometimes flexing and extending the expected conventions of €iginality in design can be
achieved by following the rules of a shape gram(8#ny & Gips, 1972)pr algorithms that transform

and combine simple representations into originasigies (Emdanat, Stiny, & Vakald, 1999)
However, the novelty of certain designs can also come from the deliberate bending of existing
paradigmsand questioning of established design guidelines, as seen ikneglh examples in
industrial design, typography, architecture, and the design of musical instrbemson, 2006)

The cognitive pathway to creativity in writing connects with the model of creativity as a
psychological phenomenon as explained b Gheory (Hatchuel & Weil, 2009) C-K theory
proposes the existence of two spaces (mathematical sets): the concepf spakcehe knowledge
spaceK. The knowledge space contains all true propositions and available knowledge. The concept
space contains designs that may be true because itystnmbssible to prove that a particular design

is true given the current knowledge space. As such, each design is a proposition. The process of
designing transforms undecidable propositions (concepts) into true propositions (designs) in the
knowledge spaceln other words, the process of designing creates knowledge that makes the
undecidable propositions in the concept space trei€.tlzory proposes four operators that expand
the C andK spaces until a true proposition (design) can be logically proven.

These CK spaces appear in Sharplesd explanation of
generate an appropriate text. (It should be noted that Sharples was unawalke tbé@y when
writing his book.) Sharples identifies two types of constraints:inhmal constraints suct

selfimposed topic, and external constraints such as the style and structure of writing that would be
meaningful to the audience. For example, an author cafingaifse an interest in writing a news

article on a spefic topic, but, in writing forThe New York Timeshe author will adhere to the style
stipulated inThe New York Times Manual of Style and Us&arples claims that writers start with a

set of i deas represented i n feaan orgamsgd eowdceptuad b o f
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spaceéthat can be syst e ma(Shamplad 1999, pedSp MThre dioagad ni ¢
conceptual spaceo that Sharpl es c iKtthe@y. ldeasin na me d
the writerdéds conceptual Sspace hspacebedalseidessshave pr o f
attributes (words) t hey or i gi nat e ugh lomgtarm anenfory éoaapprdpriate lea®

and appropriate | anguage t o eXx p-spacs saveatributesthatl e a 0 .
are the properties of a design such as its geometry or material.-3p&cK is what Sharples describes

as irternal and external constraints. The constraints, like tepd€e, are what are known to be true or

false about language, grammar, style, etc.; they guide (constrain) the writer in formulating a
meaningful chain of ideas rather than a series of randaepmiected words. Designers retrieve ideas

from longterm memory(Bilda & Gero, 2007; Del Missier, Visentini, & Mantyla, 201&)d connect

thesei d e a s ito define, constrain and (Goldsthmidt,y t he
1995, p. 208L i ke wi s e, waonceéptial spac8emphasisladded] relevant to the task and

then exploring and transforming them to create products that the writer could not have imagined

pr evi (Shaspley, 28999, p. 47)a transformation that is reminiscent of theK@perators and

their transformation of propositions in thespace and knowledge in thedpace. Admittedly, &K

theory applies better to the writersodo external
much of the work that goes into the process of writing is concerned with satisficing internal
constraints. Nevertheless, both wigf and designing involve an exploration of these conceptual

spaces to meet internal and external constraints. In sum, the model of thought theoriz€dhep§

finds empirical support in Sharpleségygsimtetiseg r i pti o
are both wunderpinned by Herbert Simonds notion
explorations within conceptual spa¢dewell & Simon, 1972)

Sharples further elaborates on the fundamental processes of idea generation for writing in
hypothesizing O0states of mi ndd associated with
Borrowing a taonomy proposed bgelernter (1994)Sharples hypothesizes that knowledge telling

and knowledge trasforming can either be lofocus or highfocus. Highfocus thinking is associated

with solving a particular problem whereas Hocus thinking is associated with inconsequential

thinking associated with emotion. Given these dimensions, Sharples hypathesizeo u r 6stat e
mi ndd for idea generTahlel@Gharpies1999rpi48) ng as shown in

Table 1. States of mind associated with knowledge telling and knowledge transforming

Knowledge telling Knowledge transforming
High focus Associationathinking Problem solving
Low focus Idea flowing Daydreaming
While there is no equivalent concept of Ostate ¢

mapped to the following concepts in design cognition:

1. Associational thinking concept formation as the construction of ideas at increasing levels of
complexity(eg., Dong, 2006; Galle, 1996; Gero, 1998)

2. ldea flowingi a significant body of design cognition research addresses the effects of exposure
to farfield, lesscommon examples during ideati¢e.g.,Chan et al., 2011; Fu et al., 2013; Tseng,
Moss, Cagan, & Kotovsky, 2008)

3. Prodem solvingi the problemsolving paradigm in desigfe.g.,Goel & Pirolli, 1992; Simon,
1995)describes the mental processes associated with pralolng in detail

4. Daydreamingi other than brainstormingOsborn, 2001) in which it is shown that
brainstorming is most effective when individuals work alone first and then share ideas in a group
(Girotra, Terwiesch, & Ulrich, 2010Yhe most similar research would be avoiding design fixation
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through incubation and forgettingmith & Linsey, 2011Yhough techniques for d&ing fixation

that involve rerepresentation and abstractiG@ahner, Nickerson, Tversky, Corter, & Ma, 2010)

could be considered le¥ocus if these activities arendirected externally.

It seems fair to say that categorizing states of mind as a way to distinguish cognitive pathways to
creativity in idea generation would not neatly organize research on ideation in design given the very
diverse perspectives on thegaoitive psychology of creativitfRunco & Chand, 1995)Although

Sharples does not review the cognitive psychology behind idea generation in writing, the reasonable
overlap between his dimensions of creative thinking in writing and empirical research on idea
generation in design allows us to conclude that eogbifindings in the design cognition research

will likely hold if the research were about writing instead of designing. One important difference
stands out , t hough. The ma i/law- fodud taeonoeny aed | n C
convergent/divergent thiking is the hypothesis that lefecus thinking is driven by emotion.
Divergent thinking in design, and creativity, more generally, can be driven by many cognitive
processegHernandez, Shah, & Smith, 2018)ich as incubation, frame of reference shifting, and
exposure to novel exampl es. The effect of emot i
attention other than the effect of emotions about past experiences as a trigger for novel ideas
(Solovyova, 2003Rnd curiosity(Saunders, 2007 However,Sharples (1996himself has critiqued

the notion that emotion is the sole driver of creative imagination, and that other forces may shape
creative thought in writing, much like in desig

One topic on the mental processes associated with writing addresses that Sharples explores in depth
but has received little attention in the design cognition community is the development of cognitive
abilities for writing (or designing) in (neurotypig¢aihildren(cf., Dong & Heylighen, 2018)Sharples

describes the progressive development of cognitive skills for writing in children. Asechddquire

the ability to speak, they also learn to develop imaginary worlds. Learning indirectly through
communication with parents, teachers, and older peers, they begin to learn simple genres such as a
book story or a recounted event. For example, il chight be asked to relay a story about their

recent birthday party. The most significant advances in cognitive skills occur when children learn to
form 6what nextd scenarios and to stop and refl ¢
14 develop the ability to talk about their writing, which suggests that they are thinking about their
thinking through fia mi xt (Shagple 1999em 2phgrgam ealistthisa nd r e
cognitive skills knowledge telling, the formation and pursuit of chains of mental associations, and
knowledge transforming, the construction of mental spaces to be exploredresidrireed(Bereiter,

1987) The closest analogous cognitive skills that have been studied in adult designeentaie
simulation(Christensen & Schunn, 2008hd reflectiorin-action(Schon, 1983; Valkenburg & Dorst,

1998) respectively. In a review of the developmental psychology literaBuddendorf and Dong

(2013) conclude that the development of secondary representation aneremetsentation skills

(Perner, 1991yive us theability to imagine an object that is not present and to see versions of the
object in different contexts to imagine how they would perform. At about two years of age, children
develop the secondary representation skill to represent the world indeperatenpdrception

(pretend play). At about four years of age, children develop the skill to represent an object or situation
simultaneously in different ways. They may find a TikTok video of a cat swatting away ornaments the
cat6s guar di an musng datduseytheypcar repeeseiat the situation as a conflict

bet ween the catdéds representation of the situati
situation as a chore. The development of these representational skills allows us to ifjegiseitat

are not bound by prspecified characteristics and should be salient in the ability for writers to
imagine the structure of texts in ways that defy conventional understandings.
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4 Methods of writing and designing

One of the most striking similies between writing and designing lies in the reliance of tools and
methods to help navigate an inherentlystfuctured and opeended proces@Buchanan, 1992; Rittel

& Webber, 1973)In fact, Sharples compares writing by dictation, a method of freeform writing, to be
akin to walking in the dark. Similarly, design is often described asliimng unclear goals and
incomplete informatior{(Voss & Post, 1988and designers have to resolve conflicting requirements
from stakeholders with competing prioriti€égouridas, McKay, & dePennington, 2004)The
uncertainty inherent in the design process shares many properties of walking in the dark, and decades
of research and experimentation has led to the use of tools and methods to help designers grapple with
this uncertainty. The esof tools to structure the highly unstructured process of both writing and
designing can be attributed to the many shared properties between the two (written by Bryan Lawson
in How Designers Thinlkand cited by Sharples): they are both cpaded and canhde fully
specified; the process is endless; there is not an infallibly correct process to follow; the process
involves finding and solving problems; it involves subjective judgment; it is a prescriptive activity;
and, both designers and writers workhe tontext of a need for an action (they create change).

For writers, these tools take the form of books, files, notes, word processors, notecards, and many
other medium$ a | | for the purpose of biextemngl represgritansf i er s
that convey meaning to the reader. Ideas live in the head until they can be expressed in the form of
these external representations, and their expression is as varied as the type of medium used by each

C

writer. While writ eralyéonstnandd by theonked o ladequatay egpressthe y pi ¢

written word, designers have a much wider range of external representations and tools at their
disposal. Design journals, drafting paper, whiteboards, sticky notes, and even computer aided design

(CAD)software are al/l used to make external fimar ks

of creating external representations of ideas is so central to design that a wealth of research has
explored the relationship between one of the most commadnoaiebf expression, sketching, on the

design process. Some have even characterized sKke

by which the designer dialogues between internal ideas and external representations of those ideas
(Cross, 1999; Goldschmidt, 1991; Shah, Vaigasnandez, Summers, & Kulkarni, 2001; Tovey,
Porter, & Newman, 2003Beyond the use of tools for writers to exgs themselves, Sharples also
briefly discusses the use of external resources such as reference books or colleagues to guide the
writer in their efforts to effectively express their ideas effectively. One of the most ubiquitous
reference books for writing s St r unk 6s EJA0@)nehith reas sbaped §engrdtians of
writers and readers, highlighting the power of these external resources during the pgrogésmo

In design, the use of these external resources has received significant attention in the form of
guidelines, heuristics, and principles, which seek to help the designer draw from a rich library of
design knowledge. Well known examples of thexstermal resources include Schneiderman and

Pl ai santdéds 8 Gol den (2R0)I eNo roma nldnst (20L3) RraendDiepsNiiegs s e

10 Usability Heuristics(1994) So ubiquitous are these external resources that undergraduate design
programs often include them as standard training materials for novice designers.

In considering the tools that both designarsl writers use to externally represent their ideas, it
becomes clear that much of the decision about which tool to use greatly depends on the context and
need of the writer or designer. Sharples describes how writers have highly personal preferemees for t
tools used to capture their ideas, from the saturation of the ink used to write on paper, to the type of
word processor used to compose text. So too do designers have highly personal preferences for design
tools, albeit with more constraints in place bgsources and established platforms used by
organizations designers are Ferguson (1993gven discusses the different typesskétching used

by designers: the thinking sketch, the prescriptive sketch, the talking dketithof which serve
different purposes during the design process. However, the variety and quantity of tools that exist to
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help support writers and designersrau fully resolve the central dilemma that Sharples brings into
focus in this book: that writing (and designing) are both subject to the tension between the ephemeral
nature of ideas as they are formed in the mind and the inflexible nature of the watte(owsketch)

once they are put down on paper. In this way, writers and designers both have to struggle to update
ideas once they are externally represented since the very act of writing (or sketching) causes the
designer to reflect on their idea, integpit, and modify it. However, not all mediums are created
equal in the ability to easily update and modify ideas once they are expressed. Sharples uses the
example of a typewriter: it allows a writer to record the flow of words rapidly and easily in a
conversational manner. However, revising the text once it is typed on the page is much harder.
Similarly, designers sketching rough ideas on the back of a napkin will find that refinements and
modifications to the sketches are prohibitively cumbersome. dkena of digital sketching tools,
such as Autodesko6s Sketchbook, now all ow desi gne
modifications, and advanced editing tools allow the designer to make substantial changes, such as line
color or texture, rapily and with minimal effort. Despite this, the use of these digital tools is not
without constraints, and designers must work within the bounds of feasible editing actions available
within these platforms.

While many frameworks for characterizing the pssc®f both writing and designing exist in the
literature, Sharples broadly classifies the activities involved into three main categories: planning,
composing, and revising. In planning, the writer is focused on creating an outline and intention for
contentto be written. Unlike the romantic vision of a lone writer sitting down to compose a novel in a
single sitting, Sharples provides compelling evidence that successful planning activities are key to
intentional writing and significantly impact the quality the final outcome. Similarly, designers or
teams of designers who proactively perform background research into their users, competitors, and
project constraints can plan their design activities more strategically, utilizing the resources available
to them to make the best decision in their given design context. In the literature, this planning stage
occurs during the conceptual design stage, and is of immense importance to the success of design
activities, so much so that it is said that@8o of desigrcosts are typically committed to this process

(King & Sivaloganathan, 1999Jwo types of planning methods are discussed by Sharples as being
used by writers. Theirkt is mindmapping, a process of linking associated concepts together in a
visual layout to help organize networks of thoughts and keep writers organized during this stage.
While mindmapping is not a formal tool used in design, the use of associationking bears a

striking resemblance to the use of computational tools for encouraging idea ger{etatibta, Feng,

& Peng, 2017; Siddharth & Chakrabarti, 2018phother wellestablished method of planning used in
writing is developing outlines, typidglin the form of bullet points describing the content to be
covered in the writing. While the structure of such outlines is clearly specified for producing written
text, designers have their own met hods esigrf nout |
activities to be engaged with, such as developing a Project Requirements Document (PRD), MoSCoW
Prioritization PlangWaters, 2009)and product specificatior{gllrich & Eppinger, 2016)to name a

few. Regardless of the design framework or planning method used, the core purpose of these planning
methods is to enable the designer to strategically allocate resources to different stagessigrihe de
process to maximize their chances of producing successful design outcomes.

organised expressed interpreted integrated
into as as with
Writer's | Written | Reader's
; —» (Schemas —» —» |Schemas| —» .
experience language experience

Figure 1. Process of reflectio(Sharples, 1999, p. 91)
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The next main stage of writing described by Sharples is composing, whereby writers generate ideas

and transfer them to written language using a medium of their choice. However, this process of idea
generation does not happen in a vacuum, as illustrated by the diagram shown in Figure 1 from
Sharplesbdés book.

Writers must first translate their own expegerthat is organized by their own mental schemas (ways

of understanding the worl d) into a written | ang
mental schemas, integrated into their own personal experience of being in the world and reading the
written text. In this way, the written artifact is subject to both the experience of the writer and the
reader and can never be experienced objectively in both directions. This is not dissimilar to theory of
design posited byNorman (2013) whi ch st ates that the designer 6.
artifacts that they design, and how these atsfan turn are interpreted by users is subject to their

own mental models of how the world ought to work, as depicted in Figure 2.

Design User's
Model Model
Designer User

N ¥

System

System
Image

Figure 2. Mental models (Norman, 2013, p. 32)

These two ment al model s (t hlwaysdkgs, iarg thereirsliés oerod t h e
the central challenges of design: to design artifacts that can be interpreted accurately by users who
themselves have their own narrative of how the world ought to work to create seamless and effective
user experien& This is an active process on the part of the designer and user, similar to how
interpretation of a text sometimes requires mental effort by the reader to relate to the written meaning
and the writersd own experience.

Sharples takes this process of esgien and interpretation one step further and asserts that writers
themselves interpret their own written word onc
understanding of their ideas shift once they interpret it on the written page. Inathighe act of

composing is essentially captured through cycles of writing, interpreting, and revising to approach a
state in which the written word on the page mor e
to be. This cycle closely resemblém tcycle of action and reflectiqischon, 1983; Valkenburg &

Dorst, 1998) where designers use their metacognitive abilities to refledesign activities while in
action. This type of #Aknowi rBchoni(1®83pwarkame design asta has L
reflective practice, where designers are especially sensitive to the effects of their actions amidst
designing and use this awareness (often in a tacit way) to dudde actions in uncertain and
ambiguous situations (as is common in design).

The last stage of writing that Sharples describes is revising, wherein the composed text is then
analyzed and modified to fit the goal of the writing task itself. Like designe lsea psychological

barrier inherent in revising text that has been painstakingly composed by the writer. This phenomenon

has been studied in design and takes the form of the Sunk Cost(Eiteeanathan & Linsey, 2013)

where designers are vetant to change their designs substantially, even in the face of evidence to the

15



contrary, because of the amount of resources (time, energy, emotion) sunk into the initial design. Even
if certain designs bear smaller costs to change (software code)mtitmmal investment into the

design itself poses significant barriers to changing directions or removing large portions of already
developed concepts. This is a challenging phase of the writing process, and Sharples notes that experts
are more competent aevising than novices: they revise more, and their revisions are better.
Similarly, studies exploring expert designer behavior show that expert designers iterate more and

reinterpret the problem and sol uti dborstc20¥®c ur r ent

Expert designers are also able to use more complex reasoning about design at higher levels of
abstraction, which helps them transform declarative knowledge into procddwaledge for
recognizing solutions, resulting in better outcomes at the end of the process of itfgkdédzon &
Soloway, 1985; Akin, 990) The value of revising based on interpretation, called recursion by
Sharples, is realized through the generation of new ideas that often are better aligned with theemr 6 s
goals. Indeed, the value of critique in design has long been recodfasthntino, 2015jor its

ability to help guide design decisions while they are being made and can enhance design education.
All the steps in the writing process that Sharples described are framed as the foreground for the

backdrop of the writerds owmhiper poonalksatt Nalmet

behaviors and attitudes about writing can play a significant role in their process of writing. Factors
such as personality traits can affect writerso
create probleme behavior in writers, such as procrastination and fear of failure. These behaviors are
very familiar to de signers who face a similar apprehension about rejection of ideas that they have
invested time and effort in. The impact of biases such as Ovpd&s have been studied in design,

and research has shown that (Cooper and Lucas, 2006) designers place more value on their ideas over
the ideas of others, and this can have negative effects on objective dewsiog in desigr(Toh,
Strohmetz, & Miller, 2016) Other similar themes are found throughout the engineering design
literature, with studies exploring the impacts of personal attributes such as persondaifyl dfai&

Miller, 2016), cognitive style(Buffinton, Jablokow, & Martin, 2002)and seHefficacy (Starkey,

Hunter, & Miller, 2018)on designer behavior and outcomes. Both writing and designing share a core
trait of requiring a desigmeto put substantial investments into endeavors that have inherently
uncertain outcomes, risking rejection and failure. These are vulnerable acts of creation that call upon
the writer or designer to trust in their ability to navigate the unstructuredgsredgéh courage. As
Sharples wrot e, iBeing a writer is, above all,
ability to (Shakpes, 90X p. rl26830 stao anust designers when faced with the
ambiguity and uncertainty of the design process.

5 Conclusions

This article presented a review of a book to claim that writing is a process of design and therefore
writers areipso factodesigners. The article reviewed the evidence behind this claim by presenting
empirical research in the field of design theory. The act of designing, like the act of writing, envisions
a future world that does not yet exist and reiffegt world in semiotic form.

While this paper focused on the research on writing as designing from a single book and its author,
new research has explored how a conceptualization of writing as design can be applied in areas as
di ver se as critivelwdtingd\fagssLittletan] Miedl, & dones, 200&8nd computational
creativity (Alvarado & Wiggins, 2018)An important and growing area of research is in multimodal
writing T to understand how visual design and imagusatvriting can be combined to communicate
meaning and achieve effects. New tools and form factors, such as multimedia smartphones, have
prompted research into visual and informational design of texts for multiple dékings Fortunati,

Goggin, Lim, & Li, 2020) All these strengthen a central claim of the book that writing and designing
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involve similar methods and cognitive skillslsd, regarding creative writing as a design activity can

extend perspectives for both fields and inform new ways to write for multiple media.

The paperé6s main thesis that wr i tingipso factoa pr oc
designers lead® ttwo implications. First, there is value in showing and teaching the commonalities of
writing and design. Theories from writing, such as narrative cognition, high and low focus thinking,
engagement and reflection, and the materiality of writing practiaasinform design thinking, and

theories from design such as primary generators, design spaces, visual balance, and design patterns
can inform writing. Skills such as ideation, brainstorming, storytelling, iteration, prototyping,
reflection and revising wterpin both practices. The challenge in design education will be to show
students how these theories and practices mesh together (or not) to support the differing fields of
creative writing, engineering design, product design, and software design.

Second,current research in storytelling in creative writing offers new directions for research in the

field of design. Design thinking already embraces storytelling to gain insight into users and to present

a prototype artefact. Storytelling in design could bpl@ed further to include shared stories about

the design process, storytelling as design, and the rhetoric of storytelling in (&tsgenson, n.d

Suleman, 2017)One contribution of such research would be to explore whether storytelling in design

is a subtractive process (it gets to the essence of the design), an expansive process (it embellishes
designs with stories of possible use) or agheti ¢ a | process (it persuades |
al | three. Perhaps this heralds a new field of
design) where powerful emerging tools such as Wu Dao (Rdmero, 2021)allow creative

exploration of narrative and visual design.

Through our analysis, we made the case that designing (or design thinking) forms the building blocks

of the intentional creation of cultural artifacts, gemdvide a foundation for understanding how, like
mathematics, the design discipline can position itself as a central language for creative and generative
disciplines. If all forms of communication modes such as language, mathematics, visual art, and, more
broadly, semiotics, are all forms of design itself, it becomes possible to cast many disciplines as a
form of design. Doing so does not make everything a practice of design. Rather, to view other
practices as akin to the practice of design suggests thabdight processes and methods of design

should, rightly, be construed as uniquely valuable. In other words, design thinking is as distinct and
valuable as other established modes of thinking such as critical thinking, scientific thinking, and
systems thiking, to name a few and yes, writing. Rather than devaluing design thinking because of

the ubiquity of its application, our position elevates design thinking as a unique and powerful mode of
thinking that can be utilized by many disciplines (such aatie® writing) in the same way that
mathematics is regarded as a central language in science, engineering, economics, and many other
disciplines and practices.

For centuries, the purpose of the acadoemblec essay
students to expand a thesis, challenge assumptions, clarify arguments, exercise critical judgment, and
examine multiple perspectives (seey., Fitzgerald (1994) Writing thinking is at the core of

intellectual lifeinsomeof he great traditional uni versities. P
|l ess fashionabl e, it has been replaced by apply
thinking has become core to intellectual life because the cognitive skillsraoelsses associated with

it are core to being human.
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Appendix: Interview with Mike Sharples

We provided Mike Sharples with a draft of this paper in preparation for this interview. The following
are questions posed to Sharples andyipiewritten responses.

ASince the publ Hawave wrdenvhat iew nesearah stiergthdos or weakens the
claims you made about writing as creative design

Since publication oHow We Write new research has explored how a conceptualization of

writing as design can be applied in(Vassetas as div
al., 2008) and computational creativityAlvarado & Wiggins, 2018) An important and

growing area of research is in multimodal writingto understanchow visual design and

imaginative writing can be combined to communicate meaning and achieve effects. New tools

and form factors, such as multimedia smartphones, have prompted research into visual and
informational design of texts for multiple devicesrgjiet al., 2020). All these strengthen a

central claim of the book that writing and visual design involve similar cognitive processes.

Also, regarding creative writing as a design activity can extend perspectives for both fields and

inform new ways to wré for multiple media.

N"The key question raised by this Design Thinkincg

what exactly design means and how well it i's se
think that making the claim that writgy is (like) designing expands or sharpens the boundaries of
what it means to be a designer or the practice o

I think it illuminates design practice from a different angle, that of creative writing. It shows

how some central icgonnctelpitrsk isnugcbh aansd O&o6dpersi mary gen
applied in creative writing and so expands the boundaries of these concepts. The claim that

writing is (or can be) a design process may help to clarify what writing and visual design have

in common, and driz a search for cognitive processes, tools, and mediations that underpin

both practices.
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AiThe field of design has grown tremendously in
0desi gn itwhichnskstated id the name of the conferenceviaich this paper will be
presented. Why do you think it is that there is

I suggest there is the construct of owriting t
centuries, the purpose of the academic e¢says been to encouif@mge Owriti
enable students to expand a thesis, challenge assumptions, clarify arguments, exercise critical
judgment, and examine multiple perspectives ésgeFitzgerald (1994) Writing thinkingis

at the core of intell ectual |l ife in some of t he
thinking6 has become | ess fashi onabl e, it has k
more widely.

AGi ven that the c oristhatwriting s $ikie tdesignimg, whit regearahrwoutdo o k
you like the design thinking community to perform that would explore this relationship deeper, and
what would the contributions of such research be

| would love to see the design community explorengelling in more depth. If | were

authoringHow We Writenow, | would cover recent research into storytelliegg( Storr

(2020), including neurecognitive processes of storytelling, and the suggestion that language

evolved from storytelling, not the revergEerretti et al., 2017)If storytelling predates

language, then it can be seen as an early design prdlBdast storytellers were mime artists

and visual designers). Design thinking already embraces storytelling to gain insight into users

and to present a prototype artefact. | suggest this could be explored further to include shared

stories about the depi process, storytelling as design, and the rhetoric of storytelling in

design. Good starting points atevenson (n.d.and Suleman (2017)One contribution of

such research would be to explore whether storytelling in design is a subtractive process (it

gets to the essence of the design), an expansivesgr{itembellishes designs with stories of
possi bl e wuse) or a rhetorical process (it per s
Perhaps this heralds a new field of Anarrative
design) where powerful emergingols such as Wu Dao 2(®@omero, 2021 pllow creative

exploration of narrative and visual design.

ARnThere has been a tremendous amount of fthkebat e i
human abilities for language, which, as you state in the book, precede writing. Why do you think
that there has not been an equivalent debate about the origins of the cognitive skills needed to
design?290

There is some research into the evolution of tesign in early societies,g.,Moore (2011)

One obvious issue is that we can only study the evolution of design through the surviving
artefacts, such as arrow heads. | like the way that Moore has studied the experiences of
modernexperimental knappers to understand the design space and make assumptions about

tool design by hominin stoneworkers. Moore suggests that the physical constraints of materials
enforced boundaries on design spaces and influenced the emergence of desigm eogh

practice.

AExtrapolating from your <centr al claim that a w
better writers by teaching design skills? And, conversely, do you think we could educate better
designers by teaching writing skills?29d

I think it is valuable to show and teach the commonalities of writing and design. Theories from
writing, such as narrative cognition, high and low focus thinking, engagement and reflection,
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and the materiality of writing practices can inform design thinkargl theories from design

such as primary generators, design spaces, visual balance, and design patterns can inform
writing. Skills such as ideation, brainstorming, storytelling, iteration, prototyping, reflection
and revising underpin both practices. Tdleallenge is to show how these theories and
practices mesh together (or not) to support the differing fields of creative writing, engineering
design, product design, and software design.
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Abstract. This paper examines the shared semantics among diverse Design definitions to identify its semantic
core and discusses several dilemmas that make a clear boundary for defining Design difficult and multifaceted.
The research provides evidence that ther® dsverse understanding and usage of the term Design. However,
shared woregroups inherent in the definitions provide a family resemblance or bundles of interpredictable
attributes for a shared comprehension of Design. Furthermore, a thematic analyaisdrdive dilemmas,
including Complexity, Zeitgeist, Expertise, Identity, and Disciplinary Perspective, making defining Design
multifaceted. While activities and practice differ in diverse disciplines, the fundamental human capacity of
productive or desigthinking of determining a purposeful and meaningful (end) design (means) is shared among
diverse professional disciplinary practices.

Keywords: Definitions of Design, Design, Design Thinking, Semantic analysis

1 Introduction

In 1965, Tomas Maldonadd965)e x pr essed hi s concern about the me
that it Ahas been strangely corrupted by gener al
surrounding the definition of design thinking is propamal conflation within contemporary

definitions of Design. A definitional consensus of the terms design thinking and Design loses fidelity
through semantic creep hastened further with each invocation. The graphic designer questions when

an engineer charamizes themselves as a designer. The design engineer then disputes when the
organizational designers make similar claims. Tension ensues. Any meaningful expansion of the
frontier of Design ought to first ascertain those forces causing expansions andtworgraf its

boundaries. A valuable first step is redirecting attention currently focused on the dynamism of
Designds definitional edge to instead refocus oI
or among different definitions from diveradisciplines may provide increased clarity into the

universal characteristics of all forms of Design. However, the semantic categorization of the term
Design may not have a common feature among different disciplinary definitions. They instead have a
family resemblance as they are related to one another through overlapping several similarities and
connected in different way@Vittgenstein, 1953)The semantic categorization of a specific way of
acting or thinking into fADesignodo is wused in di
interpredictable attribute@Rosch & Mervis, 1975)Importantly, he consideration of what is design

must also examine the fuzzy peripheral boundaries that make it difficult to have a shared definition.

This research aims to spark a conversation about the meaning of Design and/lzesksire the

similarities and differeces between diverse definitions of Design?

The primary data set for this investigation is compiled from individuals with diverse disciplinary
backgrounds who have shared insights and perspectives on the parent domain of Design. These
seventyseven definitbns are based on all four orders of design, including graphic desigro(tesi,

architecture and engineering (secander), interaction design (thiakder), and organizational and
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business design (fourtrder) (Buchanan, 1992) The statements canvassed by authors, who
themselve may be practitioners, educators, historians, or scholars on Design, form the dataset to
analyze the core and peripheral of what Design is. This paper discusses the (1) characteristics shared
among diverse Design definitions and (2) the dilemmas pregewtear boundaries for defining
Design. This research contributes by explicating shared concepts and terms among diverse Design
definitions and discusses the various dilemmas of why establishing definitional boundaries for Design
is difficult. This paper lbses with insights and implications for design thinking, design research, and
design practice, emphasizing the need for clarifying the studied construct beyond the use of the
overarching term: Design.

2 Background

Since humans first fashioned stones itdols, Design has evolved in ways guaranteeing both the

shaping of its body of knowledge and its practices remain in flux. In sociology, Thomaq2Qit)

examined how disciplines structure shamgthciples, norms, and understanding into a paradigm.
However, Design evolves at a constant-paeadigmatic phase resisting the fixing of definitional
boundarieqVerganti,2009) Design contains many connotations and has been corrupted by general
usage(Maldonado, 1965; MoholNagy, 1969) It describes the primary characteristics of humans,

human attitudes, everyday activity, and professional prafitene@son & Dorst, 2009; MoholyNagy,

1969; Protzen & Harris, 2010Pesign practices are continuously evolving and expanding, and with

them, the definition and understandiofgdesign. Bruce Archdil965)e x pr es s e d , Al ... ] t
a wold-wide shift in emphasis from the sculptural to the technological. Ways have had to be found to
incorporate knowledge of ergonomics, cybernetics, marketing, and management science into design
thinking. o0 The design of h u steana emerged emtha getsonal n s wi
computing and information and communication technolodi@ard, Moran, & Newell, 1983;

Moggridge, 2007; Norman & Draper, 1988h business management, establishing organizations

based on specific design qualities resulted in innovation management appr@acrahammer &

Roth, 2021; Brown, 2009; Martin, 2009) However , eachradait mobal & dins
presents a new dilemma for fAtraditional 6 design
of inclusionary understandings of Design when compared against disciplinary definitions.

Laszl6 MoholyNagy (1969)e x pr essed that #fAthe designer must seEe
the immediate and the ultimate, at least in the biological sense. [Sh]e must anchor [her/]his special job

in the compl ex Wdstoldesigrresdaltie Designmesea@hens must see the core of
Design and its fuzzy periphery to place their findings and insights within the complex whole.
Therefore, the investigation presented in this paper examines diverse definitions of Desigmifio id

val uabl e shared characteristi cspefipharyni ng Desi gnods

3 Methodology

The research is designed to identify shared characteristics among different definitions of Design from
different designers, design scholamsearchers, and historians. We employed a systematic search to
identify and capture diverse Design definitions.

3.1 Data collection

We searched for Adesign is0 and A[FI RST NAME] [
Google and Google Scholar, to capture general, practitioner, and academic perspectives on the
definitions of Design. We furthermore examined several books by desigorsuad identify Design
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definitions to collect diverse perspectives from different fields. We collected over two hundred thirty
statements, examined each statement, and categorized them as either a definition or a description.
While discerning the textualataset, definitions were found to speak directly to requirements and
attributes of Design operations, whereas descriptions instead spoke to only a particular attribute,
property, effect, or result. Therefore, we included the definitions and excludedotiee detailed
descriptions. The resulting definition included sevesd#yen statements from individuals with diverse
disciplinary backgrounds, representing the four orders of déBigthanan, 1992)The sevenigeven
statements were included in this analysis.

3.1.1Sample bias and limitatn. A limitation of this research is the focus on definitions in the
English language, excluding a large amount of diverse cultural perspectives and semantic meaning.
Furthermore, the data sample incorporates selection bias as definitions were searched by
researchers selecting specific authors. The data sample also incorporates a gender, cultural, and
ethnicity bias of which there is no saéffentified data available.

3.1.2Table 2 outlines the diverse disciplinary backgrounds of definition authors, including a
categorization of the four orders of design as outlined by Buch@®8®) The limitation of this

paper is that it includes a limited number of definitions, which ar@muiding a complete picture of

the semantic meanings of Design.

Table 2. Categorization of the disciplinary background of definitions authors.

Disciplinary Background Count (person)  Order of Design
Design Education, Methodology, Resear 25 general
Engineering, Industrial, Product Design 18 second
Architecture, Interior, Urban Design 10 second

Business Design, Economics 8 fourth

Communication, Graphic Design 7 first

Electrical, StructuralEngineering 3 second

Computer Science, Interaction Design 4 third

Textile, Fashion Design 1 second
3

Others (Journalism, Psychology) n/a

3.2 Data analysis

The data was analyzed through three different analysis techniques. First, we employed the
software Leximancer to identify inherent concepts in the definitions. Leximancer allowed
investigating the qualitative data through unsupervised semantic mappiatucdldanguage to
map concepts inherent in the datagemith & Humphreys, 2006)The visualization of the
findings is presented iRigurel, and the identified main concepts are listedable3. Secondly,
we analyzed the defitons through a word count analysis to reveal shared words among the
different definitions.
Table 4 shows the shared word groups with the highestufgaqy (word count of six and higher).
Lastly, we analyzed the definitions and descriptions to identify emergent themes that make the
boundaries of Design challenging to defif@able 5 outlines the five emergent themes that are
discussed controversially in the various Design definitions.

4 Findings

The data analysis revealed several (1) concepts, (2) shared terms, and (3) themes of dilemmas inherent
in the Design definitions. This section first discusses the revealed concepts identified through
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unsupervised semantic mapping of natural language weiximancer. Secondly, the top shared terms

are outlined and discussed to provide a semantic core of the meaning of Design. Lastly, the identified
themes of dilemmas are summarized, explaining why the definition of Design has various fuzzy
boundaries.

4.1 Concepts inherent in the Design definitions

The semantic mapping of the natural language of the Design definitions revealed the inherent
concepts. Figure 1 shows the interconnected concepts within the diverse Design definitions.

class
art plan
choosing gcay
things
B
activit
distinct 4
design
world
process makes
4
A ﬂ \
goals

problem

Figure 1. Visual representation ofoncepts inherent in the Design definitiofe figure shows a visual
representation of the themes as a conceptual map from the Leximancer analysis of the design definitions. The
map shows three distinct main patterns: gigcess, problem, goals, makes, and world; (2) things, means,
distinct, class, and art; (3) activity and plan

A more detailed analysis revealed that design is conceptualized as outlih@boleér3. The inherent

themes in the design definitions are fAChanging
thirteen definitions conceptualize Design as changing situations and the wwtleerfore, Design is
conceptualized as #APl an Function, o6 fAAnalysis Pr
for a specific purpose, analysis process of a goal, problem, and solution, and making sense and giving
meaning to things. The themes ireth desi gn definitions also inclu
bringing about a specific change, APl anning Mak:

ASol ution Used. 0
The analysis revealed the different themes and main conceptions inherent irsite dinitions.
Table 3 shows that only seven and below definitions share semantic meaning, revealing that there is
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not a dominant conceptualizatioh@esign inherent in the diverse definitions. We further employed a
word group frequency analysis to reveal the most used words in the definitions of Design.

Table 3. Main concepts inherent in the definitions of Design (unsupehdsenantic analysisLeximancer)

Topic Freq. Concepts Example Definition
Changing World 7 World: change, changingiDesi gn i s really
materials, shape, thinking, wor |l d wi th an eye t
Plan Function 7 Function: plan, purpose i [ éDpsignfi]s a plan for arranging
specific el ements to accompl
Plan: purpose, specific
Purpose specific
Changing 5 Changing: class, situaton " The whol e c¢cl ass of
Situations situations, environmeni experienced environment is constan
means changing, but nevertheless the object m
Class: situation, situations, always be just as good a solution, or fit,
environment, mean: thest uati on. 0
Situation(s): situations,
environment, means
Making Meaning 5 Meaning: making, sense iThe etymol ogy of C
things, giving, means Latin de + signare and means maki
Making:  sense, things something, distinguishing it by sign, giving
giving it significance, designating its relation
Sense:  things, means other things, owners, users, or goBasedon
Things: giving this original meaning, one could say: desi
i s making sense [of
Analysis Process 4 Process: analysis, goals i T h premise is that designing is
problem, solutions combinatorial problersolving process ir
which analysis of a body of availab
information (which must first be collected)
used to generate candidate solutions to
problem, or to subproblems. Candide
solutions are copared and assessed, and
most appropriate so
Activity 4 Activity: bring, plan, iDesi gné is a funda
specific, change well as the name of a number of qu
specific profession
Planning, 4 Planning: making, meaning. ia parti cul ar pur p
Making means individual or group; deliberate, purposi
planning; a mental project or scheme
whi ch means to an e
Nature Design 4 ADesign is a cir catler
with the nature of man, with the nature
nature, with the laws of nature, with the rul
of [hu]l] man, and wit
Solution used 4 Solutions: used, analysis i Desi gn i-apswen situatior, tam
problem analysis is used to reach an end, not for

Used:analysis, problem

own sake. o

4.2 Shared words among the Design definitions
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The word frequency analysis revealed shared terms (word groups) among the different definitions.

Table4 shows the word groups with a word count of six or higher.

Table 4. Word frequency analysis of the definitions of Design

Word Count  Similar Words

design 153 design designating, designed, designer, designers, designing, de
making 22 make, makes, making

plan 21 plan, planning, plans

process 19 process, processes

things 15 thing, things, thingsé
using 15 use, used, useful, usefulness, using

arts 15 art, arts

new 14 new

purpose 14 purpose, purposeful, purposes, purposive
human 14 human, humanities

problem 14 problem, problems

products 13 product, production, productive, products
action 12 action, actions, act, acts

industrial 11 industrial, industriallyjndustry

situations 11 situate, situation, situations

forms 11 form, forming, forms

activity 10 activities, activity

change 10 change, changed, changes, changing
function 10 function, functional, functionality, functions
way 10 way, ways

world 10 world

materials 9 material, materials

solutions 9 solution, solutions

means 9 meaning, means

objects 9 object, objects

nature 8 naturally, nature

specific 8 specific, specification

creating 7 create, creates, creating

needs 7 need, needs

technology 7 technological, technologies, technology
language 6 language

order 6 order, orderly

sense 6 sense, senseb

solving 6 solve, solving

towards 6 toward, towards

living 6 live, lives, living

creative 6 creative

people 6 people

something 6 something

The mo st shared t er ms ar e Amaki ng,

incorporates the activity making sense and things. The plan stresses that designing is about the

0

Apl an, O

consideration of praction and making representationstioé designed (situated) artifact, while the

process highlights the semantic meaning that Design is a series of sequenced actions taken to achieve
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a particular end. However, there is not a clear conceptualization and shared terms among the design
definitions . For exampl e, Aimakingo is shared among
23.38%. For this reason, establishing the definitional boundaries of defining Design remains difficult.

4.3 Themes of boundary dilemmas

The thematic analysis of the dilemmaherent in the Design definitions and descriptions revealed
five themes, as shown ifable 5. These dilemmas explain why Design has fuzzy boundaries,
representing the peripheral of Design definitions.

Table 5. Identified main themes are preventing a clear definition of Design

Theme Codes Example Quote
Complexity Mystification [industrial design] is the only profession that becanr
Complex myth before it reached maturifilelson, 1965)
Zeitgeist Historical context Design is reflective of its social, historical, and regio
Cultural context culture of production. This is manifest in speci
cultural influences on the designéMicklethwaite,
2002)
Expertise Everyday design 060Designd is a fundament
Attitude the name of a number of quite specific professi
Profession (Lawsoné& Dorst, 2009)
Identity Not Art Design is a new liberal art of technological culture t
Not Science has t he capacity fito (

Combination of Art and Science knowledge from the arts and sciences alike, but in w
Distinct from Art and Science  that are suited to the problems and purposes of
presen{Buchanan, 1992)

Disciplinary Focus orfunction / fit Designing is not a search for the optimum solutior

Perspective Focus on aesthetics the given problem, but that it is an exploratory proct
Focus on communication The creative designer interprets the dedigef not as
Design as search a specification for a solution, but as a starting point
Design as exploration a journey of exploratio(Cross, 2011)

The first identified dilemma is thEomplexitydilemma. A clear conceptualization of design prevents

the flexibility, adaptability, and evolution inherent in the creative practice of Design. Designers and
design scholars avoid the ridged definition, which leads to the mythification of Design. Sintiarl
Zeitgeistdilemma produces fuzzy boundaries as Design depends on historical and cultural context and
is constantly evolving. Different technological possibilities and cultural values at specific points in
time and place influence and determine thsigh practices. Further complexity is that Design is both

an everyday activity and a professional practice, making the boundaries to define Design fuzzy. This
complexity is theExpertise dilemmaof who designs. Another theme is the Identity dilemma.
Designers and design scholars debate that Design is neither Art nor Science or a combination of both.
Related to this theme is tHeisciplinary Perspectivadilemma. The rational technical disciplines
emphasize process, function, and goal orientation, whilbuh®anistic artistic disciplines emphasize
exploration, culture, aesthetics, and needs. These different dilemmas produce a fuzzy boundary for
defining Design.

5 Discussion: What is Design?
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The investigation of the semantic core and peripheral of diversgrdsfinitions revealed diverse
conceptualizations within the definitions. Therefore, we are using a metaphor for visualizing the
findings through a method used to measure peripheral vision to illustrate the semantic core and
peripheral of Design definitits, as illustrated ifigure2.

The semantic core incorporates the shared words, such as making, plan, and process, and the
peripheral is represented by the dilemmas that make it challenging to define a clear boundary for
defining Design.
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Figure 2. A visual metaphor for the core and the peripheral of the definition of Design. Thegveands are

listed according to their frequency, as shown in

Tabled. The word groups with a higher frequency represe
the themes that prevent a clear definition of Design

5.1 The Core: Shared conceptualization of Design

We interpreted the central conceptualization and shared keywords, which allowed explicating a
semantic core of meaning and definition of Design. The first aspect indicates that Design is a set of
specific dactivities, 6 aspécisthat désigring thcoporabep varoase s s . 0
embodied cognitive acti vinmakeisng,sbucamad s6ipd gorbd fefimh e
activities have the aim to establish énewd and
not emdé66by itself but a O6means to an endd to s
groups do not provide a general definition. However, they provide the corresponding bundles of
interpredictable attribute@Rosch & Mervis, 1975)These attributes span epistemological (ways of

knowing) boundaries and capture the fundamental embodied human cognitive activity and practice of
Design.

5.1.1 Activity, way, and proces#t the core, design is an activity, way, apibcess, representing

different ways of designerly knowin@Cross, 1982) Tom8s Mal donado expr esse
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design is a creative activity whose aim is to determine the formal qualities of objects produced by
i nduévergamtip2009) It i s a figener éolisechenidt &Portarn280d)chis mat i v e

fgenerative activity is about creating ordero (
grounded in a pragmatist epistemolo@@ewey, 1938) Design also incorporates a specific way of

|l ooking at the worl d. A D] esign is really a way
ito (Warren Berger). Al t sidos (aMiwahya edf Vcarnedaetribrnyg )a i
about 6defining a sensible way of buildingdd (Ov
is inherent in an experiential and constructivist epistemo(@gyheim, 2004; Piaget, 1981)astly,

the process view of Design isded on a structuralist epistemold®elz, 1922; Wallas, 1926) A[ I ]t i s

about the process ofGorh &Dumdsngd7)i didasiigmt @ sr ¢ bolei cy @
t hrough which we employ tools andOwepdid®8 age t o in
5.1.2 Diverse activities.Design incorporates creativity, planning, forming, crafting, making

meaning, sensma ki n g, creating order, analyzing, and s
thinking process of delivering innovaplannpni §&0hr
(Ken Friedman & Erik Stolterman). 't Ai s a matt

constituent part s (Dewey, Baydston, &gMcDermott h20a8) o [ W] her e
craftsmanship joined withtechmolgy t hr ough t he use of designdo (FI
i s maki ng s eKdgppendprf§,f2008) h il t g sfiljicss not about an aest./

solvingd (Robby Johnston). D elisdicgpnitiva actiwities (designat e s n
thinking) and actions (design practices) in generating change.

5.1.3 New and purposeful chang&.hi s change is new and purposefu
choices, not just choosing frdm tHilihemgscetmhatal alcr
Design is Othe concepti o(Cross reB2)r @ d| iissatfiao nploafn nfe
el ements to accomplish a particul ar purposeo (F
fides i g n ntiors pugase, plan tanel that good design is therefore by inference, where such plan

has been well conceived, wel I(Moggrndge; 2007¢Sdich neavnd o f

and purposeful change is an end accomplished by a means.
5.1.4 A means to an enfdesign is a means, including technology, objects, and things, to establish an

end for the I|iving worl d. iTo design is to plan
short, it embraces all means of opposing disorder and accident. Therefore, it signifies a human need

and qualifies [hu] mandalsbetrhsi)n k ifinDge sai ngdn diosi ntghoe (rJeoss
(McKim, 1959) It i s also fAa ment al project or scheme

(Collegiate Dictionary as cited in Goldschmidt, 2Q14hderlying any design outcome (means) is a

purpose motivating and leading designers, which cande tl e si gner s 6-ceotavad) one e d s |
tensions in the environment 0 factualizet)@mteitn, 2008;e d s f e
Auernhammer & Roth, forthcoming)

5.2 The Peripheral: Fuzzy boundaries of defining Design

Clear boundaries of the meaning of Design are complex because of various dilemmas. Designers are
reluctant to set clear boundariesavoid limiting the creative practice, design is cortipendent

and constantly evolving, and design is a fundamental human activity enacted by all people. This
primary activity is inherent in both Science and the Arts, making it hard to distingdisimitooth.
Furthermore, different disciplines have cultivated their defined design paradigm. These dilemmas
make it difficult to define a clear boundary of what design is.

5.2.1 Complexity dilemmaThe first dilemma of establishing a universal definition Besignis the
complexity dilemma. Designers and design scholars avoid providing clarity on the definition of
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Design to avoid | imiting designersd creativity
mythification of Design. Nelsofl965)e x pr essed that A[industri al des|
became a myth before it reached matuiity. Ho we v e r , Afdesigning is not a
it i s ¢(Coopsp20&lx 0ADesigning is a complex and intri
technological, social and economic requirements, biological necessities, and the psychophysical
effectsofmat eri al s, shape, col or, vol (Mowly-Nagml®69s pac e :
Because designing requires considering these diverse aspects, no single explanation and process
incorporate all aspects.

5.2.2 Zeitgeist dilemm&esign is also temporal contedépendent, and the artificial and cultural

context is constantly evolving. New technology and cultural values produce new design activities and
possibilities. Designers and design scholars constantly integrate new appromehemnd their

creative practice. It changes with new technological possibilities. Qv@®8) expressed this as

foll ows: AfDesign is the creation process throug
artifacts and institutions. As soci eotvgsthioege ev ol v
changing cultural values and emerging needs bas:¢

of its social, historical, and regional culture of production. This is manifest in specific cultural

i nfl uences dNicklethwaite, 2602)i grneni d ar | vy, Hor st Rittel er
directed towards a parti cul a(Protzen & Haaris, 20d®Thus,hi ¢ h i
design is a continuously evolving practice as newly designed technologies provide new possibilities

and produce new emergent needs.

5.2.3 Expertise dilemmaDesign is a professioand everyday activity and attitugeawson, 2006;

Lawson & Dorst, 2009; MoholNagy, 1969) This expertise dilemma exists because of the fuzziness

of who designs. Lawsof2006)e x pr essed t hi s par adsigrnismolclehrysi gn as

highly professional activity for some peopl e, [ €
al | do. 6 The discourse on who designs makes it
example, MoholyNagy (1969)e x pr essed t hat ifiDesigning is not

A[ D] esiigen tios ablals (Papareky 19a3Buch an attitudécan be learned and enacted

by everyone. Another argumentefs tbate@abg@aegsas ask
Dumas, 1987)However, Crosf2011)e x pr essed t hat feveryone can d:¢
exercise very developed forms of certain tacit, desgied cognitive skils . 6 Thi s di scour s
spectrum of design from everyday designing to professional design for specific domains. Like Design,
creativity is defined within the spectrum of everyday creativity and cutfoamging creativity, the

capital C creativitKaufman & Beghetto, 2009)nderlining professional design is the development

of specific cognitive skills and attitudes, i.e., creativity, which is combined with despaicific

knowledge of a specific dasmn, such as architecture (environment and buildings) or industrial design

and engineering (products). Amabi(#996) discusses the same attributes of cognitive processes,
domainspecific knowledge, and motivation in general creativiiypom this perspective, creative or

design thinking of converting parts to a coherent whole is the shared denominator among everyday
design activities and diverse professional design disciplines with despaaific knowhow.

5.2.4 Identity dilemmaDesignersand design scholars distinguish Design from Art and Science as

either a combination of both, or a distinct paradigm. This dilemma generates fuzziness in defining
Design. Schol ars expressed t hat (Midletsvaitg,r2002)s t he
While others emphasized that W@Adesign should not
should be a separate discipline other than engineeg  a r{kahtz, 201%) Similarly, Lawson &
Dorst(2009)e x pr e s sdeeds itgmati si al ways to some extent grou
functional ; it does not need to make O6sense. 00
fDesibea opposite of t he t r a@erof 1990 HoWweves Dasignnis i f i c
inherent in Science and Art. The scientist designs the scientific experiment to generate new
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knowledge that brings about changes in the scientific discourse, while the artist generates and conveys
new meaning through fAndesignedo artifacts. From &
to satisfy needs before they produced art or deyv
look at it in this broad sense, one of the primary chiaretics of the human race. It is the foundation

of our adaptivity that we can learn about situations and plan for them in the future. It is the foundation

of civilizat i o(Protzero& Haraig, 2010 ronf thissperspective, &b and Science are

the offspring of Design as both inherent the human activity of designing. Design is fundamental in all
human activity. This identity dilemma makes it impossible to definke@ boundary of what design

is.

5.2.5 Disciplinary-perspective dilemmd&esi gn i s fAto oO0contrive for a i
property of engineer s, architect s, (Dregfass, d95%)i si ng
Design includes material objects, verbal and visual communication, organized adivitissrvices,

and complex systems or environments for living, playing, working, and leagBunchanan, 1990)

Each discipline produced its predisposed perspective on Design. The discipénspgctive inherent

in visual and graphic design is the focus on communicafiop.Vi s u a | D] esign is ¢
finding the representation best suite@ulét& t he <c
Sano, 1995) Service design focuses on fAintangi bl e e
different touchp o i nt s, and t haMoghragep2007)She perspactive inhenendin

more technical rati onal di sciplines emphaeaesi zes f
some <critical p r(Mocne 2008 In this pefspeaticet aesthetics serves as a

support for the performance of the procedure and function. In contrast, the humanistic perspective
focuses on human values, such as erd@kKins 1959 Desi gn
Ailt is the making of pl arPsotzen®& Harfsa2pl®) tilDe swagml d st
central factor of innovative humanizaticof technologies and the crucial factor of cultural and
economi ¢ (&SID lasaciteg & &/erganti, 2009Anothe perspective is market orientation.

Carl otta des BeviNowadayy evenemarkerierdsed eothpanyhastundérstood

that design is an advantage. As a result, all companies can use it. Design is not only a way to give a
nice form, but it sbul d rather anticipate (Vagant,e2009),In pr opos
organi zational desi gn, design is seen (Bustonfit he di
Obel, & Hakonsson, 2015)n this perspective, design matches internal to external environments.

Each discipline has its own perspective that makes it impossible to set clear boundaries of the
meaning of Design.

(
)

6 Conclusion and implications

The research presented in this paper explicated that the definition of Design is viewed from diverse
perspectives. While shared words provide a family resemblance among different epistemological and
disciplinay perspectives, it does not clarify what design is. The identified shared conceptualizations

and boundary dilemmas have several implications for design thinking, research, and practice.

6.1 Implications for Design Thinking

The debate of definitions on the Aspotativé orc cor e
design thinking, the embodied cognitive activity of determining a meaningful or purposeful means

within a specific situationyiewed from diversepistemological perspectivéBewey, 1938; Duncker,

1945; Eastman, 1970; McKim, 1980; Schoén, 1963; SE®22; Wertheimer, 1945)This human

embodied cognitive activity of planning, forming, crafting, making meaning, sense, and order, and
amalyzing and solving problems brings new and purposeful change to situations and theSwanld.
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design thinking incorporates productive thought processes to make sense, meaning, and order of ill
defined and ilistructured design problems and situatiddsiernhammer & Roth, forthcoming;
Goldschmidt, 2014; Wertheimer, 19459) requires many embodied productive thought processes
incorporating various perceptual, cognitive, and physical activities, including analyzing situations and
reorganizing parts into a new whdkeaste, 1994; Goldschmidt & Porter, 2004; McKim, 1980; Purcell

& Gero, 1998; Rowe, 1987; Suwa & Tversky, 1996; Tversky, 2089¢h productive thinking can be

an everyday activity as well as employed to solve open and complex problems, which requires diverse
domainspecific knowledge. For example, productive thinking is part of designing scientific
experiments (means) to colleahd analyze data to advance the scientific body of knowledge (end)
and generate an artwork (means) for the sole purpose of conveying meaning (end). It is inherent in
designing illustrations, technology, spaces, and organizations (means) that empoweiiméuogl

lives (end). This fundamental embodied cognitive activity of productive or creative thinking allows
making sense of the world by designing it.

6.2 Implications for Design Research

This semantic analysis identified and discussed several bourittanyths of defining Design. These

dilemmas have several implications for research. Research requires to construct clarity as otherwise
examination and comparability are unfruitful. Re
epistemological andisciplinary perspective will result in blurry vision. We recommend that design
researchers empl oyn amisntgnamingdggcribesehe acaitiés, pfocesses,

and ways of |l ooking at the worl d \wdirteXamplet refe
researchers can refer to a specific professional practice to avoid the expert dilemma, outline their
epistemological perspective to overcome the debate on the disciplinary perspective dilemma, and
outline the specific context in which theyaexni ne fAdesi gno t o overcome t he
a strategy will help to demystify Design. Furthermore, future research should advance this preliminary
study by investigating a broader spectrum of Design definitions to incorporate a greater dofersity

diverse perspectives. Such investigation can identify additional boundary dilemmas and a more
comprehensive understanding of the essential semantic meaning of Design, providing further clarity.

6.3 Implications for Design Practice

The research outlined ithis paper has several implications for practice. Design is a fundamental
human activity in which professional designers bring unique abilities and d@pedific knowledge
relevant for finding and solving specific problems and making sense in spetifitians. Such
practices will continuously advance with new emerging needs and challenges, new technological
possibilities, and evolving cultural values. The disciplinary design practices developed over the last
centuries may not serve as the necessamgneéo solve emergent challenges of limited resources,

pollution, and soci al i nequity. Therefore, t her
practices and education programs to enable a culture of design in which many people contribute to
bringing about new and purposeful change. Otl Aicfi®91)e x pr es s e d h transbeadst : fi de

theory and practice and not only opens up a hew
new insights, new ways can be found to enact, professionalize, and advance the practices of design
and its semantic meaning.
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What counts as design? No one right answer
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Abstract. What designsr emai ns controversial. Vi ews are shaped b
depend both on the particular design disciplines they practise or study, and on the concerns and the theoretical

and methodological concepts and tools ofitttellectual disciplines they bring to looking at design. This paper

looks at just how different some alternative views are and argues that the different types of design are too
diverse to make agreeing on a crisp definition of design a feasible emefpstead, we should accept that

design is a family resemblance concept, and that different and seemingly contradictory views on what design is,

can be valid. What follows from this is that we should focus edssplinary studies on understanding the

patterns of similarity and difference that connect different design fields, but do not apply to all types of design.
Moreover, we should treat knowledge generation and prebkeming activities as legitimate and important

parts of design.

Keywords. Compaative design research, definition of design, design practice, design process.

1 Introduction: The word O0designé and the go;

The meanings of the terms o6deciigmporatnantddtesi gmi m
sense ofvho they ard have been the subject of decades of repetitive and seemingly endless debate

(see Blackler et al., 2021). Can we end it, or f
has no one right definition and consider what follows ftbat.

In design research what is included in the ter
di fferent angl es. The first i s AEverything that

this perspective, design is the process of crggilans for new artefacts or systems and may involve
activities that in themselves would not be considered as design. The alternative view is to consider
design as a distinct kind of human activity, restricted to the unique designerly activities involved i

the process of designing (see Cross, 2006). As the call for the DTRS symposium states there has been
an fexpansion of what is understood as design (
professionals from different disciplines are seen asiidkced i n t he term designbo
recognition that many fields not traditionally considered design disciplines address problems that
resemble design problems and require methods used by designers; regarding them as design requires a
broader viewof what might constitute a designed artefact. Another view would be that the scope of
design is defined by the distinctive knowledge possessedeligners andcevidenced by their
gualifications and participation in professional communities. Participatesigd approaches have

38


mailto:claudia.eckert@open.ac.uk
mailto:Chris.McMahon@bristol.ac.uk
mailto:mstacey@dmu.ac.uk

increasingly involved users and other lay people in the design priodessome, this is as much an
attempt to democratise the act of creation as an effort to get the user requirements right (see Luck,
2018). This would imply thatebsign cannot be characterised by the knowledge a designer possesses.
Over the last 60 years or so, design as a field of research and education has worked on establishing
itself as an academic discipline. This has included attempting to define key distiestand
properties that all design processes share. However, this has proved difficult. To illustrate some of the
difficulties, this paper draws on our studies of two industries: diesel engine design as a representative
of traditional incremental engaering design, and sustainable fashion as example of an artistic craft
based domain. Both illustrate that design processes comprise many activities that would not
intuitively be thought of as design, but, depending on the scale of the process, areocdrbgd
designers. This raises the question whether these activities count as design and need to be included in
the characterisations of design and be supported by generally applicable design methods. This paper
argues that instead of trying to charactedgsign by what is common across all design activities, we
should embrace difference between design processes to understand the rich phenomenon of design. It
might therefore be more fruitful to think of design as a family resemblance concept, in the
Wittgensteinian sense, where two instances do not necessary share common features, but collectively
all the instances covered by the term provide a rich and coherent picture. Only by taking a rich and
inclusive view of design in this way can design researckldpwthe nuanced support for designing in
different situations that designers need in practice.

In recent years design research has pursued different goals. One aim of design research is to develop
ways to support designers in their activities. To ds, tive have to acknowledge that designers may
spend only a fraction of their time designing, while also engaging in other adefadbpment

related activities or working with people who engage in other activities related to the design of
artefacts. Anotlr aim of design research over recent years has been to find what is common across
different traditional fields of design, despite huge variations between different design domains. Other
researchers see design as a means to transforming our society asdriowhat design should
achieve, rather than what design is.

Regardless of the perspective in trying to understand design it is necessary to look both at the varied
practices of design and at many different design processes. The practice might wigdirbet diom

the rhetoric by which different domains present themselves; in this regard the rhetoric may not be
helpful. Design domains with an origin in applied arts and crafts, such as graphic design or fashion
design, often emphasise the creative aspédheir practice, in fact the designers often refer to
themselves as ficreativeso. By contrast, the disc
performance, cost, quality, safety, and reliability combined with focused innovation. Desidtheas w
strong user involvement, such as in architecture or service design, often focus-oentreal aspects

of design.

In section 2 we note the multiplicity of definitions of design and designing that have been proposed,
and then introduce in broad terresme perspectives on design that illustrate the rich insights that
have been arrived at by a wide range of design researchers. After a brief discussion of our empirical
methodology in section 3, section 4 argues, drawing on our own case studies anehespefi

design, that synthesis, which is often thought of as the essence of design, is in practice remarkably
elusive and that many designers carry out many important activities that have very little to do with
creating new things, although they are arepsal part of their work. Section 5 looks at how the
boundaries of what we consider as design varies in different contexts. Section 6 argues that design is
in fact afamily resemblance conceahd that what matters for something to count as design is ofte
whether those who undertake the activity think of it as deSigotion 7 draws out some implications

for how we understand and use the concept of design. Section 8 concludes with a recommendation to
action: to recognise and advertise the centralityesighing of analysis and knowledge generation
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activities and the people who do them; and to focus comparative design research on the patterns of
similarities and differences between design in different fields.

2 Perspectives on design

Designi as the words used in ordinary English has fuzzy boundaries, which raises the question
what should or should not be included in design. Typically, solving well defined problems, for
example through the use of mathematical equations, would not be thought ofgas Hesvever,
mathematics plays a very important role in many design processes and unsolved mathematical
problems can be approached in a designerly way. Many people associate design with creating
somehing new and thereby focus on the synthesis aspect of desighimngughout the history of

design research, the academic literature on design also offered a multitude of different complementary
perspectives on desigwhich all capture important aspects of matesign situations and problems,

but do not fit others. Each perspective brings out facets of design that are extremely important in some
fields, but much less so in others. The variety of perspectives is such that we hesitate to try to
summarise them ia single short paper, so what follows here are only a few illustrative viewpoints;
however, they are influential, and strongly flavour views of what dasighithough we observe that

while research about the generic aspects of design processes acrdgferaiit domains still
continues €.g., Daly, 2008; Reymen et al., 2006), the differences between design processes in
different domains are however much less researched (Stacey & Eckert, 2010).

Herbert Simon called his welinown book on humamade sy# ms A Sci ences of the
distinguishes science, as concerned with what is, from technology, which is concerned with how

things ought to be. He defined design as Ato di
situations into preferredoe s 6 ( Si mo n, 1969/ 1996) . Even after o
concept of design remains remarkable sl ippery. F
Design Method$1970) listed a remarkably diverse collection of definitionspieot e fiTher e se

to be as many kinds of design process as there
Writing about discussions on definitions of design over 20 years in a large email forum, Blackler et al.

(2021), wr ot e isddubse arpund relevantgérspactivesn design, the list discussions

are and have been repetitive, with no significant progress made towards a consolidated definition of
designo. The multiplicity of viewsers addseei gnbe
everyday language. As noted by the system theorist Peter Checkland (discussing the related

di fficulties in defining the term fAsystemso) it
which i s separate fr omre&uzzeasy dsull of thaermgreflective usein t er m

everyday chato (Checkland, 1999).

2.1 The emerging field of design

With the recognition that design as a professional activity shapes our world, it has been a subject of
study for centuries, but it was in ti®50s and 60s that research into a theoretical understanding of
the topic, and into methods and tools and other supports for design activities, really began to take off.
From these early days, design was studied from a wide range of perspectivessegitbhers coming

from architecture, engineering, the applied arts, planning, computer science and other disciplines, and
this has led to a multiplicity of views on the nature of design. The researchers came from different
backgrounds and worked with difent types of artefact. For example, the highly influential work by
Pahl and Beitz (1977) came from huge experience with building specialist manufacturing equipment,
that transforms inputs using a series of machines and machine elements, but is lesgedeib s

highly integrated, complex and incrementally developed products like jet engines. Early theoretical
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work on design has been strongly influenced by architectural design, for example in the work of Jones
(1970), Schén (1983), or Akin (1986).

2.2 The rhetoric of design

The early research spawned a new emphasis on des:s
Moul t on Report on engineering design education,
throughdo courses (&Mout eaohi d97p)opgradmdy, nsuch &
Design and Innovation programme in the 1980s, supported by readers (such as Roy & Weald, 1986).
A view of design that has emerged quite strongly in the 21st century, especially in public discourse,
has been the association of design with creatiuvi

Review of Creativity in Business (UK Governmendi
creativity and innovation. It shapes ideas to become prheatithattractive propositions for users or

customer s. Design may be described as creativit
Counci |l has in recent years particularly highli

economy (DesigrCouncil, 2018). The term was borrowed from the economist Richard E. Caves
(2000), who used it to describe the subject matter of a study of the social and economic organisation

of the production and marketing of art, focusing on the contractual relatisriséiyween artists and

the commerci al operations that act as facilita
industriesdé included traditional design fields ¢
product design, graphic design, fashion, as well as the creation of cultural artefacts such as
advertisements, media, music, visual arts and books. This excluded engineering and much of software

design because they have different economic models.

2.3 Design as/versus structured problem giolg

In engineering there was a significant emphasis on the search for systematic, generally applicable
approaches. Early engineering design theories, like the Theory of Technical Systems (Hubka & Eder,
1988) or Domain Theory (Andreasen, 1980), focussedswucturing products, relating design
elements and their mapping to physical parts, and on the activities associated with their creation. Later
theories like Axiomatic Design (Suh, 1980) also emphasised relationships between function and
structure, advaating an alternation between the functional domain (derived from the customer needs)
and the physical domain, but also placed a strong emphasis on the identification of axioms that were
universally applicable such as the need to maintain the independeiuwcetmnal principles. These
approaches embody a view of design focusing on how decisions about what a product should do
affect its structure and decisions about the emb
George Hazelrigg (1998) put forwaadview of engineering design as an application of mathematical
decision theory, comprising a series of choices between alternatives that can be rationallyTdigited.
sequence of decisions may affect the result, and some decisions may need to beomeateently
(Mistree et al., 1993). However, finding an optimal solution is rarely possiblEhdrSciences of the
Artificial, HerbertSimon (1969/1996) argued for seeihgsign as a rational problessolving process
applied to iltdefined problems, wherdesigners act with bounded rationality (Simon, 1957). That is,

the designers act rationally within the resource limitations of time and mental capacity that restrict
their ability to gather information, explore problems and define optimal solutionsegcsatisfice

settle for a satisfactory solution.

Design is not necessarily a structured andpta@nedprocess buis often an interactive engagement
with the emerging design. Many analyses of dec:c
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(1962) vew of engineering design as a cycle of problem formulation, synthesis, and evaluation. Dorst

and Cross (2001) point to the-ewolution of problem and solution.

In The Reflective Practitone®@onal d Sch°n (198 39 convesshtibrevdthhi® hi s pr
situatonnwher e designers engage in two different kin
somet hing, and fAseeing aso, i . e., interpreting \
designers as engaging in a process involWiagning in which elements of the task are identified,

Framing, in which elements of the situation are picked out and connected to construct the problem to

be solvedMoving in which the design is advanced within the current frame Rafigcting in which

the degyn is evaluated before the next cycle begins. (The view is quite widespread that the Schon

view is radically in conflict with the desigasproblemsolving view of Simon and followers,
stemming from Sch°nés own cr i tflectsaenisimdrpretationnal n . We
Simon stemming from a lack of understandingTbe Sciences of thértificiald s r adi c al abst
away from a sophisticated understanding of the psychology of predgiimg; see Chua, 2009, who

points out that the third edition of 1996 emphasises more the fluidity of design reasoning.)

Hor st Rittel intcakedcpdobhemddéea oheald&wiDs. Ritt
state: AThe formulation of a wicked problem is t
and of conceiving a solution (or-sdlution) are identical, since every specification of trabjam is a

speci fication of the direction in which a treatr

town planning, where problems are unique and have no definitive formulation or right answer or even
clear endpoints, solutions cannot be tésiad are irreversible, so the designers have one chance to
get it right, and any change has serious consequences. Many later researchers and practitioners have

vi ewed al l design problems as Oindetermjandat ed ar
systems engineering, not true of much of engineering, and absurd for fashion or knitwear or most of
the 6écreative industrieso. Buchanan (1992) i nfl
arguments to any particular industry or type of designHe sees design as thus in fundamental
contrast to science, whi ch doesndot deal with ra

problems canb6t be clearly f or-solvihgptomdureahadgairsed bj ect
a lot of curency.

2.4 Usercentred views of designing

Entirely different views of what designing involves emerge from fields and situations where the hard
challenges come from understanding and meeting complex ardbw@us human needs. The term
6desi gn t bhome toirefegtd a padicllar view and set of techniques for tackling design
problems, especially when applied in fields not
puts the interaction with users and figuring out user needs at the cerdesigh activities, and

thereby deemphasises the technical challenges in building complex systems. In his article with this
title, Brown (2008) describes designing as an iteration between three pilkpsation, Ideationand
Implementationwith an enmphasis on finding needs and opportunities and engaging with normal and
extreme users throughout the process. The d.school at Stanford developed this into five phases
(Plattner et al. 2009EmpathizeDefineg Ideate Prototype Test

In software developmenusercentred design, organizing the design process around procedures and
techniques for understanding user needs, predates the design thinking movement. Participatory design
(Sanders et al., 2010), which is also closely related to cooperative desigo-éesign (Sanders &
Stappers, 2008), goes back to the 1970s. It advocates bringing the user as an active participant into the
design process including the generation of new ideas. Being part of the creation process also increases
the willingness of user® accept the eventual resuiarticipatory design deemphasises the technical
aspects of design, which designers carry out almost behind the scenes.
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Products however rarely act in isolation but are embedded in user processes with other products. The
design of ProducService Systems (Baines et al., 2007) emphasises that the service provided depends
on the characteristics of the product or system that enable sqmogesion andinvolves the
concurrent design of products and services. According to Kdht0 ORISY is a $iystem of products,
services, supporting networks and supporting infrastructure that is designed to be competitive, satisfy
customersd needs and have a | ower enwi.ronment al

2.5 The granularity of vievs on design

Many of the differences in the perspectives on design arise from differences in the granularity in
which design is studied, ranging from individual design activities, such as an episode in which a
textile designers would sketch out the patferma fabric, to the design of systems of systems, such as
new urban transport systems. This is a not only a matter of the granularity of the tasks in focus, but
also of their description. As Wynn and Clarkson (2018) point out, models of design procérsses,
characterise design or are used to prescribe how designing is carried out, fall under three categories:
fiMicro-level modelswhich focus on individual process steps and their immediate conkéetsy

level models which focus on entb-end flows oftasks as the design is progresskt#cro-level

models whi ch focus on project structures and/ or th
Of course, designers often operate at different levels of detail within one activity. For instance,
Buchanan (1992) argues ttagtsign operates on two levels: a general level, on which the designer
forms ideas and hypotheses about the nature of products or the artificial word; and a practical level,
being embedded in specific circumstances.

2.6 Disciplinary perspectives on design

Analyses of designing taking a cognitive perspective typically consider how designing works at a
micro-level, whereas sociological studies and product or organisational views typically consider
activities at a mestevel or a macrdevel. The cognitive pspective sees design as a sequence of
mental activities or types of reasoning steps; much research has focused on identifying mental actions
and the structure of design reasoning (for instance, Akin, 1986). The idea that design is a unique
mode of thinkiry is widespread and influential. Cross (2006) argued, based on interviews with expert
designers, that designerly ways of thinking are exploratory, emergent, intuitive, reflective and
embracing of ambiguity. This perspective fits with concerns for creaiividesign, where creativity

is related to novelty of the end results or the process of generatgpnBpden, 1990). Theoretical
approaches to understanding creative thinking such as conceptual blending theory (Fauconnier &
Turner, 2002) or the reintaretation of ambiguous informatiors¢hdon & Wiggins 1992) place
synthesis at the heart of creativity. These influence the studies of design that draw on them.

3 Empirical methodology

Our own empirical research is grounded in a cognitive perspective but has focused daveieso
analyses of design processes. The paper draws primarily on two very different sets of studies: diesel
engine design (Eckert et al., 2004; Flanagan et al.,;2BKert et al., 2019); and recent studies of
designetled micro businesses in the fashion industry (Black et al., 2021). Diesel engines are an
example of highly technical and incremental products, that has been optimised for efficiency and
reliability, but also have been subject to significant innovations over the last 30 years to decrease their
environmental impacts. Diesel engines are designed by large teams often involving hundreds of
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specialist engineers. By contrast the desige@rfashion businessesere very small and the

designers not only designed the garments, but also ran the businesses and organised the production.

For these studies we conducted interviews with designers and followed their processes over several
months. We have studied bosiectors in multiple companies for 20 years and therefore can also
observe longerm changes in industrial practice. We also draw on our much earlier studies of the
relationship between artistic and technical design in the knitwear industry (Eckert, 2@ttt &

Stacey, 2003), on our studies of information use in design processes (Lowe et al., 2004; McMahon,
2004; McMahon, 2021) as well as observations of parts of the construction industry @ciiert

2012; Jones et al ., any expdrieneerofdworking é dissel engineddesegmu t hor 6
4 Finding the core and the boundaries of design

Design practice is extremely varied within different design domains and across domains. This section
draws on our empirical work to bring out some of theedléhces between design practice in different
contexts. Many insights into designing have been gained through detailed study of design episodes
involving individual designers or small teams of designers, as exemplified by the original Delft
protocol studiegCross et al.,, 1996). In these studies, designers have been given specific design
assignments and have been studied up to the point where they have generated a concept. This
experimental set up also favours the study of synthesis tasks, as designditienéivee to explore

the problem, usually no access to users or clients; and little time to evaluate their solutions in detalil.
This can give a very misleading picture of where the effort and significant contributions are in
developing new artefacts.

In the section we will argue that many designers spend only a very small fraction of their time
creating something new or different, and rather more on making sure they can meet new requirements
with minimal changes. The contrast between the different desigmples also illustrates that design
happens at different scales, from a large team working together, so that each individual has a specific
role, to small processes where a single designer carries out most of the activities.

4.1 The elusive act of synthés

At a sufficiently abstract level, professional design processes can be mapped onto a pattern of
analysis, synthesis and evaluation (see Asimow, 1962). However, when studying professional
practice, the moments of synthesis can be difficult to track ddta.product or system architecture
defines the mapping between functions and components and the interfaces between components
(Ulrich and Eppinger, 1995); and thereby incorporates many of the fundamental design decisions.
This makes system architecturesigg a prime candidate for study of synthesis in engineering design.
We (Wyatt et al., 2009) analysed how the system architecture of a diesel engine came into being. In
the early 2000s the first author was invited to a large meeting, where the concepigalad a new

engine generation was presented by the conceptual design team in a diesel engine company. Based on
this experience, the first author and her colleagues assumed that the company would go through a
distinct activity where the system architeaiuld design the system architecture. While this had been

the case in the company for earlier generation engines in the 2000s, system architecture design was no
longer a recognisable process. Through a series of interviews, it become clear what infosastion
required to develop a system architecture and at which point the system architecture was established.
However, when and how the system architecture was designed was strangely elusive. Through the
analysis of the interviews, it become clear that thetesy architecture emerged as thepbgduct of a
requirement cascade, where the company first assured that they could meet regulatory performance
requirements, and then focussed on a prioritised list of bundled requirements (see Wyatt et al., 2009).
Dieselengines are highly incremental products in which the fundamental solution principle remains
largely invariant, but developments are made in embodiihdéot example in part dimensions and
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materialsi and in components to deliver secondary functions sectuel injection equipment and
emissions control. They are often designed through the minimal amount of modification necessary
from past designs but have to meet very stringent emissions regulations in each product generation.
The company starts with tesof existing engines, and of modifications to them, to establish whether

they can meet legally binding emission targets (Tahera et al., 2019). At the same time, they also try to

mi ni mise the 6newnessd of the en geéxistagcompaneniser ms o0
deployed in a new context. Very often constraints will be imposed by the production tooling required

to make the engines, so things like bolting patterns or key dimensions may be retained. For existing
components, the company also Wsothat the components are working reliably. Parameters of the
reused components are entered into the requirement cascade as constraints on the performance
calculations in the cascade. Through this process the system architecture is largely inheritied from
previous product generation.

Synthesis can also prove difficult to pinpoint in the work of desiped fashion businesses. The

fiRet hinking Fashion Design Entrepreneurship: Fo:s
25 such fashion busises es i n the UK (Bl ack et al., 2021). TI
has become highly unsustainable and many fashion designers and other industry experts see the
industry as fundamentally broken for this reason among several others (Blagl, ZBe fashion
businesses, the projects studied, were largely set up by people with fashion design degrees, who
wanted to make a living in their chosen profession in a way they could combine with their
consciences. They aimed to produce garments th& @refironmentally sustainable and produced in

an ethical way, while also being financially viable. In fashion there is also an element of cultural
sustainability, where businesses want to maintain or connect to traditional garment types or
production methds. The majority of the businesses studied were micro enterprises where the
designers worked alone or with a small team of-tinlle or paritime staff. The survival of many

small businesses is based on finding their niche in the fashion system. In sasetltia is centred

around a specific product or small range of products, where the original designs are rarely updated.
Designing garments only took a small fraction of their time for most of the businesses. Most designers
were occupied with running thidbusinesses and carrying out a multitude of business functions. A lot

of time is taken up by organising production for the garments and dealing with sales and other
customers facing activities.

Unlike large fashion brands, small fashion businesses tentbrrenew their collections regularly.

Rather they try to follow customer demand and keep designs that sell well in their ranges and replace
designs that have either sold out or are not selling well. The successful businesses proved to be agile
and adapble. For example, several designers produced face masks in the Covid crisis using stock
fabric. Others engaged in short term collaboration with designers with complementary expertise as a
way of broadening their sources of inspiration and customer bdseh.of their creative energy goes

into finding business models that enable them to operate in the fashion industry while being
sustainable, finding ways to engage customers and transforming the fashion system. These fashion
designers see themselves asdgsner s and as ficreativeso, but the
only takes a tiny fraction of their time.

4.2 Design at different scales

The two design processes in the previous section are happening at very different scales. While the
design of an individual garment takes a single designer a matter of days, including the creation of
samples, the design of a diesel engine occupies manyepamess a supply chain for some years. A
diesel engine is also only a component of a product, such as a tractor or a truck. The products
themselves operate as parts of systems and of systems of systems. A truck is part of the wider
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transport system andhh to interact with other products or systems that are also part of the transport
system, for example when it is unloaded or uses a ferry.

A garment is also not designed in isolation. The designer creates multiple designs either as parts of a
coherent cadéction, as typical high street chains would do, or when they see a gap in their offering.
This depends on the garments offered by competing companies and on the wider development of
fashions. In fashion design an individual designer would need to unukr$tes broader product
context, whereas in engineering this would be split into many different activities carried out by
different people. Whether all of these activities are included in the design is a matter of where the
boundaries are drawn. Maybe ashion one would intuitively include the research and understanding

of the wider product context and market in design. While engineers need to understand the state of the
art and the competition, many of these activities would be carried out by a madegiargment.

Systems Management
/|
Componen
design
Marketing ‘
Identification Conceptual Detailed Preparation fo
of Need Design Design Production
Product Mathematics Manufacturing
Design and Logistics
Science

Figure 3. Disciplines throughout the design process. From Eckert & Clarkson (2004)

The development of products involves a wide variety of actions that we would not intuitively include

in design, carried out by experts from different disciplinary backgrounds. To illugtigiee 3 shows

some of the disciplines involved in the course of the design of a complex engineering product. For
example, the market research and trend analysis would be carried out in a sales or marketing
department Basic science, for example for new materials, would be carried out by scientists. The
diesel engine company studied by Wyatt et al. (2009) typically centralises the R&D for their engines
across the parent company and works with universities on the yindedcience, so that only
technology at a fairly high technology readiness level (see Mankins, 1995), i.e., technology that has
been tested on engines, would be considered in the product development process. Would R&D be
included in the design process? Wieght argue that there is design occurring in R&D, but R&D is
typically not focussed at the development of a specific engine, so maybe it is not part of any specific
design process. However, the research of the fashion context and many activitiesity thiages of

any fashion design process are not garmsestific either, yet they are recognised as a vital part of
designing (Eckert and Stacey, 2003).

What designers include in the term design is also fluid depending on the context. For example, whe
fashion designers are asked to talk about the design process of a specific garment, they often start with
sketching a specific design or looking for a specific source of inspiration. However, when they talk
about their activities in general, it becomésac that researching fashion trends or materials is a very
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important part of their process, and that they come up with many ideas while they are carrying out
general research.

In all these cases we find that the designers are engaged in many achigitids hot fall under the
cognitive definition of design. Fashion designers in high street brands usually spend a few days to
design their collection and then spend many months sampling and refining their products and setting
up the production for them. Sthindependent designers spend a lot of time running their businesses,
finding premises, getting grants, finding suppliers, writing invoices, marketing their product, to name
a few activities. They interact with their customers and suppliers and spénckeasing amount of

time on social media informing their customers about their businesses and values.

The range of activities carried out by the fashion designers, versus the high degree of specialisation of
the engineering design process is not an medifference between the domains, but between
working in organisations at a different scale. In small and often specialised engineering firms the
engineers also carry out a wide range of different activities including design and business tasks.
Conversg} large fashion companies also have highly specialised designers who largely work on
specific tasks, and consequently do more designing.

4.3 Different roles of a designer

Even when the focus is placed on the development of a specific product, there aretivdi®g shat

that might or might not be counted as designing.

When the second author worked as a Design Engineer in a different engine company in the early
1980s, there were four groups of employees in the Design Office:

(1) Designers, who did thactual scheme development for the design work of the conipéayout
drawings when he first worked there, then developing into CAD models of the artefact.

(2) Design Analysts, who carried out the calculations on the emerging désigrgely stress and
vibration analysis, some thermal.

(3) Design Engineers, who did a variety of work in the officithey could do some simple design

work, and design analysis, but mainly were collecting data, writing design guides, meeting with
clients, managing informatiaesources etcHe was a Design Engineer.

(4) Design Draughtsmen (and it was all men then) who prepared the detail drawings of parts and
assembly drawings, from the layouts prepared by the Designers.

In addition, the company had Development Engineers wivised the Designers on parameters to
choose, especially for combustion systems, and did the development work on prdtdtypeding
combustion systems development (injection settings etc.) and durability testing.

This distinction still largely holds. Amall group of (conceptual) designers oversees the development

of the system architecture, where the functions the product needs to carry out are mapped to specific
components and the interfaces between the components are defined. This was one ofthe team
studied (Wyatt et al., 2009). They really understand the users and, maybe more importantly, what
different types of users would wish to do with their engines, such as repair them with equipment and
clothing that impose the need for access space arpairts. The modern equivalent of the Design
Engineers are component specialists, who become experts in particular subsystems, such as pistons,
and design these for multiple product generations, usually by making small but significant tweaks to
existing demgns. Very often such specialists also interact with specialist parts manufaetgyeicr

pistons, fuel injection equipment, bearings etc. The majority of their time is spent understanding how
their component needs to behave under particular circuoestaand how it is likely to behave. They
analyse their components, their interfaces to other components and their role in other products through
the product platform. For each product generation the time they spend modifying the CAD models
might only be amatter of hours. The other role the Design Engineers carried out was the interaction
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with customers; the modern company has given this role to application engineers, who handle the
direct customer interaction and andrpréferences.dmese t he i
are typically engineers by background who understand the significance of elements of the product,
can explain it to customers and can negotiate with customers what can reasonably be accommodated
for the engine.

At the diesel engineompany where the second author was a Design Engineer, only the Designers
(and to some extent the Draughtsmen) were actually doing the designing in the sense of creating the
plans for an artefact, but all of the four professional groups in the Desigre Cdfid Development
Engineers and more, were involved in the design process. The role of the Design Draughtsman has
largely disappeared as engineers make their own CAD models. However, the detailed design of many
components from bearings to pistons, fugéction equipment and turbochargers will be outsourced

to suppliers, and design consultancies are also active in this field. The detail design of the product is
also often changed by manufacturing engineers to suit the production process.

The group that &s become much more influential, in the meantime, is the Design Analysts. Modern
diesel engine design often starts with an analysis of the previous design and virtual or physical tests to
see whether the desired performance can be achieved (Taher@@t ., Through the entire product
development process, the emerging design is analysed and simulated to understand its properties,
typically making use of very sophisticated computational analysis tools. €hgsesers focus on all
aspects of the behavioof the engine, including thermal, stress and vibration analysis. Physical test
and development are nevertheless still important, especially for such properties as durability and
emissions performance, because until the product can be demonstrated ¢tena@e requirements,

like emissions, the company cannot legally sell it.

In most engineering companies the analysis of the market, the logistics and the sales operations are
carried out by the business functions in the enterprise. By contrast thenfdskigners in the small
sustainable businesses also had to take these roles on themselves. Even if they had staff who carried
out the activities, these staff members also often had a design background.

5 Examples of changing boundaries of design activés

The previous section illustrated the range of activities carried out by designers, which further raises

the question what a designer does. We can go b
between designing as the production of representatiothe artefact and designing as contribution to
the change inmamade t hi ngs. I n the narrower sense, de

activities. In the broader sense, they are designing much of the time. However, even if we are
including everything a designer does under design, the boundaries are still fuzzy and constantly
shifting. The above example of the diesel engine design also illustrates the changing boundaries of
engineering design tasks. In the 25 or so years between the twoddisse| the emphasis in design
practice had shifted to some extent from designing the components to analysing the behaviour of the
product mathematically and computationally. This section looks at two examples of these shifts,
where other areas of expere, mathematics and customer relations, are brought closer into the
design process than ever before.

5.1 Engineering and mathematics

The relationship between engineering and mathematics is changing as engineering becomes more
driven by analysis. To minimise risk and maximise the reuse of existing components and subsystems,
engineering companies design their products around key perfoeenegjuations or models so that

parameter values are cascaded through different levels of design, such that the form of the product is
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to a large extent the response to performance equations and input constraints (sext &lci&12).

This changes thskills profile of the engineers from many engineers having a holistic understanding

of the product to engineers with a very high degree of numeracy and good computational skills but
often a less weltleveloped ability to imagine and anticipate the behavabthe design.

Another shift away from traditional engineering to data analysis has already begun (see Isaksson and
Eckert, 2020). Engineering companies collect a huge amount of data about their products. By the
beginning of the century, diesel enginenpanies (for example) had already accumulated large
guantities of warranty data from all of their past engines, which they tried to analyse to understand
failure patterns. At the time this could be frustrating. It also took a long time to accumulatasdata,
faults in highly durable and robust products take a while to occur. This left the companies with a lot of
data on old and therefore not particularly relevant products and not enough data on recent products.
However, developments are taking place in twgpects: analysis and simulation software and
hardware is improving, and better, smaller and cheaper sensors enable the companies to gather much
more data. The former means that traffs, design margins and uncertainties can be better
understood andcaounted for, while the latter means that the performance of real engines may be
better understood, and feedback may be gained on the capabilities of analysis and simulation models
(although what it is possible to sense may not always be what it is imptortay to measure). The
increased data collection will also mean that data analysts, who may have little understanding of the
engineered products, will need to be employed, and data analysis will increasingly be a central part of
design.

5.2 Fashion desgn and customer relations

The small fashion businesses studied by Black et al. (2021) have more and different interactions with
their customers. Traditionally designers have studied the products of other designers and positioned
their products in relatioto these. The customers select the products that they liked out of the wide
offering on the market. As concern for the sustainability of textiles is growing, some customers want
to find out more about the companies they buy from, so that the designetisefinselves spending

time generating blogs or posting on social media about their designs, their values and their ideas.
Designers see reaching out to the customers and educating them about sustainability as an integral
part of their design activities artieir contribution to changing the fashion system they want to
change. They aim to build a relationship with their customers and respond to the customers wishes
and desires to increase the time that cthet omer s
fashion brand. This becomes part of understanding needs and constraints on the designs. Interaction
with customers on the design of specific garments has always existed (think of a traditional tailor), but
the deeper interaction around the values andgsses of brands is new. The customers are engaged in
tasks that would traditionally be done by the designers, but does this then make them designers?

5.3 The boundaries of design

The scope of the words oOdesi gno inglynirdconflict.eOsii gni n g ¢
preferred definition of &édesigningd is the crea
intuitions tell us that the synthesis steps of making moves in design space by envisioning new design
elements is central to thidut that does not reflect the reality of design practice, where the
development of understanding of the design problem is often crucial and sometimes the central
challenge, and the development of understanding of the behaviour of proposed designgndyfrequ

the most difficult and timeonsuming part of the process. Making actual design moves in terms of
specifying geometry through drawing or modelling may be comparatively trivial. For example, the
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diesel engineers, who aim to carry as many parts afmmssone product generation to the next as
possible (see Eckert et al., 2012), spend most of their time analysing whether the component could
withstand altered conditions in the enginay.,higher temperatures or increased vibration. They also
need to chck all interfaces the components have to assure that modifications to the connected or
adjacent components do not affect their component. In addition, they need to make sure that the
component will still work under altered use conditions. After theseuatiahs they might make

minor changes to features of the component or a particular interface, or just sign the component off to
go to testing. For another example, the fashion and knitwear designers we have studied put a lot of
effort into understandinghe space of acceptable fashions and how to position their designs within it,
and finding sources of inspiration, to construct the constraints that guide their designing (Eckert &
Stacey, 2003; Stacey & Eckert, 2010.) As Vincenti (1990) pointed out, kngevigeneration
activities are central to how engineers produce new products; rather different knowledge generation
activities are crucial for fashion and knitwear.

6 Design as a family resemblance concept

Throughout this paper we have highlighted differespexts of design and brought in different
conceptualisations of design. The readers of this paper probably have their own examples they draw
on when they think about design, which are very different from ours; and will agree with some of the
definitions wecited from the literature on not others. Everybody who has studied design or is
interested in design sees it through his or her own lens, and therefore sees different patterns and
characteristics in design. In this section we will argue that these diffeeesonal notions of design

can be entirely valid, because they all add to the rich picture of design and agreeing on a definition of
design in terms of necessary and sufficient conditions has proved an infeasible enterprise.

Wittgenstein points out ifhilosophical Investigation§1953) that we frequently use single terms to
denote a range of concepts that overlap in their uses. In some cases, no single characteristic is shared
by all usages. He points to the dexmsoipvingngorf figam
losing, but also covers a child playing with a ball. As in a family, some characteristics are shared with
some members but not others. Yet putting all together we can see the resemblance across a family. In
Wi ttgenst ei ndmmuites a anmuageaisers,dhfe concept is determined by usage with
no standard of correctness over and beyond this. It follows that a requirement of understanding a
family resemblance concept is that there must be intersubjective knowledge of ipdaggem

Many ill-defined concepts, such as power (Haugaard, 2010) or partnering between companies
(Nystréom, 2005) are defined in slightly different terms by different writers. Putting all of these
definitions together provides a rich picture of the phemameWard and Scott (1987) point out that

we learn family resemblance concepts both in an analytic mode where properties are analysed and
extended and in a holistic mode according to global relations of overall similarity. Similarity, which is
ultimately reducible to shared features, plays an important role in learning and establishing categories,
but we are flexible in our similarity assessment and allow exceptions to our expectations (Goldstone,
1994).

Design is also such a family resemblance concept,we learn from a sequence of experiences of
uses of the word, where everybody has a slightly different understanding of what is meant by design.
The examples have shown that there is very little that is shared across the activities that designers at
the extreme ends of the spectrum carry out. Some people who think of themselves as designers might
spend their time in highly mathematical analysis tasks, whereas others might be mainly engaged in
customer interaction. Many are occupied with managing othegraes. However, every designer
shares many tasks and attitudes with many other designers, just not necessarily with all. We also have
to accept that the activities that peopl e call e
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characteristic makingvhat they do designing. Designers in a wide range of fields perform very

similar activitiesi at least when viewed from a sufficiently abstract perspective. But designers at the
extreme points may not have act i vmcepti evsereieath ¢ o mmo |
use shares many features with to its neighbours and fewer and fewer with others. However, the notion

of design as a family resemblance concept allows for this.

Different disciplines describe design in different ways and emphasise ediff@lements and

activities, for example fashion designers would emphasise placing their work in the context of other
designs, expressing the Zeitgeist and increasingly the need for sustainability, whereas product
designers might stress user needs andafesand engineers might focus on performance and safety.

There is an element of rhetoric in how different design domains represent themselves, whereby artistic
design domains tend to emphasise the novelty and creativity involved in their design whereas
ergineering designers try to emphasise their trustworthiness and rigour. Of course, rhetoric is
inherently slippery, and people dondét say the sa
The fact that so many different people call themselves designers is significant. Blesigreer is an

important element of their safferception. They studied to become designers, now they work in the

area and now they are designers. This is particularly strong with the fashion designers in our case
studies who actually did very little desigg, as opposed to producing garments or organising the
production of gar ment s. They referred to themse
ot her ficreativeso, ei ther ot her designethese cr aft
people were either designers or were in fact creative by any accepted definition of creativity.

7 Implications

The search for the essence of design or a description of design that covers all scenarios looks like a
futile quest. However, if we accept that design is a family resemblance concept, then we can also see
different conceptualisations of design as beingdyalomplementary, and enriching. This would also

free us as a community from the desire and drive
design, or speak on its behalf.

Rather it points towards accepting different takes on design as egalidlyThis points to a different

approach to looking for a comprehensive, crdemain analysis of design: developing it
incrementally by looking for what is similar and different in different design domains and what causes

these patterns of similaritynd difference (Stacey et al., 2002). Design research has for a long time
focussed on what is common and in consequence has developed vetgvhigtheories and
conceptualisations of design. These achieve generality by being highly abstract; oftentethey a
nothing like as general as they are claimed to be. Over the years many important insights into the
behaviour of designers have been discovered, but they are not universal. For example, it is widely
recognised that designeysgareg ibat¢k e dént(1983h e p rwaoa tk
however this characterisation is not normative. Many designers engage in reflected action some of the

time or occasionally, but not all do, and many people are also reflective in other everyday situations.

While these abstract conceptualisations of design are undeniably useful for design research or design
teaching, their utility for design practice has often been questioned. Bryan Lawson (2006) put this
very succinctly apropos o fhelpin macigatng a desigpes thraugh fi é a b «
his task as a diagram showing how to walk would bedoeyearold child. ... Knowing that design

consists of analysis, synthesis and evaluation will no more enable you to design than knowing the
movements of breastsr ok e wi |l Il prevent you from sinking in
What designers in practice want from design researchers and to some extent from each other is
actionable insights and advice. Practically useful generalisations sit at dawelsbetween the very

detailed and domain specific accounts and the generabebdescriptions of design. Much of this
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advice is formulated as methods or tools for design. However, these are only usable if the designers
understand how they can be applied and deployed in a specific context. This is often a challenge for
two reasons(a) how to use the method is not well explained, and (b) a scope of applicability is not
explained, which in some cases implies that the methods should be universally applicable (Gericke et
al., 2020).

However, it is important to find ways in which desggs in different contexts can learn from each
other. Different areas of design have particular strengths that are often a direct response to the greatest
risks or challenges of the field (Eckert et al., 2005). However, designers in other areas aretoften n
aware of this and design subcultures may have
across different fields of design has also been a barrier to understanding the drivers behind different
aspects of design behaviour. For example, all dggigresses generating safety critical products have
many common characteristics, as do processes that interact with users directly (Eckert and Stacey,
2014).

Design in all fields is deeply embedded in the context in which it is operating. Many desitgnmaob

are highly constrained, and designers need to make manydffadas is the case in diesel engine
design. The fashion designers are also constrained, by what they can do in a given time and at a given
price point. They often have to make tough deais about whether what they can practically achieve

can be combined with their consciences. These concerns primarily affect professional designers.
Amateur designers, such as hobby knitters and dressmakers, who also engage in designerly behaviour,
might have a far greater flexibility. They can shift their own goalposts in a way that professional
designers cannot.

Understanding the differences between different types of design and the drivers for differentiation is
important. Bringing designers from difent fields together also requires an appreciation of where the
hard problems are in individual design fields and what they are good at.

8 Conclusion

The field of design research has gained a great deal from a very wide variety of attempts to work out
what design or designinig. But what emerges from all these attempts is that design, and what people
mean by the term, is far too diverse for any one definition to fit. Many characterisations of what
design is have claimed to cover all design but are intigligrounded in particular types of designing
and just donét fit many others. Design is best
many different instances of it have many features in common with many others, but there may be no
characteristi that they all share. A better approach is to look at how and why particular types of
designing are similar to and different from other types of designing and be very clear about the scope
of any claims about the nature of design.

Whether an activity cous as design depends not so much on the nature of the activity itself, but also
on the context in which it is carried out. A mathematical problem solved in a class might be just that

a maths probleri but in an engineering context it can become a ddsigkn A making task can be

just following instructions or a vital part of prototyping.

One characteristic shared across many very different types of designing is the crucial importance to
the development of new artefacts of the analysis and knowledgeatieneactivities that contribute

to framing design problems and constraining the form of their solutions. How much these are
regarded as part of designing depends on the field and on thendelstanding of the people who do
them. They tend to get negted in rhetoric about design and creativity.

One actionable conclusion we draw is that in the view of design as a cycle of analysis, synthesis and
evaluation, all of these are part of design and are important and deserving of respect. For those of us
corcerned with what is or should be design, the challenge is to get problem framing, analysis and
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evaluation activities given due recognition as central to designing. This requires increasing awareness
among ourselves, our students, and the-chesigning pulit that the knowledge generated about the
problem the system is produced to solve, and the performance of the product, is an integral part of
what is produced by a design process. This is true to some extent forcondained artistic design

fields aswell as tightly constrained performandgven engineering design fields. In the latter we can
call the generators of knowledge as wel |l as the
other fields the right terms giving appropriate statushintig harder to find.

After 60 years it is time that design research embraces the richness and diversity of design and looks
broadly at all design activities to address the imbalance in the research effort devoted to understanding
and improving differenaispects of design. For example, much research effort is invested in creativity
and idea generation, but very little into the role of testing and validation in design, even though this
takes up many more resources in practice.
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What design is not
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Abstract. To bring disciplinary clarity to the boundaries
study poses an antithetical guest i sexaminddwhraagh ai s not
semantic analysis of papers authored in the Journal Design Studies over the past 30 years. The objective of

the paper is to revisit the past debates on what one considers as the boundaries of design, describe them and

let design reseahers formulate their own interpretation of its meaning in the contemporary context.

Results are outlined through ten major themes that reflect the nature, product and uniqueness of design.

Keywords: Design, Design discipline, Design is not, Desstpdies, Semantic analysis

1 Introduction

The design discipline has undergone brisk changes in the past 30 years, evolving from a singular,
technologyaided, trial & error based esoteric discipline to a more collaborative, technology

intense, evidenebased, and publicly accessible one. These changes have blurred the disciplinary
boundaries of design. In critically examining such blurring, it might be prudent to pose the
guestion fAwhat is not design?0 i nplinalyelaritftopes t hat
traditional guestions asked within design resea
ought to be?0

However, such an approach is a daunting task given that design discipline has been shaped by
different perspectives and philosigh emerging out of an essentially multidisciplinary domain

area. Additionally, design has been referred to as a transitive verb (to create or plan), a noun (a
scheme or an idea), a process (activities of design) or as a discipline. Traditionally didgityn a

has been described in numerous ways ranging from design as creative problem solving (Chen and

Liu, 2002), problerdframing, (Cross, 2001), puzzlenaking (Archea, 1987), abductive reasoning

(March, 1984), to a very complicated act of faith (Jon830Q). Design behavior is described as a

form unique inquiry which is characterized by the production of novel and unexpected solutions,

tolerance of uncertainty, access to incomplete information, application of imagination,
constructive forethought to prézal problems, and the use drawings and modeling media solving

(Cross, 2001). As an unique form of intelligence, design has been regarded as different from the
scientific or scholarly thinking styl es, but ju
knowi ng, thinking, and actingo (Cross, 1982) .
thinking such as in accounting, finances, statistics, software engineering, and medicine (Chan,

2015).

While the unigueness of design has been well explicated igndessearch, others have also

argued against the notion of design as a special kind of knowledge accessible only to people

trained in design. Rather, design is considered as a generalized process which elesignens

are capable of performing to sore&tent. For example, common folk of crafised societies

have been attributed to design that are not only highly practical but also very beautiful (Cross,

1990). Design is hence considered a generalized body of knowledge capable of bridging diverse
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discipline prompting one architect to view design as last remaining of generalist professions

(Cutler, 2016). The multidisciplinary view of design can be specifically evident in a field such as
architecture, in which, building design and construction have aseck in complexity €.9.,

multiple materials, products, and project participants to coordinate), and designers are often
expected to accomplish their work in shorter timeframes. The challenge of integrative project
leadership has left designers to dawn tbhee of the traditional mastdauilder, that of an
Aiintegratoro of various skills and knowledge (Ba
In the lead up to discussions on what is not design, researchers have reflected on what constitutes
Afdesign proper. o0 riwntdcdd] od dae sichrairpdt idorny ogf an ar
as e ambiguous as a fAswampd in which the boun
Kantrowitz, 1991). Others have described design as a continuum of activities starting with pre

design, such as stario planning (strategic activity) and programming (tactical activity), and

ending with postlesign activities, such as pastcupancy evaluation (Schermer, 2001).

2 Analysis

To bring in disciplinary clarity to the question of design and to gain insights into where scholars

draw t he l i ne, a semanti c anal ysi s was conduct
designo. I nitially three prasmirencensideredias a subject | our n ¢

of the study (1992020). However, as the study progressed majority of research yield was found
in one specific source: the Journal of Design Studies and hence the inquiry was limited to it. The
journal consists of relately long history on design cognition and addresses design activity across
multiple disciplines including engineering and product design, architectural and urban design,
computer artefacts and systems design. Therefore, it provides an interdisciplinary féor
analysis, development and discussion of fundamental aspects of design activity. The semantic
analysis consisted of the following steps.

T I'nitial data was &elicited by wusing the HAfi
constituted of finding ddarative clauses that imply negative connotations of design, (
not design, nod e si g n, design is not, i sndét );desi gn,

phrases or idioms that imply how design is expected not to perfanort(of design,

unlike design, lack of design, design is more fhamd prefixes that imply activities that

occur before or after design propprecdesign, postlesigr).

1 The initial search led to about 600 papers. The papers were then manually coded for
relevance using an opecoding system. One of the challenges in this process was to

di stinguish between the conventional use of
negative words i n a de.Onog ithe megative avords wdrdi d e s i gr
identified, the individubpapers were open coded to reflect the context in which the
negative words were u@prolFloemexalmpil ego fares
morethanand arti stic endeavor. o The i dea was to
corresponding activityfor e.g., problem solving) as the object while being modified

through a negative structure (ferg., not or more than). The open codes resulted in

reducing the total to 188 papers.

1 Further thematic coding was conducted based on the commonality between the open codes.

For exampl e, paper s designas notypwbleen savipg @ dedigndsenot a s
merely craft sls but also problem framimy wer e grouped under a commo
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fiproblem/soluton 6 Thi s resulted in 21 thematic codes. i
two coders to check interoder reliability. The initial intecoder agreement was abou®80

9 After the coders negotiated, the second cycle coding led to 72 open codes and 10 thematic

codes.

1 The codes were organized based on corresponding discipline from which the papers were

elicited and chronology of when the papers were written. This prdvideher insights into

contextualizing the codes.

3 Disciplinary and chronological trends

The findings show that the focus of the study of
design and allied disciplines: architecture, computing, prodndtistrial design, engineering,

philosophy, psychology, and technology. In the context of this paper, disciplines were identified
based on the subject focus of the paper and the
there were multiple authotsailing from multiple disciplines, the codes were organized under

their strongest affiliation of the first author. The 10 thematic codes are listed below under major

themes addressing the nature, product, and design activities

Nature of design

Design isNot Science (although they share similar values).

Design in More than Pure Artistic Creativity (it should address a problem).

Design is More than Problem Solving (and a unique one).

Design is More than a Mechanistic Process (it is a social one).

9 Design isNot Merely Technical Process (it cannot be pinned down).

Products of design

i The Goal of Design is Not to Produce Knowledge (although knowledge is produced in some
form).

9 The Product of Design is Not the Artifact itself.

Design activities

91 Design Activities

1 Non-Design Backgrounds.

1 Non-design Contexts.

1 Non-Design, PreDesign and PodDesign Tasks

Figure 1 shows the thematic codes in correlation to discipline and chronology. The year the
papers were published in which the codes were identifi i s pl otted on the O0Y6
thematic codes ar e pl eytatrande, anecar observedhatdhe enajarity . I n t
of disciplines discuss why design is not problem solving nor of technical nature. Specifically, the
theme of problm solving has been most prevalent in the discipline of computing. This was also
demonstrated through statistical significance for computing studies whenrveagn&NOVA (F

(10, 51) = 2.17, p = .035) was conducted comparing thematic codes of all disciBlirsédes
computing studies, none of the other disciplines showed statistical significance in the distribution
of thematic codes, this finding might suggest that because computing studies is traditionally
affiliated with problemsolving, there was an inteal debate within this disciple to go beyond that
framework.

=A =4 =4 =4
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Figure 2. Disciplinary discussions within theme

Figure 2 shows that three disciplines (architecture, product/ industrial design and technology) led
the majority of the discussion on what is not considered to be design. The papers show more
robust discussions in recent years in the discipline of althawy statistical significance was
found between the year of publication and themes. Additionally, there was no significant
correlation in the discussion of themes between disciplines. This was a little surprising result
since we anticipated that thematisalissions would be correlated between various disciplines.
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4 Nature of design
4.1 Design is not science (although they share similar values)

Number of authors advance the view that design is not the same as science although comparisons
have been made shawg similarities. Science is considered analytic while design is considered
constructive. In the area of mechanical engineering, for example, engineering science, is located
on the analytic side while engineering design is placed on the synthetic side, (I388h The
scientific method is considered as a pattern of proldelving behavior employed in finding out

the nature of what exists, whereas design method is considered as a pattern of behavior employed
in inventing things of value which do not yet &x{Cross, Naughton, & Walker, 1981).

Another paper on architectural design suggests that while scientists strive to isolate the "best" and
the most superior option, architectural designers narrow down their options by satisfying what
they can. Making a dtinction between design and science others argue that the only way of
knowing truth would be to put a scientific theory to the most stringent tests requiring the scientist

to sincerely and vigorously become an antagonist to their own theories. On théaite the

truth the architects seek are temporal and situated in a specific context (Akin, 2001).

In advancing the design v/s science distinction, the mental activities of a scientist are
characterizdoewobyda dimiedti onr aoadt ,fid, deaevhiidmreribns
activities are considetomdndo dier domi omatefl biyt a( FA
& Bianchin, 2009). In general, for a designer, it might be sufficient to propose a novel idea
without actually designing the artefawhereas the scientist must produce an artefact such as a
scientific theory (Galle, & Kroes, 2014). Design is considered as an action process aimed at
predetermined goals whereas science is aimed at creating knowledge about something. In this
sense, d&gn is considered a service discipline, unlike science (Jonas, 1993).

However, other researchers take a more conciliatory tone. They understand that much like
science, design as a discipline, can be studied under its own terms, and within its own rigorous
culture. A science of design is possible based on the reflective practice of design. The design
process is therefore inherently fluid, because it is not blinkered by the quest to achieve one design
goal; rather it is open to new goals that one discovecglentally and unintentionally (Meng,

2009).

4.2 Design in more than pure artistic creativity (it should address a problem)

While the views in the previous section consider design not the same as science, opposing views

neither consider design as pure art. In this view, design is intentional, hypothetical and predictive
transcending creative intuition to include an explicitifordl dimension. It involves choosing a

range of options to allocate material resources despite possible conflicts between the short and
long-term requirements (Lawrence, 1993). In other words, design activities are considered not

merely impulsive, habitl, or coincidental, but rather conscious, selective and intelligent
(UluoYlu, 2000).

Creative design is not necessarily considered 0c¢
to achieve a higlguality design, with creativity only as one aspentfdct, creativity is not a

condition unique to design since creativity is also involved in in scientific and artistic processes

(Alexiou, Zamenopoulos, Johnson, & Gilbert, 2009).

Al though the creation of desi gnderedsasimgisticactder ed s
For example, in the case of wayfinding design, logic and efficiency are as important as making

design products architecturally interesting (Passini, 1996). Some authors argue that creative

design involves problerframing ability (Dast, & Cross, 2001) and creative designers attempt
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more problerfinding segments (Liu, 2000). Contrary to the view that beginning designers are
more creative, some researchers observe that expert designers, solve design problems in a more
creative manneihan beginners (Hanna & Barber, 2001).

Others consider design not just as an art, neither engineering nor science, but as integrative
discipline. It is this generalism that is considered to make a good designer valuable (Owen, 1991).
There is also the dake within the design disciplines about which disciplines are more artistically
inclined than others. For example, some refer to architecture and industrial design as more artistic
than engineering design, the latter being relatively constrained by tds né&ustomers and
company shareholders (Eder, 1981)

4.3 Design is more than problem solving (and a unique one)

Some consider design is more than merely problem solving. It is the result that carries some part
of the designer in it. In other wordéeyond mere problem solving in design there is an
Afaffectived requirement characterized by a | eap
and deriving vicarious satisfaction about the creation (Louridas, 1999). Additionally, design is not
just about the creation of useful artefacts. Itis equally about the creation of beautiful artefacts in
which utility and aesthetics intertwine in the design process (Louridas, 1999).

Beyond mere problem solving, some authors suggest that the job of a destgrgive the client

not simply what they want, but what they never dreamed they wanted; and when they get it, they
recognize it as something they wanted all the time. In other words, clients want designers to
transcend the obvious and the mundane, angroduce proposals which are exciting and
stimulating. What this means is that design is not a search for the optimum solution to the given
problem, but also exploratory (Cross, 1999). Similarly, other papers consider that the evaluation
of the solutions equally important to the analysis of the problem. Hence designer is considered to
be solutionled, not problered. Designers formulate and solve problems differently than other
professions. In some cases, they generate conjectures about possiblg ¢ptutians and use

these conjectures as a way of exploring and define the problem and the solution together
(Restrepo & Christiaans, 2004). Aproblsmo | vi ng paradigm is apt where
clear cut 6, -ih-actionis hetesuitad eofcdneeptdalidesign. The process is one of

a designer interacting with an external representation, performing a series of experiments, the
results of which influence further experiments (Smith & Gero, 2005). Design processes are not
problem solvig in the orthodox form in which problem statements reveal solution paths; rather
they are way of resolving conflicting criteria for validating results and multiple solutions (Bijl,
1985).

Creative design is not a matter of first fixing the problem and #warching for a satisfactory
solution. It is a matter of developing and refining both the formulation of a problem and ideas for
a solution concurrently, with constant iteration of analysis, synthesis and evaluation processes
t hr ougdv al wtthepnbem arfd the solution (Dorst, 2004). While much in design is
conjecture, much is not. All designing involves some guesswork. But like medical research the
texture of design is not literally trial and error, it is not merely unremitting guesswarkf¢id,

2002).

While design problems are generally considered asrilictured problems, further distinction can

be observed within them. The first difference is that in design, imagination needs to be applied
right from the very fundamental level of tierpretation of concepts. A second difference is

that design requires the use of experiments and simulation techniques. Thirdly, designing is
fundamentally a social process. The stakeholders need to develop a way of reaching a solution,
which cannot eist before the design situation arises (Dorst & Royakkers, 2006).
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The distinction between design and problem solving is also made in studies of cognition and
brain. Compared to problesolving, studying design tasks require a more extensive network of
brain areas. Although a problesolving task may require creative thinking and hypothesis
formation, the problem itself is wetlefined. In the design tasks there is no predetermined final
state or criterion for deciding the termination of the task (the imskpenended). The task
requires defining the problem as well as the solution space: it requires the creation and
interpretation, as well as the creation of a function (criteria) for evaluating the solution (Alexiou,
Zamenopoulos, Johnson, & Gilbert, 200

4.4 Design is more than a mechanistic process (it is a social one)

Some authors believe that design is not a mechanistic process which can be fully described in a
manual, but a complex and elaborate socially mediated activity (Baird, Moore, & Jakodzi

2000). Even when design is conducted by engineers, it is not a mechanical or rational in the
manageri al or economistds sense. Il nstead, desig
Design is not only individual action but has to be implemepte@n organizational level to be

effective. Good design practice requires more than individual strategies and methodology
(Lauche, 2005). The conception of a design is not simply a representation in visual form of
predetermined values, but a creative, lgéitaprocess in which external factors interact with the
beliefs, talents and skills of individual desi g
and societal values (Razzaghi, Ramirez Jr, & Zehner, 2009). Descriptive studies involving design

teans demonstrate that design is not only a complex technical process but also a complex social
process. Modern muitisciplinary design demands that engineers work in teams and to be
successful the team has to reach some shared or commonly held undegstéhdg) design

needs to address the design process as an integration of the technical process, the cognitive
process, and the social process (Macmillan, Steele, Austin, Kirby, & Spence, 2001).

4.5 Design is not merely a technical process (it cannot be pohdewn)

Several papers consider that design is more than a technical process and unpredictable. Design is
not a straightforward process (Tilley & Burrows, 1995) and cannot be pinned down like
butterflies (Margolin, 1992). Design is not a set of technikilss but unique ways of knowing

and thinking that form part of the process (Friedman, 2007). Neither is it-bBaséel or symbol
processing activity (Coyne, & Snodgrass, 1993), nor can it be reduced entirely to a set sequence
(Dorst & Dijkhuis, 1995). A design is not an end in itself, but an input for the next step, which

can consist of further detailing of the design (van Aken, 2005).

Design is also not considered a single process, but a mix of activities that range from individual
work to meetings and reviews in groups. Instead of the idea that designing is one 'thing' design
consists of many ways of thinking (Lloyd, Lawson, & Scofi93). There are generally many
iterations and cross linkages that take place all the way through the process and certainly at the
front end (Turner, 1991). Furthermore, several design tasks can be carried out in different ways or
styles, using alternatiiechnologies. The various disciplines engaged in design differ in terms of

the types of problems they address and the products they design, and the design process feeds on a
continuing interplay between experimentation and what they disclose to our andargt(Akin,

1997). Design operates not on any single episode of design, but on the dynamics of how the
problem responds to changes in its articulation by the designer (Newton, 2004).

Additionally, design is not just a process or a profession, it igreeqred as a situation that a
designer finds him/herself in. As a designer, one is being continually faced with the very concrete
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challenge of perceived design problem, and one has to decide on the kind and content of the
action to take in specific sittian. In most cases, considerations linked to the content of the
design situation (the perceived design problem, the designer's goals and the perceived possibilities
for the next step) will determine the 'kind of action' (Dé&dDikhuis, 1995).

5 Productsof design

5.1 The goal of design is not to produce knowledge (although knowledge is produced in some
form)

There have been rigorous debates on the ultimate goal of design. For example, much different
from the goal of science, which is to create knowledgmesconsider that the goal of design is to
change the environment. Knowledge is cumulative, and while it tends to produce higher levels of
refinement and sophistication in design, the principal function of design is not to produce
knowledge but to have affect. It is through design that science exceeds being pure knowledge
and participates in creating an effect (Willem, 1990). Similarly, design decisions are largely
influenced by experience, creativity, innovation and other factors and it is not alesgible to

utilize these factors in a formalized knowledge base (Beheshti, 1993).

While knowledge on 'the way the world is' enters design deemmking at many crucial points

and many different guises, in the early stages of the design process, whecritiaiydecisions

are made, designers are in no position to collect much relevant information anyway. Often all they
have to work with are environments, paper designs, fapskand prototypes. While these vyield
useful information, that usefulness is ditg proportional to the designers' ability to intuit
potential scenarios by bringing their experience and cultural knowledge to bear upon the problem.
In this case knowledge is bound to social processes much like law and medicine (Sharrock &
Anderson, 194).

While the goal of design is not to produce knowledge, designers have to accumulate the
knowledge to make effective design. While the unselfconscious designer of the past could rely on
tradition and afford not to have an explicit knowledge base, theeaporary designer has to
have adequate design qualifications and be able to distinguish a design from the work of all other
designers (Louridas, 1999).

5.2 The Product of Design is not the Artifact itself

While debates are presented on what might be thwmatk product of design, several authors
suggest that the true product of design is not the designed artifact itself, but rather the change the
artifact brings about in the world, and the experience it eventually provides to its users (Jackson,
2010). Thephilosophical argument is that the subject area of design cannot be the actual artefacts
themselves because there are no such things at the time of designing. Instead, it is the artefact
structure and their parts from which design is constructed. Destgfacts only gain meaning
because they acquire their meaning from the structures they describe. Design is not about artefacts
at all but is merely a play with symbols and patterns (Galle & Kroes, 2014).

Additionally, not all used objects are considergdfacts. Something that has been designed does

not have a function yet and cannot be called an artefact. Artefact is-tetametical rather than
metaphysical. They have intentional history and role. This role may be different for different
agents, anane object may even play different roles at the same time. This distinguishes them
from nondesigned objects, such as water and air because its use and function are intelligible to
users (Houkes, Vermaas, Dorst, & de Vries, 2002).

Moreover, the primary concern in design is not about perfection of form and aesthetics, but rather
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how it opens up for use. While the object itself is still quite central, notions of form and the
finishedness of the object also play an important roleddeign, one has to accept roughness and
improvisation as part of the design process (Redstrom, 2008). In other words, the object of design
i's not a real object; it doesnodt exi st yet i n
acronyms, sketchesjagirams, models, moekps, product line, specifications etc. The emergent
meaning is both referential and inferential: object (and concepts) acquires meaning by association
with other objects (and/or concepts). The mockup itself may be minimalist inndgrmeg in

material form and yet could be a vehicle for widaging,energeticand meaningful exchange
(Bucciarelli, 2002).

Similarly, design products such as drawings are not as critical as the idea that the drawings
represent (Medway, & Clark, 2003 Additionally, design is not just a copy of existing designs.
They still need to be modified to satisfy aesthetic and functional requirements (Lim, Qin, Prieto,
Wright, & Shackleton, 2004). Designers use the medium of representing massing elements, and in
particular, elements of regulation to manage the design process itself. This includes management
of pari whole relationships, hierarchy, topoldgeometry relationships, scaffolding the design
process, and structuring/ restructuring of problem parametac$. & these is a separate facet of

the same phenomenon of managing the design process through massing representations (Akin &
Moustapha, 2004).

6 Design activities
6.1 Non-Design Backgrounds

Differing views have been presented on whether a distinction neduss made between design

and nondesign professions. Some consider even proximate professions such as arts as hailing
from a nondesign background (Chung, & Whitfield, 1999). Others consider professions with
technical skills in design as part of desdjscipline (for example, arts, crafts, advertising, interior
design, etc.) in relation to nedesign backgrounds (for example, toolmaking, electronics,
mechanical engineering, etc.) (Yang, You, & Chen, 2005). Some question whether there is an
empirical bais to such distinction. In one experimental study, senior design students produced
more creative forms during a mental synthesis task thandesigners (law discipline) who

focused on verbal concepts (Kokotovich, & Purcell, 2000).

The concepttbfnkikdegoghas been adopted to infuse
professions such as business management and entrepreneurial business innovation. There has also
been growing interest on design thinking from sectors as education, health and ioformat
technology, environmental sustainability, welfare and social justice. These developments have
caused concerns among the design professionals because they suspect an uncritical deployment of
the term design thinking in contexts other than design ad, anfstead of being a real opportunity

to explore and extend the possibilities of design in other sectors (Stewart, 2011).

6.2 Non-design contexts

Design is not purposeful without the environment and context within which it operates. Hence,
some authors suggest a more wideging view of design problesolving which attempts to

foster a recognition of the importance of contextualization in designittan. They claim that in
contrast to software design, design behavior cannot be isolated from its context and the need to
remain aware of the social, educational and organization factors which mediate design behavior
(Davies & Castell, 1992). Anothetusly makes a distinction between rt@sign problems such

as computer simulated scenarios (operating an engineering plant & firefighting exercise) to a
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design problem (modifying height and inclination of a writing table). Opposed to the design
problem, thg claim that the computer simulated complex problems do not require specialized
knowledge (Eisentraut, 1999). Although designers do not always consciously use environmental
factors in the process of designing, they have a very good mental model of tladingpe
environment and use it to develop a workable proposition. After the design is completed,
environmental context is used as measurable factor for evaluation and optimization (Hybs &
Gero, 1992).

6.3 Non-design, predesign and postlesign tasks

A numberof authors have made a distinction between tasks that are aligned to design and the
ones which are not. Netlesign activities are considered as activities that do not involve design.
Design activities include problem definition, gathering information, kbgweg alternative
solutions stage, generating ideas, modelling, feasibility analysis, evaluation, project realization,
decision and communication (Atman, Cardella, Turns & Adams, 2005). This is opposed to a non
design task that might include a linguisiiterpretation and explanation of noun phrases (Nagai,
Taura, & Mukai, 2009). Others view that research conducted in the social sciences are more
aligned with nordesign problems (Yang, 2010).

There are those who also make a further distinction betwesgndand activities that precede or
foll ow design propedesiThre&-deamd ghPpaditt edesignsi épr eTh
phase generally includes reasoning or organizing activities while thel@sigh phase includes
evaluation tasks (Eildy 2009). The pralesign reasoning activity includes precedent case
retrieval, organization of information, the representation of the extracted information into more
accessible forms, and the prototyping of its representations for future design solBtishs

design includes the comparison of a generated solution to other precedents that can be considered
successful solutions, and the performance simulation of proposed scenarios of the generated
design (Eilouti, 20009) . T of @ précedens to @ design probkemp,er i nc |
modification of the solutions, adaptation of the revealed-sallitions, their synthesis and
development, and the documentation of the selected solutions.

Some papers refer to pdesign activities as frordgnd activites. Subsequently design activities

are classified as pfghase (opportunity identification and idea generation), phase zero (product
concept and definition, including market and technology assessment) and phase one (product
definition, justification and @inning) (Tzortzopoulos, Cooper, Chan, & Kagioglou, 2006). Others
consider requirement management as a part of thedgwmign services (Duerk, 1993).
Requirementriven design is an informatidmased approach facilitating consistent design
rationale trackig and evaluation, verification, and validation of design (Ozkaya, & Akin, 2006).

The American Institute of Architects divide the design process intdgsign services, schematic
design, design development, construction documents, construction adnigmstrat postlesign

services (Ozkaya & Akin, 2006). During pdesign phase, architects and other professionals on

the planning team generally employ several interactive methods and techniques to collect
information on the internal and external forces thgtact a given project. Generally speaking,

the planning team may conduct environmental evaluations and assessments, collect data, research
best practices, interview different user groups, establish goals, and generate a list of technology
and equipment eeds. During this inquiry process, objectives are established, the context of the
design problem is identified, and the performance requirements are defined (Maier, Fadel, &
Battisto, 2009).

Predesign is also sometimes used synonymously with reseaestde®ign research is concerned

with determining the requirements for organization and planning thus leading to a solution of the
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project, and creating design guidelines (Johannes, 1992). One study claims that the success rate of
design based on clear anelixdefined specifications emerging from gtesign research is 3.3

times greater than a design without it (Chang, 2003).

In software design, some utilize pdesigned solutions of design elements such as libraries of
borders. As software matures througk release of progressive versions, changes are often made
which are direct results of feedback from professionals who have used the products. These
progressive changes are often developed from
building blocks, or memes that will carry the genetics of the software program (Cleveland, 2004).

7 Conclusions

To understand fiwhat design is0 or fAwhat desi

qguestion of iAwhat desi gn i slysia of hegdtive Ednmotatisns mmar y

referring to design demonstrates that design has been traditionally described in various ways at
different points of time. Researchers in specific disciplines have questioned internally about what
design means in their prafgion, although a multidisciplinary metaalysis was seldom
undertaken. Historically the debates on the nature of design have focused on why design is not
merely science, artistic creativity or problem solving. By negation, one could conclude that design
is made up of these three ingredients in various capacities and specific to the discipline itself. The
more recent discussions have considered design as a more social one.

From longstanding debates about science, art and prebtEuing to more recent digssions on
artifacts, products and technology, the design profession and its boundaries have been in constant
flux. As much as there are intellectual debates about the true nature of design and what is meant
by a design task or activities, the recentatbements in technology and collaborative designing
have rendered design activities further blurred.

While the study shows that there is more understanding on what designers do, three recent debates
have focused on the ultimate goal or products of designsidering design as an instrumental
profession, there seems to be mixed debates on whether design needs to result in a knowledge
base or aim only for change, whether and which artifacts should design produce, and to what
extent it should be a servidsed profession. With the advent otdesigning, research and pre/

post design activities, the profession is looking to further define who can actually function as a
designer and whether or not professionals and public as a whole froaesigm backgroursd

can be productive partners. A discussion on inclusivity and exclusivity of the profession will take
the design profession into a more philosophical and moral reckoning in the near future.
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Abstract. Design thinking concepts such as storytelling, framing, arelvotution, have been established from

close readings of design activity. The increase in -t@sge computational methodologies provides an
opportunity to véidate these concepts more widely. Among these concepts, storytelling is already
operationalised through various computational approaches. In this paper, we create one corpus of design activity
data from the four sharethta DTRS workshops and use Lingiaisihquiry and Word Count (LIWC) in
attempting to automatically detect components of stories. However, the conversational nature of the data
indicates that further development in methodology is needed. The contribution of the paper lies both in outlining
how an automated method for identifying stories could work and showing how the DTRS corpus can be
compared with other large datasets outside of the design discipline. This represents a further step on the way to
understanding design thinking in conversadiorontexts.

Keywords: Computational Linguistics, Conversation Analysis, Design Talk, Design Thinking, Storytelling

7 Introduction

Over a period of nearly 30 years the Design Thinking Research Symposium seriesA@k8$as

conducted four shared data workshops, generating data from design activity in a number of different
contexts including: think aloud protocols (Cross, Christiaans & Dorst, 1996), deslpmr

discussion (McDonnell & Lloyd, 2009), design edigat/Adams & Siddiqui, 2010), and @veation
(Christensen, Ball & Halskov, 2017). In bringing different research groups and traditions together, the

key achievement of these workshops has been to develop a common language with which to describe
design advity. A central research thread of these workshops has been to consider the function of
different words and the structure of different word forms in discourses of designing and evidencing
specific ideas about what constitutes design activity with textat has formed the basis of this
inquiry. The concept of of ramingbo6, for exampl e,
(1974) has been explored by Dorst & Dijkhuis (1995), Glock (2009), Mabogunje et al. (2009),
Secules, Gupta & Elby (2015), aiebng & MacDonald (2017). Such extensive exploration and
development of a common language to describe designing through analysing common data can
equally be applied to othe-evaolwt ifamiilnidaprgoinlneasn
6evaluationé.

One particular concept relating to design activity that has recently found traction is that of
6storytellingo. This is the idea that significa
occurring datasets, are taken up with narrative strestthat place actors, objects and relations in

specific contexts. Arguably the early DTRS analyses on episodic me(Wisger, 1995) and

precedents (Oxman, 1994) established a foundation for later work on storytelling to eloh@yde (
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2000) and develogLloyd, 2009). Most recently in terms of the DTRS Lloyd & Oak (2018)
identified 6value tensiond as an important funct
AA story [ é] provides a dynamic structsadtad t hr ouc
through whichdesigo r i ent ed arguments can be presented. o p
Concepts like that of storytelling, and the other concepts listed above, have given us a rich language
with which to describe and present design activity, both within the DTRS datasets and more widely in

the design research field. However, they are (necidgsderived from the selective use of examples

from design protocols. In this respect they represent the first phase of a research process highlighting
general features of design activity. A general method of the DTRS workshops when looking at
languageu s e has been to O0fitd concepts with textual
mechanism might be in play. This is a manual process of close analysis and description, selecting self
defined points of interest in the discourse and describing ithaivstract terms.

We might, then legitimately ask: are these concepts robust? Are they features of design discourse that
can be readily and reliably identified? Can we show that they are necessary conditions of design
activity?

More automated methods tEfxtual analysis have begun to be applied to DTRS data to explore more
general features of the design protocols (Menning et al., 2017). This paper extends this recent trend by
treating the DTRS data as a single corpus, amenable to computational lirenadywis. Rather than

identifying specific discursive practices within a particular dataset, we seek both to characterise these
DTRS data more broadly and begin to validate previously established concepts about designing. We

do this particularly in compaon to other types of textual corpuses. With more and more training
datasets becoming available and with analytical sophistication increasing r@picter & Jockers,

2016) it is now possible to use comparative methods to test both specific condefgd te the
DTRSdatai n t he case of t hi saswdlpsaavealtmora genecafregdlaitien r yt e |
In this paper we first describe the constitution of the DTRS corpus that we have created. We then go

on to describe the Linguistic Ingy and Word Count (LIWC) methodology, illustrating how it can be

applied to the DTRS corpus and compared to other large datasets. The main body of the paper
considers the concept of 060storytellingd,todi scus
reveal narrative and emotional arcs in textual data. We conclude by saying that although we cannot
replicate the significant results of others, we do show new methods for automated data analysis of
design activity to facilitate crossorpora comparison.

2 Building a DTRS corpus

The datasets from théour different sharedlata workshops othe Design Thinking Research
Symposium feature several different disciplines related to design: DTRBAustrial design
engineering, DTRSY architecture and engineering design, DTRS#iesign education and DTRS11

- product design. These datasets engass a variety of design activities from think aloud protocols
(DTRS2), designeclient discussion (DTRS7), design education (DTRS10), anecreation
(DTRS11). Apart from DTRS10, which followed the design process of students and the feedback they
received from their lecturers, all other datasets were collected from the meetings of design
professionals.

The datasets differ in length and in the number of participants: DTRS2 is the smallest withcanme 2

60t halndkud6é desi gn s e s s iaadranothér-fdur sassia iwithghiree designeys. gner
The design conversation focuses on a bicycle accessory. DTRS7 hashfourr@eetings, where two

of these feature conversations between an architect and his clients. The other two are between a
multidisciplinary design team working on the design of a digital pen. DTRS10 consists of 38 sessions
of various lengths, and varying number of participants. As the sessions feature -staddetr
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discussions in five disciplines (industrial design, mechanical desgnjicelearning design,
entrepreneurial design, and choreography) a different conversation hierarchy can be observed.
DTRS11 contains 20 sessioovarying length with a focus on preparing and discussing the results

of co-creation meetings. In total, ltas 17 participants. Together, these datasets contain a rich
reflection of design activities that occur in diverse stages of design including how designers think,
discuss, reflect, evaluate, and talk to their clients.

To build the DTRS corpus from thesatdsets, we first got the appropriate permissions and
anonymized the data by rendering all datasets into a tabulated format with dataset name, session
name, speaker, and utterances. We kept filler wo
adions, such as [laughs], to maintain the conversational flow. The resulting corpus has 373,983 words
spread across 64 sessions from the 4 datasets. A more detailed description can be found in Lloyd et al.
(2021) and in our sister paper for DTRS13, Charaffaan et al. (2021). This corpus, though not big
enough to be of use as a training dataset for an Al application, is nonetheless a valuable resource to
explore hypotheses about the features of design discourse and dialogue.

3 The Linguistic Inquiry and Wor d Count (LIWC) Dictionary

Linguistic Inquiry and Word Count (LIWC) is a dictionary prepared by Pennebaker et al. (2015) with

the purpose of studying the grammatical, linguistic and spsyehological dimensions of textual

dat a. LI WC prowirdés od c¢qaledosiesdreflecting the
words (Fast, Chen & Bernstein, 2016) and has been used for more than twenty yeargéocadmadye

range of textual datasets. Over the course of these twenty years, the dictionary rethheeed to

its current format, which now has about 6,400 dictionary words and word stems in 91 categories and
subcategories. These categories cover linguigig.(pronouns, prepositions), other grammeug(,

guantifiers, common adjectives), and pylolgical processe®(g.,positive emotion, insight). Table 1

lists some of these categories with word examples.

Table 1. An overview of some LIWC categories with examples. See Pennebaker et al. (2015) for the full list of
91 categories

Other Grammar

Common verbs
Common adjectives

Interrogatives
Quantifiers

Psychological Processes
Affective proc.

Positive emotion

Main Category SubCategory Examples
Linguistic Dimension Function Words
1st per. singular [, me, mine
Pronouns . R
3rd per. plural they, their, theyodd
Impersonal pronouns it, ités, those
Articles a, an, the
Prepositions to, with, above
Negations no, not, never

eat, come, carry
free, happy, long

how, when, went
few, many, much

love, nice, sweet
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Social processes. )
Friends

Cognitive processes.

Time orientation

Negative emotion

Insight, Tentative,
Differentiation

Perceptual processes. See, Hear, Feel

Drives Achievement, Power

Past focus, Present focus
Future focus

Relativity Motion, Space, Time

hurt, ugly, sad

mate, talk

buddy, neighbour

know, t hink, real i se,
but, else

view, saw, seen, listen, hearing, feels, touch

win, success, better, superior, bully, danger, do
chance

ago, did, talked, today, is, now may, will, soon

arrive, bike, go, down, in, thin, end, until, season

In comparison to coding frameworks introduced in the design literature, using LIWC as a coding tool
allows us to explore a wider range of linguistic phenomena. Existing design process coding

frameworks tend to focus on a particular aspect of design sutifferent types of reasoning, how
the design object is described, or the design stages themselves. In contrast, LIWC identifies more

general cognitive, emotional, perceptual and social processes. Since LIWC is a general dictionary
used in various disciplies for many different purposes, a LIWC analysis of design discourse can be

compared to other corpora, with the consequent potential to create new insights into what constitutes

designing talk.

We first use LIWC categories to generate a network struftane text files. The LIWC dictionary
assigns words to more than one category. For example, to think is both a verb (belonging to the

6functiono category)

overlaps, we can build aetwork where categories are represented by nodes, and words that belong to

and part of the O6cogniti v

more than one category, work as links between nodes. We analyse the DTRS corpus we created using

this approach, as well as two further datasets for comparison purposes: the MwwrieeDatabase
(IMDB) corpus with 1068 movie scripts (DanesdiculescuMizil & Lee, 2011) and a Written
Corpora with 680,000 blogposts and 500 scientific books (Lloyd et al., 2021). The IMDB corpus

gives insight to everyday conversations, and the cosgaiio DTRS dataset can highlight if there
are specifics to designer conversations versus everyday language. Written Corpora in contrast follows

rules of writing and constitutes a good example of carefully crafted sentence structure and text flow,

which islacking in conversational datasets.

Figure 1 shows

t hes

6cognitive processo

t hese words in

which we might expect to find in the action of a film script. The Written corpus has a smaller

6fun&kctad amthegory

Cognitive processb®b

desi

node,

e

gn

three datasetsd networ Kk
sizes indicate frequency of use, links indicate words shared by two categories (i.e., nodes), and
proximity of nodes isletermined by link strength. Subsequently, if two categories are frequently used
together, they will appear closer in the graph, which is useful to visualise conceptual connections. As
each dataset is defined by the way they use LIWC categories, the khetaps provide us with an
overview of both their similarities and differences. For example, the DTRS corpus uses more

st

Beside the node sizes themselves, how the nodes are connected also gives important clues. It is good
to stress here that when the nodes are closer together, mdathe tbarresponding categories share

words more frequently. For DTRS, this is especially pronounced in the three closely connected
categories: 6cognitive process®éb, 6rel atived,
covers time and spacelated words. We take the close connection between these nodes as an

words wher eas t he | MDB dat
dlerm dolaing,nse wewnaightdespect te tea ma@edof t o p
protocol s, whi élsat ¢ethe Obe

which means | ess use of pr o
ov
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indication that objects in time and space [relative] are being modelled [verb] through problem solving
activity [cognitive process].

DTRS
il
o -
» e 2D
relative
— b ] g SE 2 .,m

' 7 & x

o reilal‘WVe ¥ o 3

* » » “ ,‘d: s

IMDB Written Corpora

Figure 1. An overview of LIWC Category Network Mapger IMDB data (left), DTRS data (middle) and
Written Corpora (right). Each network has 73 LIWC subcategories as nodes and coloured according to the top
12 categories to which they belong. Relative node sizes represent the number of unique words fitasehe d

that fall into the corresponding LIWC category. Similarly, link thickness between two nodes represents the
number of unique words from the dataset that appear in the two corresponding LIWC categories.

In the following sections we explain how LIWC can be used to explore and analyse the concepts of
6storyd and é6éstorytellingd as they appear in tex
reserved for designing but is very much a pdreweryday life. We tell stories for many reasons

during conversations, however, the extent and instamteshich we do this has not been
guantitatively studied. To look at the idea of storytelling as it applies to the DTRS corpus we need

also to look abther datasets with conversations and/or stories for purposes of comparison.

4 Analysing storytelling in conversations
4.1 The structure of stories

What is it that forms the structure of a story? The search to define the basic elements of what
constitutesa st ory stretches back to Aristotlebds Poeti
and e ndoé"Certuny Frieyiag (196@rgued that narratives consisted of five key components
unfolding over time: exposition, rising action, climax, fallingtion, and resolution. The literature

studies as a field offer more theories, but for the purposes of this paper, we focus on the types of
narrative distinctions which are applied to quantitative textual data analysis. Boyd et al. (2020)
identify three nerative markers staging, plot progression, and cognitive tensian several large

dat asets. van Laer et al . (2019) identify the ¢
TripAdvisor reviews by taggingnarrative content (i.e., affective camiousness, cognitive
consciousness, spatial and temporal embeddings) and narrative discourse (genres such as drama,
tragedy, comedy &etc.). Finally, Reagan et al. (
arcso6 present irhksoffictiondotrevealghe afiedtive todnglekity of marratives.

Of the three studies mentioned above, the study by Boyd et al. (2020) draws explicitly on the LIWC
dictionary and is the analytical framewor k we ad
theory, they divide a story arc into five segments aag these to three story elements: staging, plot
progression, and cognitive tension which can be identified in terms of LIWC categories.
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Staging: the beginning of a story (i.e., the first segment) is usually reserved for introducing unknowns
to the audiece. To do so, the writer or speaker needs to use prepositions and articles more than other
word categories. Once the staging is done, the number of words from these categories is expected to
reduce in the following segments.

Plot progression: after the itroduction of characters and the setting, the story moves along by using
words from the function category. As an indicator of this, pronouns and auxiliary verbs are expected
to rise from the second segment onwards.

Cognitive tension: each story sets up itain challenges and problems that are resolved through the
unfolding of events and actions taken by the characters. These points in the story result in the usage of
words from the cognitive processes category, with the peak coming in the middle ofryheafsén

which the story moves towards the resolution.

Boyd et al. (2020) established these patterns for three different corpora in their paper resulting in the
LI'wWC dictionary file being updated for this 0s
network maps of Figure 1, words belong to more than one category. Boyd et al. found that this
overlap between categories generates some noise when looking at a narrative, so they published two
additional dictionaries to control for the overlaps. Thesdiatiaries are called\rc of Narrative

(AON) with some overlag@andAON without overlap We used both AON dictionaries as well as the

original LIWC dictionary for our analysis. The results between the three were similar, hence, we
report the results for @AON without overlas the results were more pronounced for this dictionary.
Additionally, Malin et al. (2014) analysed the emotional tone of stories with LIWC, again by
segmenting stories first into five equal length and then calculating the positiveegative affect of

each segment with LI WC6s corresponding categor.i
contaminative stories. Redemptive stories have happy endings, hence a positive emotional rise
towards the end, whereas contaminative storde® la sad ending with a negative emotional rise at the

end. Since we use the same segmentation in analyzing the narrative arcs, we will also follow Malin et

al . 6s approach to examine which emotional arcs a

4.2 A LIWC analysis of DTRS stories

For the purposes of this paper, we made the assumption that we would be more likely to find stories in
DTRS if we looked at long utterances. We therefore filtered the DTRS dataset first by the length of
utterances. As thconversations are between multiple speakers, the majority of the utterances were
short. We extracted all utterances with more than 100 words, which returned 530 utterances. Manual
inspection of these 530 utterances showed many instances where a deserigitten about objects,

or users, but few full stories with all the story elements of staging, plot progression, and cognitive
tension identified byBoyd et al. (2020)With this in mind, the 530 utterances were then filtered by
one of the authors usinganual annotation to check if the utterance contained story elements. This
resulted in 267 wutterances. 16 of these were ta
elements outlined above, whereas the majority were deemed as story snippéextual pieces that
contain one or more story elements, but do not follow the basic principles that are found in every
story. The following two excerpts illustrate the difference:

Excerpt 1. Example DTRS story

ABut at some point | think you feel l'i ke "1 '"m a
my feet", and when machines start to do everything | think, at some point we reach a level where you
say to yourself, "I want to use my hands, becausésthdiat they're made for, | want to use my feet
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because that's what they're made for", and | think they will reach that stage at some point, soon
maybe. That's what we fedlt least we feel in Scandinavia, that we want to return to the original
human, wavant to go out and use our hands, work thefakhioned way, eat like we did-im- in

one hundred years ago, so0.0

[Kenny, DTRS11, 127 words]

Excerpt 2: Example DTRS snippet

AThis is the funeral t hat t hthese aneHiedservice sheetslthats g e n |
they made up for him obviously showing in a sense his lifetime in pictures really and they had this on

the wall itself and it just framed up and down and all the pictures just kept appearing on and off the
screen and obviously in ourh a p e | itds so light itdéds quite dif:
mean this is this is sort of thing now this is started to move forward more now people wanted to do

this and | mean in the back it says if you would like to receive a DVD peas&ct the family. Quite

mad in a sense. But that's what you know this is where we are now with this. They're starting to ask

for things like this and the concern I've got was that although this man came in to see me he had this

erm screen that he had wdiave to bring in a little screen like this, a stand up screen and put it at the

front which is again in our chapel quite light, difficult to see and he was then saying about the
equipment that you would need. You'd need to have it really in the cetiteeabfapel sort of looking

at the front or doing something and it would be quite difficult to do it in that. We'd have to put it at the

side erm and he was then talking about all sorts of expensive equipment that we'd have to be leasing
from him and youow all sorts of costs. But | mean what the, the idea is this is starting to become

more the norm now. And like | say in Australia thieg saw it in Australia, and he wants to be the

main agent in this country. And so obviously it's something that teais aed thought was a money
spinner for himself | '"m not saying that it woul d
[Female A, DTRSO07, Crematorium Meeting 02, 347 words]

In the first story excerpt, an idea, or rather a question is introduced as the opening of the story: what
m&kes one a human? The staging is done via the
guestion, as |ife has brought them to the point
l i keo. Then the story unéen mahsand machikej amdjthetrdsatution o mp a
comes right after that: in order to keep your humanity, you should use your body, and not leave
everything to the machine.

The second story snippet excerpt, although much longer, does not have the five segmstaty and

elements outlined above. It looks like two stories merged into each other. In the first one, a funeral is
depicted where technology is used to tell the life story of the deceased person with photographs. There

is not a progression of the plot howeve we do not l earn the details

l nstead, we hear about the technical probl ems e
ités quite difficult to see some of tedepiating The
the deceasedbds friends and family asking for thi
company that installs the technology, and how much they ask for this service is described. For a
human reader, these snippets form the mordi®text: there is demand for such technology, but it is

not clear if the storyteller will adopt it. At the end, a resolution does not flow out of these story
elements, even for a human observer. The computational challenge is to try and capture these stor
elements automatically outside of the expected narrative arcs.
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4.3 An example analysis

To demonstrate the Arc of Narrative LIWC dictionary in action, the following DTRS story is- color
coded, with the words related to staging colouregk@mge the words that are expected to be used for
cognitive tension colored iplue, and the words for plot progression coloredieen

"Things will be veryifferent] think, causelike the current generatiorthat we aretalking to, are
peoplewho haveexperienced likghe still havea little bit, right? | had an excolleaguewho was
twentyeightmaybe and hisadis a lawyer,and hetold me that when hgrew uphe still lived in the
alleywayswith no bathroom,so that everybody hada common bathroomand now, youknow
completely different, rightZand twenty eighis not thatold, it's like our generation,so onceyou hit
ten yeardrom now, the peoplewho alreadygrewup withthe bathroomin the house they will havea
completelydifferent perceptiomf this."

[Rose, DTRS 11, Recap with consultants]

Looking at the words highlighted in orange, we see that there is no extra staging in the first sentence,
unlike the expectations. The use of article and prepositions is not higimethith remainder of the
excerpt. On the contrary, towards the end, we see that articles and prepositions are used more.
Turning to the words highlighted in blue, we sec¢
processo. R 0 s esldthe listenear to gngagdjeite cognitive processes. She does not pose a
problem or challenge that needs to be resolved throughout the story. Rose rather asks her audience to
remember a time when people did not have toilets in their homes.

Lastly, if we lookat wordsrelated to plot progressidrighlighted in green, we see that there are many

of them distributed throughout the story. Indeed, there are so many that it would be better to use a
guantitative approach to see the changing word use throughout the story. To do that LIWC offers
diverse @tions such as giving the percentage of words appearing from a given category (like
functionrwords) in a sentence, or in a paragraph, or the whole document.

4.4 Comparison datasets

To generate a baseline for datasets that contain short stories we made use of three existing comparison
dat asets. The reason for this was twofol d: Fir
hypothesis that certain LIWC categories capture cenpairts of a narrative arc would work in
conversational datasets, not just in single person monologues (Boyd et al used TED talks and Court
room orders as data). So, our first question is: How does the conversation dimension affect how
stories are told?

Sewond, since LIWC counts words given in a specific category, words used specifically during a
conversation, such as filler words, does not constitute a problem. But since we extract only one
utterance from a conversational flow, the different narrative marké a story (staging, plot
progression, cognitive tension) may occur over multiple utterances and hence be missed. So, our
second question is: What is the effect of the length of a story?

Boyd et al. (2021) cap the minimum length of a story at 250 wdmaisconversations are dynamic,

with turntaking between participants, and utterances with more than 250 words rather rare. Siill, a
short story can be easily sketched with less than 250 words. If a story is told in less than 100 words,
can LIWC still dizern a change throughout the 5 story segments in relation to the 3 narrative
elements?

Our first comparison dataset, known as the ROC stories, is a written corpus containing 50,000 stories,
each five sentences long, and generated using Amazon MechanicasTpart of a study looking at
automatic story closure by Mostafazadeh et al. (2016) at ROChester university (hence ROC). The
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sentences in these stories are brief to the point that a story has usually word counts a8uithé0

ROC corpus has two imp@ant features: it imitates the causal and temporal corrseoge relations

that are found in daily events, coming close to mini stories that are told in everyday life. Even though
these stories contain no conversational phrasing, due to their briefngsselexpected to be similar

to stories told within the flow of a conversation.

Our second dataset is the IMDB corpus, mentioned earlier in the paper, which contains 1068 movie
scripts (DanesciliculescuMizil and Lee, (2011). The scripts are formatteghow the movie title,
speaker, and the utterance. For the purposes of this research no further formatting is needed.

Our third dataset contains 20 years of radio interviews on the US National Public Radio (NPR)
network and contains the transcriptions @€1010,000 hours of audio interviews (Zhu et al., 2021).

The transcripts are formatted with the program name, session, and the speaker along with the
utterance. We assume that, even though both the NPR and IMDB datasets are scripted in some form,
they area close approximation to everyday conversation.

We follow the same prprocessing steps that we applied to the combined DTRS dataset. For both the
IMDB and the NPR datasets, we filter for utterances which were above a certain word count (WC).
As these diasets are considerably larger than the DTRS datasets, we set the threshold to utterances
with more than 140 words. After this filtering, the NPR dataset yields 8048 utterances, and IMDB 145
utterances. The results of filtering reflect the differenceshen average utterance length of these
datasets, and of course the differences between the different types of conversation flows. Before
filtering NPR consists of 105258 utterances, so the dataset contains lengthy utterances. In comparison,
IMDB dataset hasimost three times more utterances with 304713, but most of the utterances are
short, and the 140 WC threshold yields only 145 results. The utterances in the ROC dataset are more
or-less identical in length so we did not do any further filtering and ralydpicked 10000 stories for

our analysis.

To show the similarities and differences between the stories in our three comparison datasets, we
show some an example from each one of them. The five sentence length ROC stories have the
expected storarc elemets, i.e., a beginning, a middle and an end:

An example ROC story:

AfJenni fer has a big exam t omor-nighter. Sh&vwestintgp oldass s o st
the next day, weary as can be. Her teacher stated that the test is postponed faekedewnifer felt
bittersweet about it.o

In comparison, the IMDB dataset contains stories that are more diffuse: sometimes the beginning or
end is not so clear as the conversation takes a different turn, or the story is packed with filler words
asking fa participation from other speakers:

An example IMDB story:

AiThere was this kid that I grew up wit h; he was
up to me, you knowWe did our first work together, worked our way out of the stréaings wee

good and we made the most of Ruring prohibition, we ran molasses up to Canada and made a
fortune; your father too. | guess as much as anyone, | loved him and trusted him. Later on, he had an
idea to make a city out of a desert stoger for G.l.'son the way to the West Coast. That kid's name

was Moe Greene, and the city he invented was Las Vegas. This was a great man; a man with vision
and guts; and there isn't even a plaque or a signpost or a statue of him in that3oweone put a

bullet throwgh his eye; no one knows who gave the ord&hen | heard about it | wasn't angry.

knew Moe; | knew he was headstrong, and talking loud, and saying stupid tBiogghen he turned

up dead, | let it go, and said to myself: this is the business wedgem. | never asked, who gave the

go ahead because it had nothing to do with busin

79



NPR stories are similar to those of IMDB, especially when the speaker that tells the story is not a
radio host, but they are more natural in terms of evengmyersation, with false starts, casual
reflections, and repetition:

An example NPR story:

il wal ked in and then | | ooked around. And | rec¢
an audition. | mean, the girls had make up. The guys haeé #iek outfits on. And | look like, pretty

much, an athlete that just left the gym;slmowered oh well. The music comes on and let me tell you

guys. | was freaking living in these dance moves. | was like, | don't care what happens. They're going
to remenber me, even though | don't even live here. So there was like 200 people at this audition. At
the end, there ended up being seven guys and five girls. And they put us on video and they were like,
you know, if we want you, we'll give you a call in a coupeks. And | literally left there like,
whatever, this doesn't matter. | don't even really care. | went back home to New Jersey. Two weeks
later, | was at the laundromat with my pocket full of quarters, when | got the phone call that the
agency wanted m&® move to LA to pursue a career in dance. So, | get there, | was dancing. | did
some TV shows. | did some musicals. | was teaching a dance class and my dance class at the gym was
really popular. So my big break came when a friend called me and saidhbeg/s this company

named Beach Body that wants you to see if you can develop a project with them. So, | go into the
Beach Body office. | ended up being there for two hours and that day | left with my contract for Hip
Hop Abs. 0

As with the DTRS dataset, we used the LIWC AON without overlap dictionary to analyse the three
comparison datasets. For the ROC dataset, each story is already clearly defined so can be used as a
baseline for the other datasetfie ROC story dataset doestrhave any conversational noise and,

even though short, contains the basic elements of staging, plot progression, and cognitive tension as
well as having emotional valencyor all datasets AON automatically calculates articles and
prepositions separatetynd r eports them as HfAstagingo. These w
the first segment of a story. The rest of the function words (i.e., pronouns, auxiliary verbs, negations,
conjunctions, and nonreferential adverbs) are calculated separately |las lvesle relate to plot
progression and are expected to be higher in the middle of a story. Cognitive words are expected to
follow a similar curve to plot progression and are the last category that is extracted using AON.

We remarked earlier that the stwitold during conversations in the DTRS dataset do not necessarily
neatly contain al/|l el ements that are used in def
One simple difference is in the type of words used: during conversation wor@skhatvledge the

audience, or the interruptions that come from the other participants of the conversation, are common.

The stories are often short with sometimes just a short story snippet enough to make the other
participants take on the remainder of thiens A simple description of a character, a place or an

object can be enough. This raises the question: Will AON categories capture all or some part of the
conversational stories in the DTRS dataset?

5 Results
5.1 The narrative arc of conversational stories

For all four datasets the LIWC tool splits each story/utterance into five-sizeal segments. For

each segment, the sum of all words relating t he nar r asttiavgei nngadr, k eérpsl oaf p&
angdognitive tensiond are calculated and divided
giving a normalised percentage figure for each narrative makk®ean percentage is then calculated
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across all segments for each narrative marker. The resuksdb segment are then expressed as the
standard deviation from this meahhis means that even if stories do have differences in length or
have a higher percentage of word use in a certain category, they still remain comparable. The mean of
all standarddeviations for a particular segment, across all stories in the dataset, forms the final
number on the 3axis shown in Figure 2. Table 2 shows an example of how this works for one story
only.

Table 2. An example calculation of LIWC results for one storigtance. Each segment is normalized by
calculating the standard deviation from the mean of all segments for each narrative marker.

Segment| Segment | Segment | Segment | Segment | Mean
1 2 3 4 5 %
Staging (%) 12.50 12.50 20.83 4.17 38.10 17.62
NormalizedStaging
(Standard - Deviatiof 4y | g 49 0.25 1.04 | 159 i
from mean percentag
figure)

As noted previously, the DTRS, NPR and IMDB all contains various conversational filler words. The
DTRS stories have the highest number, with utterances almost always starting withtakitgn
event acknowledging the previous utterance. As we have rastedethe data for such conversational

effects, we therefore expect to see certain dif
Boyd et al. (2020). Since, even though such filler words are not counted, they do take up space. If the

first two seénces i n an utterance are only conversat.
maybeé But if you thinké Let me put it this way

have no staging words, which will appear later. Looking at the resultsTiaSHtop, left in Figure 2)

for example, we see that staging starts in the second segment, rather than the first. Cognitive tension is
highest in the first and lowest in the last segment, as the start and end of an utterance relates more to a
change in spker than to the story narrated within the utterance. We should also emphasize the
confounding factor that the DTRS data shown in Figure 2 is for both story snippets and stories.

IMDB stories do also contain filler words, but not necessarily in the saageag/the DTRS data. In

contrast to DTRS, IMDB stories are often presented through monologue, and hence the narrative
processes can appear similar to classical stories. Lastly, NPR stories, especially if coming from
program hosts, follow a written narragivarc the best, though the 8000 utterances do contain a wide
variety. ROC stories should in theory all have the same style, all being created from the same rule of
being 5 sentences long and should mimic a classical narrative arc. So, we expect tonsest the
fluctuations from the norm in the DTRS dataset, followed by IMDB, NPR and ROC.

Figure 2 shows that among all datasets NPR (bottom, right) comes closest to the expected narrative
arc. After the first part of the story, words related to staging arelessdnd less, and the words for

plot progression and cognitive tension are used more and more. The cognitive tension words are not
used as expected, i.e., in the middle, and in general their usage is quite low.

ROC stories do follow the narrative arcr fthe plot progression and cognitive tension narrative
processes, but not so much for staging which stays relatively constant. For both the IMDB and DTRS
dat aset s we can say t hat although t he 6stagin
progress n®é and 6cognitive tension6 narrative proces
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Figure 2. Staging, Plot Progression and Cognitive Tension for stories in the DTRS, IMDB, ROC and NPR
Datasets. The-axis shows the segments, theaXis shows the mean stéard deviation for each segment across
all dataset stories, (narrative markers for each segment for a single story are calculated as the standard deviation
from the mean percentage value of one narrative marker across all segments.)

Here we need to note that narrative arc processes for each dataset are mapped within an exceedingly
small margin, and do not reflect a real consensus in the data. For example, for DTRS (top, left in
Figure 2), the staging starts low, picks up in the 8esiment and drops steadily till the last segment.
However, this latter movement is only due to a change of 0,08 standard deviations, much less than the
changes reported in Boyd et al. (2020). If we plot each story in the DTRS dataset separately, we see
mary different shaped arcs, without a clear overlap. In this respect, Figure 2 shows a clearer picture
than the reality.

5.2 The emotional arc of conversational stories

Even though DTRS, IMDB and NPR are conversational datasets, their emotional tonly i® Iihe

quite different. Of the three datasets, DTRS contains conversations recorded at various stages of the
design process, and the stories (or story snippets) are told largely to further those design processes. As
observed by Lloyd and Oak (2017) angsdribed in the beginning sections of our paper, stories can

be used to frame or negotiate Avalue tensiond wi
arc of conversational stories, we expltoernesitomed q
brings with it positive or negative emotional content in the terms discussed earlier of Malin et al.
(2014).

In contrast to DTRS stories, IMDB and NPR stories are told with a variety of purposes and to a far

wider audience. IMDB, mimicking everggl life, has stories that enhance character, motive, and the

overall plot of the film. NPR on the other hand is a radio program reporting hewsworthy events along

with everyday happenings. The appeal to a wide and diverse audience means that the ugmaf emot

toning may be more pronounced in these datasets. The ROC stories are the shortest stories so their
emotional arcs might be difficult to capture using this technique.
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Figure 3. Positive and Negative Emotional Arcs for the DTRS, IMDB, ROC and NPRses. The Jaxis

shows the segments, theaXis shows the mean standard deviation for each segment across all dataset stories,
(narrative markers for each segment for a single story are calculated as the standard deviation from the mean
percentage valuef one narrative marker across all segments.)

Figure 3 shows the results of looking at emotional valence through the five segments of the stories
identified in each dataset. For the DTRS stories (top, left) there is a regressive emotional arc, i.e., both
for positive and negative emotions there is a fall throughout the stories and snippets. Conforming
more to expectations, the IMDB stories (top, right) have afaiéeshape emotional arc for negative
emotions, with the opposite failse shape for the pilise emotional arc. This might indicate that in
general the IMDB stories have happy endings.

With the NPR stories (bottom, right), the negative emotional arc is steadily rising but more or less
stable, whereas the positive emotional arc demonstratdlsraséalU-shape which can define a more
dramatic affective trajectory, but again, largely ending happily. ROC stories do not show a clearly
defined trajectory, though it is notable that both positive and negative emotional tone rises
significantly during lhe fourth segment (sentence) of these stories.

For both Figures 2 & 3, although we can discern narrative shapes for the four datasets, they are much
less significant than those reported by Boyd et. al. (2020). This may be due to their conversational
nature (DTRS, IMDB, NPR) or length (ROC) making tleiation of results very high and leading to
generally low mean standard deviation rates. Boyd et. al. (2020) report differences of 2 standard
deviations, while the biggest difference we found was 0.35 for narrative processes (DTRS) and as low
as 0.03 fothe emotional arcs (ROC).

6 Discussion and conclusion

Our overall aim in this paper was to create a corpus of the DTRS shared datasets and explore this in
relation to weHestablished concepts relating to design activity. Previous DTRS studies have largely
been within a set of data, but building a corpus allows us to compare design activity with other types
of activity to reveal more general regularities. We showed how design activity differs from other
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datasets by applying the LIWC dictionary to find thageneral design activity demonstrates a closer
relationship between time, space, cognitive process (problem solving) and verb (activity).

We went on to explore (and attempt to validate) one aspect of design discourse (and DTRS data)
identified in previlks st udi es, that of O6storytellingé6, t o ¢
yield. We drew on very recent work using LIWC to look at stories, and again used comparisons with
different corpora to explore the shape of narrative and emotionalracmsversational datasets (as

well as in DTRS). Even though previous studies indicate that systematic/automatic ways of tagging
stories can yield significant results, our study did not manage to replicate these results in
conversational data. We discusseliy the need to maintain tutaking in conversation may interfere

with clearly defined stories. Story length also proved to be problematic, with very short stories not
having enough linguistic markers to reflect the same scale of the narrative and amatemn
captured for longer stories.

Before concluding that it is not possible to capture the stories that previous studies of design activity
have identified, we must look at the methodology we used to recognise and calculate narrative
markers. Though cafstent with the literature, fixing utterance length and having equal segmentation
may not be suitable for conversational datasets, particularly smaller ones, where stories are likely to
be told over multiple utterances. As we noted, this tends to ressiibiy snippets, rather than entire
stories. In future studies we will explore the possibility of more dynamically identifying and
extracting story shapes of narrative markers independent of fixed utterance and segment size.

LIWC has advantages that ararti to beat. LIWC as a tool is very easy to use, requiring no technical
knowledge. The categories of LIWC need to be understood at the conceptual level: for example, what
does it mean if someone uses more fitson pronouns? Or what happens linguidticalhen
someone is describing an object? By studying example datasets, one can get acquainted with how
these categories are distributed in different type of speech, writing, or even by individual speakers.
Combining the use of categories as done by vam éaal. (2019) enables one to generate complex
models to analyse text by simply counting words.

What we hope to have shown in this paper is a new way to think about, and analyse, design protocol
data on a larger scale than previously. As more and moaseadatbecome available, the techniques

we have used in this paper will become more common in determining how different kinds of design
activities are constituted in text, and how they compare with other types of textual data. Our longer
term goal is to cr&te a design dictionary as part of LIWC, to identify designerly ways of talking in
large datasets.

In conclusion, although using a LIWC analysis to explore the DTRS data shows considerable
promise, we found it difficult to validate the existing concepstoirytelling (Lloyd & Oak 2018).
Whet her this would equally amlyutooadnceptasm loipl
but the conversational nature of the data is likely to be a confounding factor, so methodology needs
development. The quisn remains open as to what type of stories designers typically tell, and how
they go about telling them. Despite this, we have shown how an automated method for identifying
stories could work. Constructing a corpus of the DTRS shared data and compaithgother large
datasets outside of the design discipline is a further step on the way to understanding design thinking
in conversational contexts.
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Abstract. Analysing records of design activity such as transcripts or documents have tyipicallyed close

reading of transcripts and manual identification of concepts and behaviours. We explore the applicability of a
machinelearning based computational tdotalled Empatt® in identifying highlevel patterns in design talk.
Specifically, we usedt to examine the datasets from the Design Thinking Research Symposium (DTRS)
workshops for two contrasting aspects of designotdlie expression of tentativeness that characterises
designer sd expl osolationispane, and thetexpessipreawsd reasaming that characterises
designersd analytical thinking. We find that such a
However, the | ack of design relevance i-categpidationst ool 0s
that still need resolution through close reading.

Keywords: Computational Linguistics, Conversation Analysis, Design Talk, Design Thinking, Machine
Learning

1 Introduction

Is design activity characterised by an equal balance betiwataiiveness and speculation on the one
hand and by evaluation and justification on the
cycle of activity generally describe projective activity, characterised by tentativeness or epistemic
uncertainty, éllowed by explanatory (or rationalising) activity, characterised by evaluation and
justification (loyd, 2019. For exampleSchord s1999 description of designing as a series of
reflective Omoving experimentsd is premised on t
the world before the understanding of its implications can take place and therefore be justified.
Similarly, Roozenburg (1993describes a process initiated by the logic of abduction prior to a
deduction of consequences. An equivalence of projective and explanatory processes in design activity
is suggested by these models buthis thorne out in actual practice? To attempt to answer these
guestions, we examine an aggregation of four datasets that resulted from the Design Thinking
Resear ch Sy mpdataiwonkehdps, arsd lccamputationally categorise sections of the data as
indicative of tentativeness and of causation. We then observe patterns in which these two categories
occur across sessions and examine the contexts in which they occur together or separately. In doing
so, we also explore the advantages and disadvantagesiefmmeammputational analysis tools that can
supplement a close reading of text.

Over a period of nearly 30 years the Design Thinking Research Symposium Geres2018 has
conducted foushareddata workshops, generating data from design activity of largely professional
designers in a number of different study conditions. These datasets include think aloud protocols
(Cross et al., 1996, naturallyoccurring designeclient discussion MicDonnell & Lloyd, 2009,

design educationAdamset al.,2016, and naturallyoccurring cecreation Chrigensen et al2017).
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The disciplines of design from which this data has been generated have beenaindesign
engineering (DTRS2), architecture and engineering design (DTRS7), design education (DTRS10) and
product design (DTRS11). Seétprovides a short summary of each workshop.

In previous work I(loyd et al.,2021) we have explored the idea of epistemic uncertainty using
Linguistic Inquiry and Word Count (LIWC)Pennebaker et al.2019, a tool with predefined and

curated lexial categories used to tag, categorise, and classify text based on the association of the text

content with these categories. Specifically, we
we found words associated with hypothetical, tentative thigki such as #Ai f o0, i may
Aperhapso, Apossi bl yo, and fAprobabl yo. The use

the designer is considering or suggesting the exploration of a possibility or future conditional. For
example, in the idcussion between an architect and their client concerning the design of a
crematorium (DTRS7) the architect asks:

i...did you s ee mighhhaw itsaosvn small depterrcie it dr Boane alike
feature inside it?0

In this and a sister papfar DTRS13 Akdag-Salahet al.,2021) we draw on a corpus resulting from

the combination of the four sharddta DTRS workshops to computationally explore the concepts of
itentati veanssasd ocavdri@dtated to designing found i
explore the pros and cons of such a computational approach when used tocmalgpés relating to
designing. This is something that has only recently become relatively easy witld analyses of
designers prior to this mainly f oc udentficgtionmh s mal |
textual excerpts to identify new conceprtsis traditional way of analysing desiguwtivity is akin to

Acl ose r eadi iteray research twigere nthe gaoal islto focus on speeaifiments,
individuals, or ideas and trace their evolution acrossthe document(s)(Janicke et al., 2015. In
contrast, fAdistant Moretta(2005nigadgppraachs tekeamlobalviewnfad by
text or texts, visualizing its (or their) global features.Distant readingthus relies on computational
analyses of large text, the results of which are presented graphicallyfannthef simple chartsor
complexdatavisualizations.

Our examination of tentativeness and causation outlined above follows this distant reading approach
at first, looking at global patterns of occurrence of these categories across datasets and sessions.
Specifically, we use a tool called Empathagtet al., 2016 andits pre-trained machinelearning

modelto first generate lexical categories containing words corresponding to the notions of
tentativeness andausation, and then find matches between these categories and speech turns in the
dataset transcript$Ve thendrill downto patternsof interestandexaminethemthroughclosereading

to critically interpret not only thecontext of the exchangeunderlying the patterns,but also the
accuracyof the computationabpproachusedto identify the patterns. We posit that such an approach

can helpexpand the contexts in which one might expect to find instances of design thinking and help
train the next generation of artificial intelligence (Aldsed conversational systems to recognise
designerly talk.

2 The DTRS Dataset

The DTRS seriesQross201§ has hel d a series of fAcommon dat a
four shared datasets, created with a view that different perspectives, methods, and theories can be
proposed and tested usitliese common data. The four datasets cover the disciplines of industrial

design engineering (DTRS2), architecture and engineering design (DTRS7), design education
(DTRS10), and product design (DTRS11). Some details about the datasets are provided below.

DTRSO2 consists of one-B our -dltdhvuac& desi gn session with a si
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hour session featuring a team of three designers. Both sessions work on the same design problem, a
cycle pannier, verbalising their thoughts.

DTRSO07 consists offour 2h ou r meeti ngeccoufrréd mgtourdaelsliygn acti v
meetings feature an architect communicating his designs to his client. The other two meetings feature
a multidisciplinary design team discussing initi
DTRS10consists of 38 videos of varying length showing design reviews in five disciplines (industrial
design, mechanical design, serviearning design, entrepreneurial design, and choreography). The
videos are diverse and feature a range of interactiasrb primarily based around teackardent
discussion, both individually and in teams.

DTRS11 features 20 video recordings, again of varying length (up to 45 mins). In the first sessions
the design of two careation session for a large car manufactarer discussed. The -@peation

sessions are filmed, and these are followed by videos discussing-tieation sessions and the
possible design products that might result.

Table 6 shows the session numbers and lengths for each of the four DTRS corpora. At a combined
373,983 words, these datagespecifically the types of discussi@rovide a composite picture of

design activity. Together, the corporaopide opportunities for examining different kinds of
discussions at scale. However, most contributions that have arisen from the transcripts and videos
have involved close reading and manual analysis of specific datasets and sessions. These
contributions such as analyses of framingdng et al.2017), storytelling Lloyd & Oak, 2018, and
spiderwebbing Mabogunje et al.2009, provide conclusions in the form of hypotheses that need
testing with larger datasets.

Table 6. Dataset Statistics

Dataset Sessions Dataset Size SessiorSize (words)

(words) Mean S.D.
DTRS2 2 37,969 18,984 4,085
DTRS7 4 68,861 17,215 4,944
DTRS10 38 92,751 2,441 3,424
DTRS11 20 174,402 8,720 4,590
Total 64 373,983 5,843 6,162

3 Methodology

To illustrate our approach of using computatiotmalls to examine designerly ways of thinking, we

look at two kinds of behaviours that have been examined in prior research through close reading and
gualitative text analysis. The two behaviours we focus on are expressions related to causal
reasoning where designers express or enquire about the reasoning behind decisions or observations
(Cardoso et al20146 and tentativenedswhere designers use downtoners and other expressions of
vagueness tgoften their language to strengthen social tielbgk, 2009 or to express epistemic
uncertainty Ball & Christensen2009. Usinga tool such as LIWC provides a scalable alternative

or at the very least, a complementary apprdaithclose reading, which has been the traditional way

to analyse such transcripts. With LIWC, one can identify the parts of the transcript that contain terms

t hat are indicative of Amovement 0, Apositive e
categories and sutategories preefined in LIWC. A simple way that LIWC achieves this is by
looking for words in the transcript that match words defined irntegoay of interest.

However, predefined lexical categories may not always match categories that researchers are seeking
to identify for their work. For instance, in our prior work, we found that the LIWC subcategory of
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Aitentativeod di d waysihwhehktantativengss waea expldred inthe DTRS datasets

(Lloyd et al, 2021). Empath Fast et al.2016 is atool that seekso addr ess LI WC6s | i n
predefined set of categories that may not addre
LI WC6 s - penematedh and curated categories and associated dictionaries, Empath provides a set

of nearly 200 machigenerated categories that are then validated by humans. Empath also provides
users with the ability to generate a new category by supplying seed terms that they think are
associated with the intended category.

E mp at hdeBnedategories are genethfeom dependency relationships in ConceptNéd &

Singh 2004). Terms in each category are generated from seed terms that are in turn used to query a
vector spae model, which is a representation of documents as vectors in-difnighsional space

such that proximal vectors represent similar documents. The vector space is created by mapping the
neural embedding of a neural network based on agkim architectuer (seeMikolov et al, 2013

trained to predict words that -@zcur in a large corpus of text. Empath uses a dataset of modern
fiction® as the training corpus, as it (a) provides a better drezfdibpical and emotional categories,

and (b) correlates better with the categories defined in LIWC than corpora containing news articles or
online discussions.

To generate a new category, the user provides a category name and a set of seed termficsEmpath
generates vector representations of seed words based on the vector space model and sums the vectors
to create an fdAanalogyodo vector t hat represents ¢
gueries the space for a vector corresponding taaitegory name and adds it to the above analogy

vector. The vector space in the neighbourhood of this analogy vector is queried to find additional
terms related to the category. For instance, providing a list of seed terms siich asi t t er O
ii nst agdfndad nmdc e bnd a dategory name dfs o ¢ i a | retume slichadditional terms as

Ati mefhaeffiagdi fifditi @t ¢ andfs B wmgleddrodwhich are terms

associated with social media.

In this section, we describe our use of Empath to create lexical categories seeded with terms
associated with tentative thinking and causal reasoning. We then use these categories as lenses with
which to examine the DTRS datasets.

Table 7. Data format of the combined DTRS datasets used for the analysis in this paper

Dataset Session Speaker Content
DTRSO02  Think-aloud Interviewer i B e fl givegouthedesignbrief, are thereany questionsaboutthe
procedur e?o0
DTRS02 Think-aloud Dan fi U mlo, otherthanthe...l havethesetwo referencesere,thefile of
information that you have Um.. | will just ask you for..wh
identify. .l say what kind of
é é é é
é é é é
DTRS11  Follow-up Interviewer f| understand that, alright,
interview want to add? Wedve been thro
DTRS11  Follow-up Ewan fi(laughs) no, | think 16m o
Interview anythingreht ed to this at | eastod

1 https://wattpad.com
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3.1 Processing the Text

The transcripts for all 64 sessions across the four DTRS datasets were cleaned to remove time stamps,
location descriptions, and descriptions of any seating arrangements since our focus was on the content
and context of what was being said. For this sagasan, i i ne descri ptions of
such as pointing, or gesturing were retained. The transcripts were combined in such a form as to
enable analysis of the combined dataset, while still being able to filter for individual datasets,
sessions, ospeakers. The format of the data set up for analysis is illustrafieabia7. As shown in

the table, the order of rows follows the order of speechitts f r om each sessionds t

3.2 Creating Lexical Categories

To choose appropriate seed terms to cQaelgsdet t he |
al. (2014 and their studpf the DTRS10 dataset involving design feedback sessions between students

and instructors. The study revealed that questions that help students think about their design rationale,

the potential effects of their design choices, their interpretation aédefdnenomena, and other forms

of fdeep reasoning questionsod aid studentsd ref
involved qualitative coding of the transcript through close reading and reviewing of the corresponding
video recordings, we a&mpt to explore the occurrence of such questioning or expressions of
reasoning through a lexical category that we create through Empath.

Focusing on the fAcausationodo (why) and fAprocedur
words such asibecatiseé§Bexkpl@dhowowh,yetc. to generate a category called

fi Ca u s ausing&mpath, resulting in a lexical category with the following 84 terms:

because, given, moreover, regardless, though, yet, affect, affected, affecting, affects, appeal,
attachment, basis, causes, circumstance, complication, concerning, conclude, conditions,
consequence, consider, context, conversion, crisis, critical, crucial, depends, determine, disastrous,
downfall, effect, effected, end result, essentially, experiexpdain, extent, function, illness, implies,
imply, influence, justify, killing, kind, knowing, magnitude, main problem, mean, meaning, means,
meant, mental state, method, might, mindset, motive, necessity, occur, outcome, part, possibly,
potential, predit, proves, purpose, real problem, reason, regardless, relation, relevant, result, side
effects, significance, significant, situation, specifics, suppose, surely, telling, terms, therefore, though,
understand

Though some wor ds s u e fitinta the ifitendied lexical sateg@daad whilet qui t
the category can benefit from removal of such térrfts the sake of replicability and to highlight the
shortcomings of such approaches, we make no modification to the generated set of terms.

The second exi c al category of itent at i v-ficld énsdesign i s mo !
research known as fAepistemic uncertaintyo. Thi s
situations of uncertainty to lessen that uncertainty and progress #ign derocess Rall &
Christensen2009 Ball et al, 201Q Cash & Kreye 2018 Christensen & BaJl2018 Christensen &

Schunn 2009 Paletz et al.2017). Prior work examining the DTRS7 datasBall & Christensen

2009 Glock, 2009, the DTRS11 datas (Christensen & Ba)l2018, and other studiesCash &

Kreye, 2018 have shown that designers typically use downtoners, hedgedalnaolverbs and other
expressions of tentativeness to express such wunc
framing, mo v i n g $Schoa 1984 wheread designer mgkésiuqated guesses and
suggestions as a way of moving forward in the design process. In our priorlwaydt ét al, 2021

we examine tentative aspects of design conversations and find expsessipossibility such as

modal adverbse(g.,could, might, probably) to occur prevalently across all DTRS datasets. Using

seed terms such d@isi ,(fiogna y ,iend ghpér hApe &s i pt g b,atlingEnpath, we
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use the category name ®dfT e n tn & tste geaerate the lexical category correspondingpistemic
uncertaintythat includes the following 59 terms:

able, actually, afraid, also, although, any, anyone, anything, anyway, assume, assuming, because,
besides, case, definitely, doubt, eitrese, exactly, expect, figured, guess, hoping, however, if, knew,
knowing, maybe, mean, meant, might, must, now, obviously, only, or, otherwise, perhaps, personally,
plus, possibly, probably, should, so, suppose, supposed, sure, surely, though, théeggtywamted,

well, whether, willing, wish, wonder, wondering, yet

We refer to this category as fitentativenesso in
reasons: to connect to LI WCG6s At e nekported inmpriorr subc a
work (Lloyd et al, 2021), and because the category name provided in Empath also influences the
words generated. Since Empath is trained on domairspedific text like fictim , At ent at i vene:
more interpretable category than fAepistemic unce
Using discussion turns as the unit of our analysis, we counted the number of matches between each
lexical category and the words in the turn, and normalized the count for ®wva, dividing the

number by the total words in the turn. We only lookedvitiole wordmatches and chose not to

lemmatize the words, neither in the turns nor in the lexical categories, as the sense of suaagvords (

modal adverbs) is often linked the specific form of the word. In the following section, we use the
measures of matches between speech turns and the two lexical categories created to examine the
question of whether design activity is tentative or rational. We attempt to answer thiem@es

different levels of aggregation: at the level of the dataset, sessions, and then individual speakers.

4 Results

Simply counting the number of turns that contain at least one match for each lexical category and
normalizing this count with the total turns for each dataset, we immediately see a higher incidence of
speech turns that express tentativeness exclusivebthér words, of the turns matching at least one
lexical category, most of the turns feature a match teithativenessvhile having no matches with
causation(Figure 4). The next highest set of matches belong to turns that nhatithcategories
(tentativeness and causation), while only a small number of turns match exclusivebaugttion

At the dataset level at least, design discourse appearscimabacterised more by tentative thinking

than it is by thinking about cause, effect, or rationale.

dtrs-02 tentativeness only
causation only
both

dtrs-10 4 neither

dtrs-07

dtrs-11

0 2I0 4I0 6IO 8IO 1(IJO

Proportion of speech turns matching lexical categories (see legend)
Figure 4. The proportion of speech turns in each dataset containing terms from the lexical categories of
tentativenessgausation, and both. The highest proportion of the matched speech turns fall exclusively under
tentativeness, followed by turns matching both categories. Only a small proportion of turns fall exclusively
under causation

Figure5 shows a general overview of the degree of correlation between the two lexical categories for

the average turn in each dataset. Each dataset is represented by a scatterplot, with each dot in the
scatterpl ot representi ng - and ypositions anrrespengirg ga the, and
normalised count of matches between the words in the speech turn and the lexical categories of

92



tentativeness and causation respectively. The slope of the regression line confirms what we see in
Figure 4: on average a turn contains more matches withteh&ativenessategory than with the
causation category. The counts for tentativeness and causation are not norméligutis, so
correlations were computed using Kenda/.

DTRS-02 DTRS-07 DTRS-10 DTRS-11
1.0
08 b=0.27 p=0.39 b=0.34 b=0.28
p < 0.001 p < 0.001 p < 0.001 p < 0.001

causation
o o
» o

@ @

o
(]
[ ]

o
o

{ 4

00 02 04 06 08 10 00 02 04 06 08 10 00O 02 04 06 08 10 00 02 04 06 08 10
tentativeness tentativeness tentativeness tentativeness

Figure 5. Scatterplots for each dataset showing the nor ma
fi t e n tlexical categoriedor eachspeechturn. Eachdot in the scatterplotcorresponds$o one speechurn.
The x-position of the dot shows the total matchesbetweenthe words in that turn and those in the
fit ent atcategeydidedly the total number of words in that tuffhe y-position of the doshows the
corresponding measure for that twith the i ¢ a u s aategooy degressiorline is shownfor eachplot,
with the slopeindicating a greaternumberof matches withtentativenessather tharcausatioron average for
the speech turns. Kend&IM/ coefficientsdo not show atrongcorrelationbetweerthe two lexical categories
for thedatasets in general

Since the chart irFigure 4 is normalized for the number of speech turns, we can compare across
datasets and see if it aligns with our understanding of the datasets at this level. Of the four datasets,
DTRS10 is the onthat involves design reviews as teachierdent discussions. We thus might expect

a greater proportion of turns in this dataset centred around causation with the instructors asking
guestions about design decisions and the students attempting to exptaikitveever, we see that it

is DTRS11 that has a higher proportion of turns related to (a) only tentativeness (close to DTRS2), (b)
both tentativeness and causation, and (c) only causation (similar to DTRS10). Perhaps this high
proportion of tentativenessd causation is because of the sessions that compose-DII;R@hich

include cocreation workshops followed by sessions that involve reflective activities such as
debriefing, sharing insights, clustering insights, linking insights to projects, to nhame Wewext
examine the lexical category matches at a session level to verify some of these conjectures.

DTRS-07 DTRS-10 DTRS-10 DTRS-10
10 crematorium meeting 1 Client Review Final Review . Final Review
’ (Sharon, graduate) (Emily, undergraduate) (Tommy, undergraduate)
08 b =0.48 b = 0.63 p=0.34 b = 0.60
p < 0.001 p < 0.001 p < 0.001 p < 0.001

causation
o o
s o

o
)

0.0

00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 1.0
tentativeness tentativeness tentativeness tentativeness

Figure 6. Scatterplots for four sessions in the entire corpus that show a moderate to strong ass@£ition (
0.34,p<00p between the normalised number of matches of
Afcausationo, for each t ur n. Figdfeldenclypdingpthe regressianilimas dand r t o
Kendals W coefficients. The plots are coloured by dataset
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4.1 Examining higher incidences of tentativeness and causation

Figure6 shows four sessions whose speech turns show a relatively stronger association between their
matches to both lexical categories. The correlations are modersitteng (Kendafis W ranging

from 0.34 to 0.63. However, we refrain from making claims baseu statistics alone, choosing
instead to examine some of the exchanges in the sessions.

25
4 - . . . .
00 DTRS-07 DTRS-10 8 DTRS-10 final review (Emily)
» 350 crematorium 20 client review 7
c ! 4
5 3001 meeting 1 (Sharon) 64
ey
@ 250 154 5
[}
(=%
? 200 - 4
o 10 4
55 150 34
E
100 2]
2 54
50 1
0 T T T T 0 T T T 0 " T T T r T T T T
AA AM CL PL Chris Paul Sharon Derek Don Emily Female John Josh Male Mark Steve
191 DTRS-10 final review (Tommy) tentativeness only
@ causation only
R both
< .
] o neither
[
Q.
"
5,
[
Q
€
2 24
0

T T u T T T T T T
Angie Derek Don Glen John Josh Mark Nick Tommy

Figure 7. Speakemwise turn counts for the four sessions identifiedFigure 6 showing relatively higher

association between causation and tentativeness in spoken turns. The proportion of turns that include a match

that is exclusively with the tentativeness category (orange), exclusively with causation (blue), and with both
categoes (purple) are shown. Some anomalies are i mmedi a
in Emilyés final review session (DTRS10) have at | ea
Derek and John have no matches at alhthe causation lexical category for the same session

Figure 7 shows the speakavise turn counts for these four sessions. Right away, the reasdrefor t
correlation is evident: there are almost no speech turns that match exclusively witusa¢ion
category, which means that if a turn matches with causation, it almost certainly also matches with

tentativeness. DTRS76s first crematorium meetir
categories and looking &igure7, it is possible to guess why: the overlap between the categories is
the highest among the four sessions shown in thi

comes close, litthe turn count for the DTRS7 session is an order of magnitude higher, resulting in a
stronger correlation between the two.

Examining the turn distribution among the speakers, as well as the proportion of tentativeness and
causation (and both togethery@ss speaker turns gives us an interesting perspective of the speakers

t hemsel ves. For instance, in DTRS76s crematori u|
AA (the client) and AM (the architect). We can see frBigure 7 that a greater proportion of the
architectds turns are associated with tentative
number of ideas based on requirements pdsedhe client, and is thus using expressions of
tentativeness as part of t he fAnami 8bhon 1984. ami ng,
Consider for instance the exchange below. Words that match with the tentativeness category are
highlighted inorange words that match with causation are highlightetlire, and words that match

with both are highlighted ipurple

AM (ARCHITECT): So youcouldhaveyour cremulatorasa bit at the backof the cremator
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AA (CLIENT): Yes, what happens, what happens is when you rake down you rake it in to a creanuksamh
machinessoy ou donét have the removal of cr andyutingodh r emai ns
powder, tab doneonthemachindtself, so yourakeit in to anareaandobviouslytheproblemwith thatis

thatt h e som@ssuesvith removaloflarge metaljointsandhip jointsandeg joints and other things, and

alsothe concern of servicing each cremulator on each machintea lot involvedwithit, theyh a v eat 6 t
thosequiteup andrunningatthemomenso it couldbebythetimewegetto thisit might be,yep.

AM (ARCHITECT): Ri ght , wedve al |l oanpmy ifgou wantearsepdrateremulator o o m
thatwouldbelike closeraking butthatwould probably usedfor storing

AA (CLIENT): Where would the operators, would they haweapar at e of f i ceswitcoh sit i n t
room,controlroomwouldit beany, anarea,or wouldtheoperatorsitwithinthatonearea.

AM (ARCHITECT):We show a control desk here but certainly i:
could easily be converted into a control room, you could even have a glass wéidlyauivanted

AA (CLIENT): Are we talking about the room still being chilled therdhm, becausahat was the original

chill room wasnét iit, but thatds not now going to haj
AM (ARCHITECT):No we dondét have a chill r o beocguseforgotthbave cof fi
mention those, the idea was that, erm, ifigtou did have Sk h f uner al you woul dnot re

other coffins hanging around, the idea is that you would store coffins in racks in here
In the above exchange, the discussion around a crendulatatevice that is used for further

processing the remains after mraiord follows a pattern of the client declaring requirements and

asking questions, with the architect responding to the questions with design proposals or explanations.

The responses by the architect show instances of tentativengsé ¢ hat wablyl(be) uged o b

f or s)taodsomegawsatior.f.,ibecause. . . if you did have Sikh
s e e). The guestions and declarations of the client show similar patterns, with tentativeness
indicating their interest in alternativasd causation when they are explaining the reasoning behind a
requirement. What is interesting here is the text highlighted in purple, indicating that the word
(Abecaused in the above exchange) appeaysthe in bot
reason why the turns are shared with both lexical categories. Consider an exchange that happens
earlier in the discussion between the architect and the council officer (CL).

CL (COUNCIL OFFICER)We 6 ve got an i ssue [ i natmiihgbséssidihatconsi der i
the staffwenton this weekat Stevenagerematoriumto look at useof theaudio,the newaudiogdigital audio

system that had been installed, and a particular issue is the accommodation, andawadngmodatiomhere

theycanwork almostlike a theatretechniciansothattheycanbe part of the serviceyetbe divorced from

the service so that they can operate PCs and thingalbotbe ins i ght of wlhsa@beiigsnorg oi ng on,
involved.Sowe 6 r e currentl y | o dhkbackgftheekistingchapel goithatgheysanu f f o u't
sitat a deskaway,butpart of i

AM (ARCHITECT): Wellt hat 6 s t hthougitétheylcoultd waaktat, Il saw this as beiogmbined
organand AV control, so someonenight sit hereand play the organ and theremight be

AV controls here, bugssentiallyall the spaghetti and all the amplifiers and CD players, casgddtgers,

younhameit, computercouldbein herei

The exchange concerns the creation of a space for the crematorium employees for managing the
audio/video aspects of a funeral service. As in the earlier excerpt, there is an aspect of causation in the

counci l of fi cer 6s soetlptthe smploye@srnoghti bd able ftoawoiik lati thei e s

equi pment whil e monitoring the proceedings. Th
speculation and exploration of possibilities wit
is an expressioof caus al reasoning as omeddd iwi tthhd soén s

ef f ecd  explamn tee implications of the proposed choices. While both turns in the above
exchange are categorised as belonging to both tentativeness and caussiomt ibecause the
matched words themselves belong to both categories. When examining the matched words, the sense
of causation is evidenced more in the warg erathier than the other matchés§ a martdida | }s 0 0
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The main word that conveys causatidng ® forms part of theentativenesgategory but not the
causationc at egor y. The words fdyeto and Amighto do o
categories of bothentativenessnd causation We discuss possible causes and the implications of

swch terms in Sed.

Visualizing the turns aggregated at the level of the speakers for each session also helps us identify any
patterns or anomalies. Ikigure 7 we saw some patterns, such as the greater incidence of
tentativenessrelated turns and the lower incidence of turns related only to causation in these datasets.

The figure also helps identify anomalie$ew For i
session for Tommy speak very less and neither of their speech turns are associated with tentativeness
nor causation. This is a less interesting obseryv
turns in another DTRS10 sessiothe final reviev f or Emil vy. Al | of Donods

sessiod and he is one of the dominant speaiease associated with tentativeness, either exclusively
(orange), or along with causation (purple). In the following excerpts from the session, we focus only
onDorbs speech turns, with the rest of the speaker
in the way that we did earlier: words that fall under the categorientdtivenesausationor both

DON: Maybe differenttopswith the colori

DON: Andthenyougo backandyouputtheradiusonthetop backedgeafter thefact, possibly

DON: T h athedrly wayl couldseeit. Eventhen,l énotsure i

DON: | guessthe question would be is could you do it a little differently again instead of layitige
thickness of sheets of plywood, could you have external solid wood frame cut out, aymltlteaping
the plywoodskinto solid wood.

DON: Justtheoutside?l meant h actoseiswvell, thatbottomo n epfolsably [unintelligible]
Even though these speech turns are largely stripped of context in the above exchange, it is clear that

Don is providing some feedback to Emily about colours, finishes, and material for her design. The
feedback takes the form of suggestions and not questienis not challenging Emily to articulate her
rationale but offering ways to perhaps improve her design and share his knowledge, and in this way
his role appears to be more of a design consultant rather than a design teacher. The high matches with
tentdivenessare indicative of this role, and the words that are categorisezhwationare also
categorised under tentativeness. These overlapping &vofidp 0 s s andbil myeda nncthis context

are indicative of tentativeness rather than causation.
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4.2 Examining lower incidences of causation

In this section, we will examine sessions where spoken turns showed a lower correlation between the
two lexical categoriegrigure 8 shows four such sessions. In other words, therm isonsistento-
occurrence or separation between the two lexical categories for a given speech turn.

DTRS-2 DTRS-2 DTRS-11 DTRS-11
10 Think-Aloud Session Three-Person Discussion Co-Creation Workshops Clustering Insights from
(Day 2) First Co-Creation

08| =024 b =0.26 b=0.29 b=031
Sos|P< 0.001 p <0.001 p <0.001 p <0.001
3
7 04
&}

0.2

00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
tentativeness tentativeness tentativeness tentativeness

Figure 8. Scatterplots for four sessions with ldermoderate correlation between the normalised number of
matches between each turn and the two lexical categories of tentativeness and causatiods Weaddll
regression line are shown for each session. The plots are coloured by dataset

Sessions with the lower correlations tend to belong to the DTRS2 and DTRS11 datasets, while higher
correlations are seen in the case of sessions from the DTRS7 and DAd&84€Xs. This is perhaps
because there was a greater opportunity to explore questions of causation and tentativeness together in
a reatworld designexclient discussion (DTRS7 crematorium meetings) or a teagthdent feedback

session (DTRS10 datasetay there would be more opportunities to challenge, question, and explain
decisions. In contrast, perhaps-aeation sessions (DTRS11) or individual/collaborative design
sessions (DTRS2) offer fewer opportunities to challenge and explain when explorigg des
processes? Answering such a question requires analysis that is beyond the scope of this work.
However, we can examine these four sessions in closer detail to see if they share any patterns.
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Figure 9. Speakeiwise turn counts for the four sessions identifiedrigure 8 with lower correlations between
causation and tentativeness matches. The propasfidurns that include a match that is exclusively with the
tentativeness category (orange), exclusively with causation (blue), and with both categories (purple) are shown.
A comparison with the sessionskigure7 shows a higher proportion of turn counts that match exclusively with

the causation category, though this proportion remains the lowest of the three
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Figure 9 shows the turn counts aggregated by speaker for each session. The first attribute of this
figure that contrasts witkigure7i s t he greater proportion of dAcau
the dominant speakers. At first glance, this implies that at least some turns in these sessions relate to
causation without relating to tentativeness at the same time. Examining treeassata turtevel,

we see some evidence to support our conjecture about challenging vs. supplementing. Consider the
following exchange from DTRS2. The discussion concerns the design of a bicycle pannier, with this

part of the discussion concerning @ parts of a bicycle such as water bottle cage mounts, gear

shifter bosses, or bicycle pump attachment pegs that are permanently attached to the frame. No
matches fortentativenessre evidentin this exchangeput the matchesfor causationand for both
categoriesarehighlightedbelow.

JOHN:Ok t hegwenk ¢ B think we need a sol ufonsommatifoor peopl e
d o rhévethem

KERRY: thereare solutionsfor thattheytheyalreadymakelittle bracketthingsthatkinda
IVAN: Little junk

JOHN: Theykind €i ke fAwrlgrAN: Yvaele 0j ust l'ittl eJOHthk dobhbhgs th
understand
KERRY: Thisgoesaroundyour tubethatcomeshere

JOHN: D o ntldey seem cheediyough to you?

First, the exchange itself is one where one speaker (John) is proposing the exploration of a certain
solution space, and then challenging or questioning the suggestions from his teammate (Kerry). Kerry

in response explains his solutions to John, who coesirto pass judgment. On the face of it, this
exchange is understandably one where Johnés que
causation but let us take a closer look at the words that are tagged. The contexts for the utterances

i ki nddfiok i sudgest the tentativeness and vagueness associated with designerly thinking. Yet
Akindao, which is a contraction for Akind ofo i
Akindod is part of the cauygdhniasking fa explangionrayd.thenT h e f
judgment are closer to a reasonable interpretation of causation. Yet the last turn is categorised as both
tentativenessnd causationas the wordi t h o wexjsks on both categories. As we noticed in the

previous sectin, this miscategorisation can be attributed to the overlap of terms in the two lexical
categories, though we do find evidence of HfAcausa

C
S
[

Compare the above snippet to the following exchange that occurs some minutes later:
JOHN: WecanassumeKerry hasexpertknowledgelaugh)

KERRY: Butumw e 6gormaneedto assumethat but sincewe knowthe Batavusguysand the buddieswith
thebackpaclguythat, um,thatwe coulddesignfor that bikeframeend

IVAN: Well, looktheframecomesn differentsizessoi
KERRY: Yeah it comes in different sizes but that distance stays pretty conségbiwe can stilinakeiti
IVAN: Yeah] e &s8umei tjustshishorizontal

KERRY: Maybe wecanmakeit independentf this dimensiorsomehovbut! onotsureif t h dt 6 s

This exchange is more <collaborative: the desig
buil ding on each otherodés ideas and assumptions.
entirely categorised undéntativenessThe categorisatiohere is fairly accurate with the exception

of the word fAisod, which i nd thehnipkcatiecnaftree frame bding be s

offered in different sizes. Thus, a cursory inspection of the categorised turns appears to support our
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conjecture a stronger association between tentativeness and causation appears to occur when the
discussion involves opportunities to challenge, question, and explain. These opportunities appear to
arise more when people are explicitly or implicitly involved in sole challenge or questidnsuch

as clients and teachers.

To further support this conjecture, let us examine one final exchange from-DI,R$volving the
clustering insights from a ecreation session.

EWAN: | almost had this golden thing up here, liked ver t i sement wi se. 6Cause | ik
diamond, no one can buy commitment. (laughterylais;id t hen it was | i ke -the next
producto. (laught erSpburyhadurmwapsr avchyctilto fail ed!

ABBY: fi | nhdissdiamondpute h 0

AMANDA: fAi | thécso mmi t ment ! o

EWAN: Yeah, tetnkodiedit is yeahtangiblecommitmenglaughter)
ABBY: | t afbseautifulcommitment!

EWAN: Yeah yeah, yeah. And the thinguss that we elevate the eh, tkiad of the exclusivity and the
premiumnesstothé t 6 s not tangi ble anymore, it is the, it

ABBY: Mhm.

(@}
(7]
QD

EWAN: Eh,whichis far beyondthe goldendiamond whichis like in theexcessiveart.
ABBY: (..) yeah.
EWAN: So | write hereonthe yeah?

ABBY: Butl kind of agreewith will or whoeverit was,askingif commitmentnd responsibility are or

howto makeresponsibilityand commitmensexy.

Putting aside the categorisation, we see that the exchange very much follows theradfiraild-

upon pattern that we saw in the previous exchange. Abby, Amanda, and Ewan take turns to build on a
takeaway messagdi(i t 6 s not a di amond, )i tforsom Eweaemdd i dtudr))
it to the problem they are working on, which is to makspoasible decisions (similar to
Afcommit ment 6) surrounding the choice of a car t (
more tentativeness than causation here, and indeed we do, except they are not tagged as such. The
words Akind odan ame dsadonoisdtoi on with tentativen
causatorwhi | e Aal mostodo is not categor dwaddasaotiategll | .  On
with causal reasonidgare both tagged dentativeness

It is evident that the lexicatategories offered by Empath hold promise when applied to design
discussion but require refinement when examined at the level of detail of close reading. In the next
section, we discuss the implications of our approach and examine ways to addressadbeneeded

in applying lexical categories that are more relevant to design discussions.

5 Discussion

The goal of this paper was to illustrate the opportunities provided by new computational approaches
for analysing design discourse through distant reading. To do this, we examine the balance between
speculation on one hand and justification on the otlefinidg a lexical category déntativenesas a

marker for the former, anchusationas a marker for the latter. We use Empé#ias( et al.2016, a

tool that provides a set of predefined maelgenerated and humaafined categories and uses
machine learning to generate new categories using seed terms. We use prior work on studying
causation Cardosoet al, 2014 and tentativenesBé&ll & Christensen2009 Christensen & Ball

2018 Glock, 2009 to provide seed words for Empath and generate the corresponding categories. We
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use teximatching at the level of speech turns and aggregate categorised turns, visualising these
categorisations at the level of datasets ses$ions of interest.

While there is not a strong association between turns being categorised under tentativeness or
causation, we find some patterns: higher incidences of both categories are found in sessions where the
participants have roles and oppaities to challenge, question, and justify choices in addition to the

user designerly approach of exploring the problem and solution space. We thus find a higher
proportion of turns containing words from both categories in sessions under BRB&cially he

exchanges between the client and the architect in the crematorium meetmy®TRS10 with its
teacherstudent feedback sessions.

At the other end of the scale, the sessions that show a weak correlation between the two
categorisations are characterid®d more collaborative exchanges between participants where they
affirm and build on each otherds sugdtgedlyi ons r a
those under DTRS2 with its individual and collaborative design session, and DTRS11 with its co
creation sessiodsexhibit exchanges more characterised by tentativeness than causation.

When drilling down into these exchanges, we also find cases where speech turns are miscategorised,
due to the capccurrence of words in both categories teftativenes and causation A close

examination of both lexical categories reveals the worgsause, knowing, mean, meant, might,

possibly, suppose, surely, thoygimdyetthat appear in both categories. Polyséntlge existence of

multiple meanings and/or senses the same wordl can be used to explain some of these co
occurrences. For instance, the wérane awvmoen used i n the phrase #l me
tentative thinking, but when used in a question,
to the effect of a decision or choice. However, it does not explain the association of such words as
ifbecauseo with tentativeness or fAsupposeo with <c
data. As mentioned earlier, Empath samples theowespace around the combined vector
representations of a category name and seed terms. This vector space is created using a corpus of
fiction as the training dataset. Are associations of tentativeness and causation in fiction the same as
they are in desigh Perhaps notrast et al. (2016 explain this limitation in their paper with the

example of gloveboxes: it is possible that the wglal/eboxoften ce occurs with the wordjun in

fiction with characters often taking guns out of gloveboxes, creating a strong association between the

two that may not exist in other domains outside fiction. Thus, assoclaisd lexical category

population would work better if the associations in the training deg¢ similar to the associations in

the data to which the model is applied.

With the advent of new vector representations that provide different associations for the same words

in different contexts of use (s&evlin et al, 2018, it may be possible to create desgpecific word

associations by using a vector space trained ondesigh at ed corpora such as d
lectures/talks, as well as recordings of design discussionaistmihe DTRS datasets. The pattern of
examining the data at an aggregate level using visualizations, and then drilling down into detail for a
closer inspection and verification of data is one that is-esthblished in the visual analytics
community. Applications for interactive visualizations that combine distant and close reading of text

data have gained traction in the digital humanities for examining documegtsJénicke et a).

2017 Janicke et al2018 Koch et al, 2014 and conversation®(g.,Chandrasegaran et,£2019 EI-

Assady et a).2016. To a lesser extent, these approaches have been applied to examining design
sessions Chandrasegaran et ,aR017a Chandrasegaran et ,aR0170. In the future, we plan to

integrate computational approaches such as Empath with visual analytic approaches such as these to
provide a fluid and interactive way for researchers to analyse design discourse at scale.

Our approach of combining distant reading approaches enabled by computational analyses of
designersd speech with traditi o mrgpushinglhe lsoendarye adi ng
of our understanding of where design thinking may or may not occur. Qualitative analyses of design
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thinking concepts have typically focused on expl
DTRS datasets. There is now emging work on studying design thinking concepts in ostensibly non

design scenarios such as, say, parliamentary debates (Umney & Lloyd, 2018). Our approach can
provide researchers with ways to scale tiopgs such
for occurrences of concepts relating to design thinking. Our work has also the potential for labelling

larger conversation datasets, which can be used to train artificigdlligent conversational agents to

interact and work with designers produety, especially if the agents can recognise and respond to

certain kinds of designerly talk.

6 Conclusion

In this paper, we present an examination of speculation contrasted with justification in design activity
at a larger scale than typically conducted $uch analyses. To do this, we use a madeiaming

based tool called Empath that we used to create lexical categories of words commonly associated with
it ent a®linkee nte ssgedulatioh a n d wor ds associ adlmed twi t h A
justification. By examining the matches between speech turns and these two lexical categories
aggregated and visualized at the dataset level, the session level, and finally a close reading at the turn
level, we identify patterns of dialogue between designers andsclndesign students and their
teachers that have a stronger association between speculation and justification. We also find patterns
of dialogue between designers in collaborative sessions aeteation sessions that are mostly
speculative and only wkly associated with justification. Both these findings illustrate the value of
using computational analysis for identifying patterns across design discourse and analysing associated
text via a combination of distant and close reading techniques. Usinglesanl miscategorisation

of speech turns in the same datasets, we also highlight the pitfalls of using lexical analysis
incorporating machine learning data (fiction) that is different from the application data (design
discussions). We propose a reguladagng of such machirkearning models with contextual data,
combined with a humaim-the-loop approach to verify the patterns highlighted by computational
models. We close by discussing the implications of such work in expanding the boundaries of where
one can find instances of design thinking, and in helping train Al agents to recognise and respond to
designerly talk.
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Abstract. This paper argues for a reconsideration of what it means to be a responsible professional designer, all
while steering away from examining ethics in terms of obligations and facing the fact that current professional
design often involes workingin, with, andfor the industry. While lenient in its understanding of design, it

presents a normative framework that conceptualizes professional desigprastiee i.e., as a coherent,

complex, socially established, and cooperative activiith \its specific intrinsic rewards and standards of
excellence. By discussing responsibility as a virtu
investment in the design profession can be seen as a way-ehaetment, which provides strongptivating

reasons for responsible action. The thrust of the argument retains the notion of responsibility understood as the
readiness and willingness to convert care into design and to work on the constraining conditions of a design
situation or process.

Keywords: care, design ethics, practices, professional ethics, responsibility,

1 Introduction

| believe that people are far more aware of the impact or import of design than they realize, though
they donét k no(Pauadehertqooted ir Milimari, 20@7, pi. 56).

Consider this, construction workers around the world die every day from the lack of adequate
protective gear, the negligence of irresponsible managers, or general institutional recklessness.
Naturally, the éath of a worker igvoeful,and the private and public sectors must tackle the issue and
implement a plan to reduce this exggpwing death toll fast. However, from a moral perspective, who

is responsible for these deaths? The answer is far frore\ddint. Because of the number of actors

involved, it is very difficult to hold one specific party reasonably responsible. Yet going over an
intuitive culprit list, a case could be made that architects should be at the top or even the middle of the

listt As plaamner s and designers of our built environt
responsibility for the way their vision is mater
r e s p oonas leabt Ipagtially in so far as they create elaborate veaysake consumption better and

more effectivé for healthrelated problems, poverty, and the overall addiction to the rush of
purchasing something new (not to mention the staggering environmental impact of purchasing an
endless parade of useless objectsfiusthe sake of doing so for the right price)?

One possible way for a designer to quickly deal with these quandaries would be to disregard them
altogether and pass over the matter. On the other extreme, another direct approach would be to try to
find anoher, less harmful way to earn a living and exit the profession altogether, avoiding thus being
tainted by its moral entanglements. Yet, an exit could hardly count as a solution at all as it solves none

of the underlying problems it purports to addresstQuii ng t h e ddevehétlemto npovedd e s s i o
a spiritual retreat or to wor ko mightbaindiviguallyend & ¢ o mp
socially beneficial, yet effect not so much a deeper change at the professional level as the situation
than needs change is fundamentally systemic.
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In the following, we shall take a different path and face the fact that professional design in its current
state inexorably involves, at some point or another, working in, with, and for the industry. We bite the
bull et and dondét argue for an exit of our pledge
to be a responsible designer, thus changing the discipline from within rather than exiting it to harbor a
stance of grudging outsiders.

For good or badthe current global pandemic has shaken our fundamental views on human nature,
social and communal responsibility. Many of us, as design scholars and practitioners, believe the very
foundations of our discipline need to beepeamined and reformulated. &nway, we find ourselves at

a historic crossroads, similar to the one presented to the two headmasters of the Ulm School of Design
during the 1960s in posWWII Germany: should designers be agents of the industry, facilitating the
production of goods, ahould they become a social agent of change (Segal & Ventura, 2019a). Since
the dynamics dopferdammssu nepvt e no ®ihasschangedr ity theeGO¥HEON ¢ e

reality, we believe the second choice is the most relevant as we find ourselves aslguniticre.

Yet , as practitioners, ités hard to change thin
industry. But this juncture is a chance not to rewrite history, but to look at our profession from a
different perspective. Once again, weve to redefine our discipline echoing the Sisyphean struggle

to offer answers for the vexed questions of desigat how to design (which istachnicald howé ) or

6what to designod, but rather deciding ebdeedty t o de
figure out how can we keep connected to oneds
practitioner (thisisaoral0 howdé) . Facing the current reality,

questions can be posed as: what kind of nesibte designers should we imagine?

In this paper, we would like to propose a novel approach for discussing issues of responsibility in
design, centering our focus on a kegall explored dimension of thgrofessionalpractice of design,

which is its morakernel. We will offer anormativephilosophical perspective to the issue; different,

and at times complementary theoretical and analytical approaches can be found in the field of the
sociology of professions, but this is not the approach we have choserNe shall make the case

t hat a designerbés personal i nvest ment in the d
development and sedéinactment. This investment, in turn, furnishes the designer with strong

motivating reasons for responsible action; e . , reasons oOfor whi ch someor
that , in the agentbs eyes, counts in favour of

strengthen the analytical validity of our thesis, and to make our case more persuasive, we ddl provi
different quotes from various graphic designers elaborating on their intricate relationship with clients
and the industry, which support our conclusions and contribute to the general cogency of our
argument. Finally, we hope that this normative conadjzing of design ethics (understood as the
ethics ofdesigning and of responsibility, in particular, will enable design researchers to theoretically
anchor future descriptive, evidenrbased examinations of the professional practice.

2 Premisesfor analysis

Before we dive deeper into the intricate possibilities of integrating responsibility and professional
practice, let us introduce and clarify several key concepts, some of which, due to the length and nature
of this paper, will not be argued in detaigtyare concisely laid out here as premises for the analysis
that will follow.

The thrust of our argument rests on seeing professions in general, and design in particular, as
essentially moral projects. Also, by being part of a reflective practice, traletiinsiderations and

the decisions that are made during design activity are mostly inseparable from the context in which
they arise and can thus seldom be explored and resolved beforebhgnby(following declarative

et hical pri nci professions, in i eassic snormatve enderstanding, need to be
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understood as being involved in more than just getting paid for a job or doing a job skillfully in a
technical sense. Naturally, not all occupations are professions. In philosophical terfessipns

could be described as those occupations that are primarily concerned with helping others attain certain
strategic goods (for which expert knowledge is typically required) that play a crucial role in their

lives. Along this line, some philosophdrsave ar gued that OA good profes
commitment to a key human good, a good which plays a crucial role in enabling us to live a humanly
flourishing I|ifed (Oakley & Cocking, 2updn 1 74)
defini ti on of what exactly is a profession, the nc
both require advanced study and mastery of a specialized body of knowledge, and undertake to
promote, ensure, or s af ebgeu awpihed(Roig, 7d.spect of oth
That professions are not primarily about getting rich can be inferred from the cases of teaching and
nursing, which both epitomize commitments to key aspects of human existence while highlighting a
negative correlation between sociablamoral importance and paid salaries. Interestingly, the moment
professions transform their venue from the good of society to the good of private players, their moral

and ethical structure comes under strain. For example, when healthcare researchcieadamdier

the umbrella of big pharmaceutical companies, or an applied anthropologist conducts research for a

big beverage firm, the very ethos of these professions comes under deep questioning. However, in
these professions, unlike design, a strong ethéchtion has been established (also in terms of formal

oaths and codes of ethics), amidst a lengthy historical process of debate and philosophical
interdisciplinary examination of humarentered involvement.

Another premise is that designa professia, as it falls well within the margins stipulated above for

what counts as a profession. Design rests upon a considerable learned body of practical and

t heoretical knowl edge, abeing isi ehosmous arfd lundenialdlee (forcan ot h
comprelensive discussion, including arguments in favor and against considering design a profession

see Guersenzvaig, 2021, -619). Design, however, differs from nursing, teaching, and other
established professions in two crucial manners. First, it is a rathegyoofessionadiscipline, and

second, it was historically developed to help and contribute to the industry. Famously, Franklin
Delano Roosevelt harnessed the evocative power of design to jumpstart the American economy out of

its 1929 slump. Dwight Eisémower took a similar path when mass consumption was presented as a

civic duty, and design was mobilized during the Cold War. Top designers of those days such as
Buckminster Fuller, the Eameses, and George Nelson actively participated in the Americaal Nation
Exhibition in Moscow (Castillo, 2010, 14B49).

For this paper, we are rather lenient in our understanding of design. On the one hand, it can be
understood in a narrow sense associated with-fguing, planning, and creating new material and
immaterial artifacts. On the other hand, design can be construed more broadly; i.e., as the
prefiguration and reconfiguration of new ways of living, or, in other words, as the envisioning of new
possibilities, new ways of being and doing (Dong, 2008; Manzini, 20h8eed, contemporary

design deals not only with problesolving, but rather with reshaping and reframing daily situations

and activities. Design is everywhere: from the coffee mug upon which we start our day, through the
vehicle transporting us to our tlaichores, to the digital platform on which we read the news, find
entertainment, and communicate with others. The purview of design is located, to paraphrase Ernesto
Rogersé famous dictum, from the spoon designert he gl
transcends the simpler task of coupling shapes, materials, and colors to acting as an interpreter,
gatherer, and cehaper of (social) meanings. For example, French designer Philip Starck in a
somewhat humorous yet truthful manner accepts theofdlee supeistar designer as a central player

in the global consumer culture. Relating to his famous Juicy Salif, designed in 1991, Starck
commented that its purpose is not to help squeeze lemon juice, but something totally different:
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Sometimes you mushoose why you designin this case not to squeeze lemons, even though as a
lemon squeezer it works. Sometimes you need some more humble service: on a certain night, the
young couple, just married, invite the parents of the groom to dinner, and the grnabhis father go

to watch football on the TV. And for the first time the mother of the groom and the young bride are in
the kitchen and there is a sort of malais¢éhe squeezer is made to start the conversgiirilippe

Starck, in Lidwell and Manacsap09: 100Y:

The Salif | emon squeezer exemplifies how from a
in either the superstructure (i.e., culture, norms, identities, and so on), or in the economic base (i.e.,

the means and relations pfoduction), but rather as a-thirectionally connecting the two as active

shaper and maintainer of both. Along these lines, design is not a mere byproduct of the superstructure.

It goes beyond economic causes alone and can rightly be seen as the figemngyg, and
conceiving of O6the complex wholes that provide a

fulfil mentd (Buchanan, 2001 p. 38). Seeing desi
economics, social life, culture, and politiesderscores its moral import. The words of Deyan Sudjic
(2008: 48) serve to eloquently illustrate desighn

Design is the language that a society uses to create objects that reflect its purposes and its values. It
can be used in ways that ameanipulative and cynical, or creative and purposeful. Design is the
language that helps to define, or perhaps to signal, value.

While lenient in our understanding of design, we are not referring here to design as a basic human
capability (as a basic furnighal human trait), but to design as a professional practice. Our locus of
concern here is professional designers, i.e., practitioners deeply rooted, albeit not exclusively, in an
economiemarketoriented system. Naturally, we must surmise that desigmerguat one amidst

many other players that participate in a design project. Yet, as mediators, professional designers
orchestrate a complex motion between generating need, desire, anecudceal norms, to

technology, modes of production, market valenue, and more. In a previous publication (Segal

and Ventur a, 2019bdni, entheed ccad di gfnobr héavsa |l ueeen e mph
navigate between the landmines which are design practice. l.e., working inside our trade yet
cultivating aclear moral and ethical core. Here we integrate the concepts of responsibility and
professionalism to navigate between the conundrums of the practice.

In his landmark study of professions, Schon (1983) emphasizes the substantive field of knowledge
commandd by a professional, and the mastery that is required to apply that knowledge. Among the
vari ous classic professions, Sch°n famously hi o
profession, in which the crucial link of the imagined correlates withrdlal, where the theoretical is
interwoven with the applied. ®&designas designforadearsi gn o6 ¢
or distant future while being situated in the predethius making it crucial for designers to serve as
reflective practitiorers. Their reflective skills are much needed to navigate the vapiaddical

difficulties inherent in their profession.

As in other professions, design consists of various and sometimes conflicting elements, intertwining
theory and practice. According to the philosopher Alasdair Macintypeaaicecan be understood as

a specific type of social cooperative activity witbesific intrinsic rewards, its own standards of
excellence, methods, tradition, vocabulary, and values (Macintyre, 200720837 Practices are

always embedded in larger social contexts and require at least a minimally shared conception of the
goods thatare pursued by their practitioners. At the same time, practices are intrinsically integrated

2 nterestingly, S 0 Alessik aitestedcal diffezemttappioach towardssthe pradsiat, claiming
it works wonderfully (the actual case is that as a functional juicer, the Salif is a terrible praduas &
discursive object or social status symbol it is exemplary).
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into the practitionerés own quest to |l ead a goo
which we belong mirror our worldview, belief systems, aatkovalues. To put it differently, being a
part of a profession means not only earnirliyiag but being a part of something bigger and taking

part in ways that shape our current reality an
dialogical encanter, where the intersubjective commitments to key shared purposes are constantly
being di scussed, devel oped, and revi sed, det err
standards.

3 Designand responsibility

It is a truism that every professiomalist acquire a sense of responsibility because professions have a
massive impact on our daily existence. However, how this translates into practice is not obvious to all.
Professionals such as Zaha Hadid reject having anything to do with the deathwtotkefs in her

sites, deflecting the charge and redirecting it towards regulators, among others (Riach, 2014). Due to
its elusive and somewhat broad meaning, the concept of responsibility is worthy of a few brief
clarifications.

Responsibility is often uredstood as having to do with blame or praise, as when a person is
retrospectivelyheld responsible for having done something or for failing to act as expeetgd (
having failed to deliver a project on schedule). Conversely, responsibility can also be understood
prospectively as a relation between a person and a state of affairs or act, in the sense of being
responsiblefor doing something. l.e., a person having aaligation toan individual or collective

entity such as a client, a company, or society at lage,fot overcharging clients, avoiding conflicts

of interest, not denigrating the reputation of a fellow professional, considering implications of
professbnal work and minimizing the adverse impacts. and so on) (for a detailed treatment see Melé,
2020, 60665; Van de Poel, 2015).

Responsibility as an obligation is frequently encountered in discussions about responsibility in design,
yet it is yédpmurndhlelresmeatoidc alnld def i ned, mostly not g
due diligence, 06 according to Fry (2004, 146) . T
of responsibility as an obligation: on the one hand, those linked to propesgioof@ conduct
towards clients or the public; and, on the other hand, concerns related to a wider social responsibility
of designers (Fry, 2004, 146). Along these lines, when we talk about pragénged responsibility

in design we generally mean theofessional inclination to present a good product, suitable to the
requirement presented by the client. Responsibility becomes thus almtesth@ical notion.

Further mor e, abiding by | ocal or nati onal l egi
responsibilityd health and safety, accessibility, inclusivity, and sustainability procedures are all a part
of a designerds professional responsibility.

Typically, the concept of responsibility regarding design brings to mind tragic vignettes like safety

isstes in construction or designing weapons. However, while responsibility might occasionally have

to do with I|ife and death quandari es, itds mor e
manufacture more chairs into a world cluttered with plagarbage ordesigning ads for online

gambling platforms.

There is another alternative way to look at professional responsibility, which is seeing it as consisting

of three distinctive, yet integrated dimensions. First, an almost objective set of nareeEnaentions

stemming from the technical characters of the profession. Arguabhydistiblines of design will

entail a (partially) differing set of responsibilities.

Second, there is the subjective layer of professional responsibility stemming framsag& 6 s | nt egr
setofidentityor i ent ed wor |l d v i edvwhatsgne ivould copobjuiably call theird v al L
0 per s onaWwhichedarhalso bedlinked to how the profession is individually exercised. One
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designer could abide by a strict vegadedor their designs, another by fair trade, while someone else

will focus on universal accessibility.

The third dimension is the most crucial one. Here we have responsibility understoodria®e a

connected to the professional practice (especially itgetapurposes, excellences, and intrinsic
rewards). The central aspect to grasp from responsibility as a virtue is that being responsible is a
character trait of the practitioner that 6s not
practitioner isbound to, but rather by the entailments of belonging to a professional practice. The

layer of subjective values acts in combination with the shared purposes of professional activity and
accumulates to a more holistic understanding of design responsig#iponsibility as a virtue.

In the remaining sections, we shall leave aside the understandings of responsibility as praise or blame,
and as an obligation, as wel |l as the subjective
Instead, we shall fars our attention on responsibility as a virtue intimately linked to the professional
practice and its shared purposes. Our analysis concentrates thus on how shared professional purposes
manifest in will, thought, and action at the individual level. Destiite focus on the individual
designer, itoés critical to keep in mind that t
reasoning and willing are relational, i.e., to a significant degree determined in relation to others. In the
professional sphie, when a professional designer wills to attain an end, they do so guided by the
professionés overarching purposes in interdepend
and dynamically shape these purposes. In the last section of the paperll Wriefly revisit the

collective level, but this clarification suffices for now.

3.1 Professional responsibility and care

To el aborate further, we need to add the concep
relational p r & ddwitarespondnt@ need® antt why sve should. It builds trust and

mut ual concern and connectedness between persons
it also is a key component of responsibility as a virtue. For the ethicist Jessicamihl§nist (2015,

194) , 6to be a responsible person is to feel re:
well being and how oneds actions affect our fello
Thus, for example, inclusive design cares for marginalized so@albgr not by labeling them as

such, but rather by following the dictum that ¢
mainstream. 6 Similarly, inclusive designers do 1
sense of social justice, lfowing the principle that every person deserves the same services. Rather

than fighting stigma by creating other stigmas, designers might reframe marginalized groups to a part

of the mainstream as a strategy to product and service innovation (Colenhar2@t&). Moreover,

when designing for gl obal devel opment a respons
local populationsbus ee ks t o work O6withd design partners to
on mutual concern, harnessing thamique knowledge to create together a suitable outcome. Be that

as it may, the essence of imbuing care among designers as practitioners may need a process of
reframing and restructuring the very role of designers in society.

A short detour through historpight illuminate the predicament in which design as a discipline found

itself not so long ago. Specifically, three globally influential events offered a change for désigners

the economic collapse of 1929, the war effort of WWII, and specifically in thduption of an array

of vehicles, technology, and weaponry, and the new world trying to redefine itself after the end of
WWII. For the purposes of this article, suffice it to say that these events triggered a complex shift
linking design and capitalist vadg, as an inherent and almost automatic correlation (Ventura and
Shahar, 2021). In other words, design has since then become a marketing instrument meant to
motivate consumers to purchase more goods and replace their old models every few months with a
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newea model. Thus, raising the very essence of care and responsibiayvigslesign is not a simple
nor a trivial matter.

Another key event Ilies in Germanyds efforts to r
of design. Heralding a new amtiproved German stance and heritage, this effort brought to life the

New Bauhaus or the Ul m School, t hreedtheftsndes af
socialysensi ti ve school , still i nfl uencnieregliingdt®si gner
this context, the school ds two headmasters symbc
by its near history, Ul mds first headmaster, Ma x
rather than politics, values, and @ ol ogy (contrary to the Bauhausbé
i nternal and | ocal strains, at the Dbeginning o

Maldonado, raised various issues presented in this paper, more than 60 years ago (Malddsiado, 196
2 0 1d8wpat is the role of the designer in society? Should design as a discipline trigger political
debate and social change? Why should designers design and how?

The story of responsibility then follows an unfortunate short path through the secboé thal 2"

century, offering few elaborate answers. Yet at no time as the current reality does these questions
resonate more cleaflyhow could designers care for and about, and what must they be responsible
for? Indeed, adjacent paths, triggered by ¢hesexed questions, from the Scandinavian social
approach in the 1960s, through the UK strive for healthcare design and thinking of the other 99%,
culminating with inclusive design and the appraisal of careavis design all stem from these
influential Hstorical events (Clarkson et al., 2013; Sparke, 2013).

3.2 Designing as selenactment

As designers moved away from being O6mered probl e
openended processes (Manzini, 2015,-48), so did the very scope dtfie profession change.

Roughly, two main approaches came to dominate the discipline, albeit not remotely equal in
influenced the designer as a marketing agent, versus the designer as a social agent. From a historical
point of view, however, dealing with gahas not been the purview of designers, nor was it a point of

interest till the later decades of the 20th century, when the aforementioned shift took place.

Contrary to theoretical disciplines, or even other professions, because of their connection with
production, designers can transform caréfgputinto actual carindor. For instance, caring about the
environment can be transformed into caring for the environment. In this manner, designers hold a

unique stance to influence the daily lives of miliodsn environment al agenda
designers to stop manufacturing chairs could have a global impact, just as setting a global standard for
|l aptopsd6 charging cabl es, and these examples di

dilemmas of practitners in this discipline. Furthermore, caring about the environment can be
actualized differently: some argue that better than creating innovative, sustainable solutions it is to

just stop designing new things altogether to focus on maintenance (VinaedsIR 2020).

Yet our argument goes in a different direction, which is not in the least incompatible with priming
maintenance or social and environmental justice. However, while the focus on others and the
environment is surely very important and it regsi further treatment (see Ventura and Bichard,

2018), here we want to make and defend a different assertion from arguing for the necessity to
consider others as active subjects of care in design. We posit that design as a profession is itself a
reasonabl®bject of care for a responsible designer to have. Responsible designers care about and for
othersalsobbecause they care about and for their profe

Considering the ability of design Doerodot|l nvehee m
be examined along a continuum ranging from the designer as a technician (mainly bounded by legal
and gener al mor al dresponsilgpiofessional in the drtuadsensd wg exploreda s a
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above, in which duties are still imgant but not the whole of what responsibility is about. Because

being a responsible professiorall ays a key part in the designeros
pr of es sd doensd ogimbeeah bbject of care, which provides sufficient motivator acting

responsibly. In other words, responsibility is linked not only to an external dimension of care (others,

the planet as a whol e, etc.), but also to an in
o n e 6 ®nastmehtfNaturallyhts requires further elaboration.
For the responsible designer, hiding behind empt

when influencing the visual and material reality of millions of people around the world. Typically,

desi gner sabléta diseussithe prinaptes of the various methods that are employed in design
thinking than the first prdi3f.dtispdrhaps beocause dfehssthatn 6 ( E
some often eschew deep di s c ureferitoaddraw analftoo®asylredo| o gy ¢
line over designing weapons, ads for tobacco products, or pornographic websites. On the other hand,
working mindlessly without impacting our field or social sphere, or keeping a safe distance from the
theoretical outskirtef the discipline does not cut it either. A responsible designer seeks to articulate a

di fferent path altogether, bringing together the
From a philosophical poi nt opdersondlleinvestedain whattheyo n t h :
care about. Phil osophaveidedtdywr Yy h Fwhakf wet cppopei abot

1999, 111). When our object of care is harmed, we experience that as a personal loss; moreover, when
our object of careldurishes we see that as a personal gain. This can be illustrated with the example of

a design instructor or teacher. An invested teacher sees it as their personal gain when a student
advances, l earns new skill s, rmwversly, aeacheiwhecsresabi | i |
will often experience a sense of personal loss when their students fail to connect and apply their
learned subject matter. The upshot is that a responsible teadiegstedn their objects or subjects

of care, and it is lmusehey carethat that a sense of loss or gain is experienced.

Something similar happens in professional design activity. As we advanced above, it is because the
practice of design personally matters to us as designers that we are driven to acthbigsdnisi
could be articul at-ierdt etrhnradu grhottitveat d @xthe rcroanic e p't
(Harpaz, 2013). While monetary incentives are welcome, it is a personal set of values or aims that will
enable a learner their needed motivation toeéxand shine amidst other learners. While this may

seem the case in other professions as wel/|, des
position as mediator and facilitator. Being a key agent mediating bepadiepmakers industry and

mak eting | eader s, and the 6ordinary peopl ed, t o
i mportance of caring for design on the designero
I ndeed, whil e working in the industryods top, gr
2007) st resses his approach to the designerds intr

value system as a key notion in design practice:

Money has never been a motivating force in my work. | am very happy to have made enough money to

live as wellas | do, but | never thought of money as a reason to work. For me, work was about
survival . I had to work in order to have any se
something, | was very nervous and unstdpl82).[...] Acknowledging thathte world exists, and that

you are not the only participant in it, is a profound step. The impulse towards narcissism- or self

i nterest is so profound, particularly when you |
beyond the idea that therensot enough to go around, to move bey
before anybody el s@34).akes it away from mebo

In his downto-earth approach, Glaser foregrounds the dilemma of countless designers evén today
are we working for ourselves, toake a lot of money or create a name for ourselves, or do we work
for something more, for a purpose that is more dear and profound to us.
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Thus, responsible professional designers are personally affected when their object of care (the design
profession oreven, design as a whole) is advanced or hindered. Hence seeking to realize specific
purposes and design solutions matters to them. If you will, design empathy does not only deal with
caring about and generating empathy towards other design partnerssdotd #ie discipline itself,

and the very definition of design practice (see Segal & Ventura, 2019a).

Designer Michael Bierut, who worked with leading companies and agencies, expresses the concern
designers feel when their own beliefs conflict withthe ¢lit s or a shi fting reald]
In terms of design, | really admire and envy designers who always must do it their way and can walk

away from a job if itds not done on their own t e
a guy who was absolutely secure in his convictiongjghde liked it when people agreed with him, it
wasndét necessary in order for him to feel t hat h
canét sell somet hing, I feel | {qkot=d ih Millmean, 20@7] | ed a
6).

Once more, a sturdy belief system is all well and good, yet when working in the industry, not a
gallery, designers find themselves in complex situations, leading to difficult choices and requiring
rotten compromises. Interestingly, even such a staigier shares his uncertainty of acknowledging

a clearly defined hierarchy of beliefs. Should we focus on being paid, on sustaining our reputation, or
perhaps something bigger yet ephemeral?

Bierut also expresses his concern with the struggle betweerspimfial responsibility and the need to

earn a living or simply keep the lights on in your studio:

Most of us would say that our ideals, whether newfound or long held, give way at the end of the day to
the pressures of running our businesses; that thestarourse of action is to push environmental
activism or social consciousness as far as you can and then back off to fight another day; and that a
clientés a client and an invoice is an invoice.
Maybe itdés about something else, something that
with the very structure of the relationship between designers and their ¢Betst, 2007, 19).

Responsibility as a virtue is expressed by asking ¢ihgsestions about what choices are compatible

with desirable aspects of oneds identity, and a
devel opment as a person. A question |like 6could
guesion we, albeit tacitly, often ask ourselves, yet perhaps not often enough. Moreover, due to its
broad and overreaching nature, design can and often does lead to thorny questions around equality,
gender, identity, legal boundaries, and more. As suchngealith responsibility is not a hypothetical

or theoretical conundr um, but a significant mat:
becoming oneselfrom both a professional and a personal point. Therefore, the classic question of

6whatd wad not designbd, mi ght trigger an answer
abovementioned redundant clichés.g(, 6 weaponsod) . Mor eover, setting
perception of an egdriven creator in favor of a complex action of desigctont r i but e t o o
fl ourishing might help in strengthening oneds ¢

responsibility. Indeed, while professionally caring for others (either individuals or marginalized social
groups) may fall to the has of dedicated professionals (inclusive or social designers), the
responsi ble necessity of defining oneds infl uen:q
necessary process for all practitioners.

3.3 From caring about to caring for

As we explained, the external and internal sides of responsibility are basic necessary traits of design
as a practice. Yet, when moving from this starting point to a deeper and more significant stance, we
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must reconsider the essence of care. The notablgaadto this factor is the consideration of an even
more complex notion of empathy, identification, social virtue, global and unequivocal beliefs, and
emotions. While the status of emotions as a valid source of moral knowledge is a hotly and widely
contested issue in philosophy, the charadiased perspective we present here leaves plenty of room

for considering them as a relevant i nput for m
creativity from linking emotions and creating evocative objetitsthe deeper and relevant link

bet ween car e, empat hy, and phenomenol ogy. I n ot
design partnersd needs and -basedunderstanding of,feelings,e we d
memories, and experienceslwil hel p i n securing oneds subjective

responsibility and care, which is firmly anchored in the very profession they are committed to. This

shift could be articulated through a simple choice of color in the designsgioam | choosing

orange because it sells more, or because it will help my design partners confront shame and stigma?

In short, what we caraboutand, more importantly, what we céduw® is paramount in our ethical life,

and even helps define our professibexpertise (social design or marketiogented design, for

example). Ethics is not about following rules, but about pondering on the effects of our daily
existence in the world as well as about our reasons and purposes, which is why design as a daily,
routinel ed action is so relevant. I ndeed, Milton GI e
when designing, not but a set of rules, but simp
Designing a package aimed at children for a cereal whoséeotsyou know are low in nutritional

value and high in sugar.

Designing a line of Bhirts for a manufacturer that employs child lal§&Giaser, 2004).

While the latter dictum is fairly uncontroverstalhe former tackles a related topic but from a more
elusive perspective. Should designers design a technicallydesitined product, for which they are
handsomely paid, to harmfully yet legally influence the -agsdrs? Glaser's words are ethically
relevant in that they remind us of what to cabmut he B not providing a set of dos and don'ts to

follow or adhere to blindly but making us question what we should care about.

Imagine the following scenario: an interface designer, suppose their name is Chris, feels uneasy and
troubled regarding a client askifigy the inclusionofsec al | ed O6dar k patternsd in
they are working ofi.Imagine also that Chris seeks to negotiate with their manager or client and
argues for a different design, one that is not manipulative and does not trickighoteistomers of a

digital service into engaging in determinate behaviors that are not beneficial for them.

In line with our arguments, it is theay Chris approaches and deals with this situation that is central

to ethics. The result they might obtaim their negotiation is naturally relevant but is also highly
contingent on many factors outside Chrisd sway
race, gender, or age, as well as an institutional culture and so on). The upshot is thato@isris sh
moral and emotional maturity by recognizing and facing a difficult, ethically fraught situation. In this
way, Chris' character is further developed and strengthened as they seek to balance as a whole person
the multiple demands they face: not doingaagrofessional designer something (a manipulative
design) they reject as a person (manipulation). Chris is willing and able to engage. They avoid
shutting off the uneasiness and being mindless not necessarily because they have an obligation
towards the cuemer, but because in their view a responsible designer would not manipulate a person
or user . What 6s mor e, Chris would not bear to be

SWe call it O6uncontroversial 6 because child |l abor 1is
a whole. However, child labor is still one the most critical unresolved issues humanity faces. In 2020, according

to UNICEF, 160 million chilren were forced to work.

4 Dark patterns are design tropes that seek to promote business objectives such as increasing revenue by
exploiting cognitive biases and psychological mechanisms.
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This complex scenario is mirrored in the assertion offered by the designerVamest or e t hat |
unspoken part of what we do is compromise. Clie
hi m do wh a(quotecin Millnant 20@7 5107Yictore thus truthfully summarizes the daily

essence of design, one whichyipically not told to design students: design practice is not a magical

and instantaneous process, but a rather arduous, conflicting, angotisieming process of
negotiation and conversation. Like swimming against the current in a-istiesked sea, thdesigner

materializes or visualizes an intricate compromise, mediated by the value systems of a plethora of
design partners.

Another vignette could be articulated through industrial design. Imagine Lucy, another hypothetical
designer, who receives a comeial brief to design a plastic chair. For here, several possibilities

arise. First, they can design the chair restricting themself to the consideration of the technical aspects

of the brief without appraising further implications. Second, they can outrigjbct the brief
Quixotically, stressing that the project is beyond rescue because the world is already filled with chairs

and there is no need for another. Third, they can suggest alternative and more plausible approaches.

For instance, subtractingama unt of plastic from the mold (i.e.
makes it lighter), designing for longevity and repairability, placing the chair into a circular business
mo d e | (such as O6Product Servi ce SyasetnamysotheMo d el s ¢

possible courses of action, some of which might end up in not designing the chair at all or in firing the
client or in Lucy quitting their job, but this would be outside the point we try to make here, which is

not aboutadvocating sacrifices o uphol d oneb6és v.al Tkese phiantvies th
consideration of the possibility of different alternatives is what instantiates responsibility. Joseph
Wei zenbaum (1976, 241) affirmed thatlizedbofhthe myt h
conscience. Its service is to remove responsibility from the shoulders of everyone who truly believes

i n it. o Through t he conception of alternative
thoughtlessness and fatalism, not in the harshxiglabinary perception, but rather as a protest

through everyday choices and actions (De Certeau, 1998, 34) that allow her to face the difficult issues

and come to terms with them. This scenario focuses on environmental aspects but Lucy, being the
responible designer they are, is not naive about design and knows that its effects are often broader
than the environmental layer.

4 The perils of compartmentalization

In general, personal identity is made out of the different roles we adopt (professional, feed,

sibling, daughter, employee or employer, lover, citizen, and so on). This division entails that the

et hical del i berations one performs often genera
different social roles. However, truly actinga wayonecan live with means making it personal and

owning the decisions one makes. This means reflecting the power dynamics of the situation and on
which important things are at stake and must be balanced, as well as what gets lost in the process and

for what greater good. This reflection requires moral and emotional maturity. Especially in the form

of emotional regulation skills, which help us avoid being overwhelmed and alienating ourselves from

what is important to us in order to cope with the caxipy of work life. Victore (quoted in Millman,

2007) articul ates t he di fficulties of navigat.
professional roles:

Professionally, I donét really have auwwhatther ri es.
state of the profession will be i n Mydtoecerinow ur e. I
is to make a little bit of money. And for the first time in my life, | feel guilty abgutL@8). [...]I like

what | do, and | seem taakie a reputation for altruism and telling the truth; but at the same time, all

that wor k | do for free. Oor | pay for it with 7
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l'iving for my family. And this bot hvwantahotmed! bec aus
(p.109)

With candor, Victore highlights the classic dilemma of designers rooted in the irdltistiyg to

navi gate bet ween o0 nlieed getupholding the profedsmnal aconunitnrerst dnd

sense of shared purpose that istesldo a practice as well as to maintaining a sense of self. To cope

with this difficult position, people often, willingly or not, turn wmpartmentalizationthat is,
dividing onebés I|ife into O6segments, e warkhis wi t h i
di vided from | eisure, private | i f eMacintyre,BO0publ i c,
204). This means doing something as a professional that one finds ethically inadmissible as a friend,
citizen, or parent. While allowing onetofunco ndafiten onldy efsloé¢ @tei maleyps di
a fragmented self is seriously diminished as a moral agent, and it is incapable of bridging the
limitations foisted by its own different roles. When designers compartmentalize, they typically tell

there el ves that 6édesign is just a jobé, 61 am not
with whatever they ask me, whet her | i ke it or
Again, as we have seen in the Ul mdisSigitemeetsdtcs conf

decide whether it is in exclusive service of the industry, or perhaps something else altogether. This
second option does not necessarily entail becoming -b@ro designer or a secluded hermit. First,

we need to acknowledge the harimfifluence of a fragmented self and try to determine a path that

would be acceptable in both a professional and personal manner.

Every designer constantly negotiates and compromises in their daily work about technical, formal, or
aesthetic issues. Thisests from the fluid and temporal nature of the discipline, in which designers

find themselves working in various fields of production and facing conflicting demands, according to
their current clients. But it is our contention that this negotiation invahegesponsible designer as a

whole person, implicating their different roles when relevant. The role that negotiation plays in
responsibility and the designerds personal i nves
Scher (quoted in Millma, 2007: 5651):

There are all kinds of problems and compromises that [one] must negotiate. Things that have to be
held on to, things that have to be protected to
hard work.

These words are important because they can be understood as highlighting that Scher is not merely
wishingto hold on to these elusive thingshese things truly matter to her and are worth working

hard for. She makes these things especially her own. Weydseem to be truly important because she

fully identifieswith them. It would be a personal loss for her if what she cares about was dimmished.
Designing as selénactment and setfevelopment lies in perfecting a billboard with poor legibility,

as itdoes in developing a virtual solution for an inclusive clinic or a banking app that allows those
who suffer from gambling addiction to block transactions relating to gambling (some banks already
offer a tool like this, see Monzo, n/a). A responsible desigrho cares would realize that even if this

bl ocking feature wondt resolve the underlying gae
can contribute to reducing the impulsivity that is afforded by the immediacy of digital tools. This view

is articulated in another quote by Scher (quoted in Millman, 2007, 44):

| consider the fact that | have been able to continue to grow a very important part of how | perceive

success. To me, success i s not ab evary daynath they |, ito
optimism that | have the capacity for growth, th
5 A disclaimer: we want to illustrate a point and we might be wiomg our i nterpretation of

point we make about seffhactment stands regardless.
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As we see, even among the Olympus of the designers, there are relevant and important issues larger
than answering a clientds brief. Therefore, we
means learning to recognize, appreciate and care aboubratiekse elusive things. What we do as
practitioners is an important part of our narrative quest as individuals. It is a part of how we want to

be and who we want to become. At its most general, the virtue of responsibility is expressed in truly
caring fa certain things because they are seen to be directly connected to the attaintient of

internal goods of designthe exclusive rewards that design as a practice offers its practitioners,

which canonly be obtained by designing (Guersenzvaig, 2021). herowords, money or fame,
however i mportant, donot make the cut to count a
with oO6those things that have to be protecteddo
prestige, which can be attaindatough any other means.

Il ndeed, while designers differ from artists in
should not serve as an excuse to annul all other value systems. Designers must acknowledge and
articulate a system of respondiilyi and values, for both themselves and the discipline. Responsibility

as a virtue revolves around a readiness to care and a willingness to respond to a plurality of often
conflicting demands. Of course, this readiness is bound by thaliility one hado responsibly deal

with those demands. In other words, internal capacities such as imagination, perseverance, or
judgment , as wel |l as the external institutional
459).

What can be done, then? We sketch tWwoundary conditions for action. First, leaving designers to

decide between two unproductive courses of aétieither leaving the industry or embracing
carelessness . This is, to reiter mtwagh,andforthepl v not
industry. Any viable professional ethics must recognize this fact and preserve the ability to make a
living through the profession while staying connected to the industry. Second, as many authors have
vigorously argued from different political and thetical perspectives, it is necessary to act in order to

change our relation to the discipline.d.,Boehnert, 2018; Bruinsma, 2000; Costatsck, 2020;

Dreyfuss, 1955; Garland, 1964; Irwin, 2015; Maldonado, 2018; Margolin, 2002; Monteiro, 2019;
Papanek,1984). Moreover, the understanding and triggering of a holistic professional change must
come from within design practice because crucial insights into the ethics of designing can be obtained

by practitioners examining the practice from within to recognizghat designerslready do that

amounts to what design can be at its best (Guersenzvaig, forthcoming). Change from within also
requires reflecting on and taking -oriergepd@amds i bi |l i
consumption generator agent te imdustry. It is from this awareness about the practice that we can
change our relation to the discipline and transformcidwéng aboutinto the actuakaring for that

design is about.

I n sum, avoiding compartmentaliedat iton sasakse ugd f
Harawayoés formul ati on. Attempting to change t he
require, even in urgent times |ike these, to Oc
futures f or c o raiaway, 200& h)eA raotei modest et grorhising individual and

coll ective commitment to change andsesporsiblelookingge i n

at the past i0withouhfatilely ekgedtingias a preboaditien that our pacis pure
and free from everything we repudiate, because it will never be. Design is too complex and fraught to
becleansedand purged of its ethical entanglements.

5 Conclusion

Our approach avoids the watbdden, yet unfruitful, paths of either succumbing to the industry and
coping with it from a disengaged and fractusedf orexiting the profession altogether. We suggested
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a different course of action in which a responsitdsigner is aware of what bounds and constrains
them morally and furthermore invests a lot of effort in changing the constraining conditions. All this
out of a readiness to care and a sense of integrity. The words of Milton Glaser serve to highlight this
avenue for professional responsibility:

I think I stand for an attempt to think responsibly about the practice of design in terms of its effects on
soci ety. I drightedusly. § elieve thht ydu hawveetd think about the consequences of
whatyou do. | try to be conscious abdhts andraise the issue wherever and whenever | can. | also
think | stand for an openness about what the design profession can be, and how things beyond the
practice affect and modify both society and the way we thinktadesignMilton Glaser, in Millman

2007, 39).

Milton Glaserds words highlight the need to emb
effects of design, but they also underscore the need to implicate ourselves in the effort to change the
constraining conditions under which we operate. This effort consists primarily of engaging in difficult
negotiations and persuading others (the client, project managers, marketing experts, etc.) into a
consensus about what counts as possible. The narrbeezonception of what counts as a valid
expected outcome (that is, one that is accepted by the client as a psidEtthe more constrained

the space of true possibilities and, i abouttour n, th
carirg for.

The effort to change the constraining conditions resonates with what Paul Dourish (2001, 172) calls
the 6édesignerés stancebéb; i . e., the designerés o

perspective they adopt regarding the role thiay in a given design situation. A responsible designer

has a stance that enables thenmizke the efforto design as to ensure that the possibility of care
becomes an actuality. It has to do with a sense of integrity and identification with whatateey c

aboub in this case it is design, their profession, its rewards, as well as its larger purposes. One of the
reasonwhya responsi ble designer strives to broaden t
personally affects them whether care éslized or not. The responsible designer finds motivating

reasons for ethical action because they care, and they care because designing is a constituent part of
who they are and who they aspire to become. Designing responsibly brings them closer togoecomin

the person they want to be, thus actualizing their stance, which will help nudge the scales from a
shortterm focus on external goods such as money or prestige to the purposeful aterriong
investment in the internal goods of design. The virtues qoresbility and practical wisdom allow

the designer to know what to do by developing attachments to what matters and by enabling them to
rank goals, purposes, and rewards that are to be pursued and held to.

This account enables us to retain the notionesponsibility without implying that a designer is

wholly responsiblefor an outcome. Arguing that designers have full control over both process and
results would be absurd. Instead, responsibility is about actualizing care when one has the effective
capacily to respond and about not eschewing to seek out ways to be less constrained by the
circumstances when one doesndét have those effect
the readiness and willingness to convert care into design under coamgledynamic circumstances,

acting responsibly does not seem farfetched, but rather plaasia a marketed environment.

6.1 Clarifying remarks

Before concluding we want to make three clarifyi
at thispoint that would be necessary to consider these threads with the attention they deserve.

First, caring in the sense outlined in this paper ismeaiessarilyselfless, altruistic, or out of a sole

aptitude for empathic concern for others (though it cath iansome caseshould be). Caring is,

however, unquestionably personal. A caring stance is characteristic of how a responsible designer
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engages in the pursuit of the internal goods of design, and this is part of their narrative quest, not only
asaprofesi onal , but also as an individual. Being re
is fundament al for enacting oned6s | ife plans as
profession. In this sense, our approach shows a plausiblenwalyich responsibility can go beyond

being a remote aspirational ideal for the design profession, but a purpose that is both reasonable and
worth pursuing. This understanding, however, entails constantly reevaluating and adjusting the
broader, abstract gbas we g i ¥ suchoas bebrgings leappiness, authenticity. transcendence,
success, a nddandnhawn tizey fit tobether svith our own narrative quest and the other
practices we participate in.

Second, we wish to zoom in to and acknowledge anoee the dynamics of current professional

design, which is embedded in {fprofit organizations. There are huge constraining conditions
(political, organizational, and economical ones) that a professional designer faces in the context of
contemporary modarcapitalism. Everyone who has a job knows that market forces affect and tend to
reduce all spheres of human activity to that which can be exploited for profit. We believe, however,

that all this does not invalidate our proposal, which is more about hoavigate these tensions than

about resolving the problems of designing in times of capitalism.

Moreover, influencing the field through its hardcore industrial sphere creates another sort of impact

than choosing the safer approach and influencing throegigml venues that are already deeply

rooted in moralistihumanistic roots (i.e., inclusive, empathic, hurtcantered design, etc.).

Designers (and especially our students as desigodrs) would do well to realize that, beyond

market forces, our deeperality is anchored in interdependency and vulnerability, which inescapably
require care (Maclntyre, 2001; Hel d, 2005). What
care activities, which take place against a backdrop of unequal class radet gelations, without

whi ch capitalism canobt s-pay cdrev veork, whithi isy kainlp tnd un p a i
disproportionately carried out by women: all that cooking, cleaning, and caring for children, people

with special needs, and older adults. F@ny scholars, this is no coincidence, but a basic condition

of capitalism (Ml er, 2019) . Thi s i nstrument a
goodness f rdowhetheraregakzed ithtosgh Iddsign or chilke ad i hg but it ma Kk e
recaynize, question, and reject the parasitic nature of the relationship.

I n 1964, Dutch graphic designer Jan van Toorn |

(Crouwel & Van Toorn, 2015, 55). Can he be right? It certaégur job as designers to deliver work
that meets the requirements stipulated in the design brief and for which we were hired in the first

pl ace. Thi s mi ght seem to contradict van Toor
contradiction, he has a poin meeting business goal sonljebn 6t p O S
Professional designers have many ot her goal s an

flourishing is paramount of course, how this task ought to be carried ioypracticeis a perennial

matter of discussion among practitioners. To clarify, we are not arguing against increasing a
companyds revenue or mar ket share (or seeking f.
turns problematic when achieving external rewarllseli t hese become the desig
that systematically overrides more strategic professional purposes. When this happens the practice
itself is debased and derailed. The pernicious consequences of pleasing mesimedter whatre

evident: nobnly does the practice of design suffer but its claim to professional status becomes moot.

Third, despite selénactment being our unit of analysis, it would be mistaken to view this account as
putting forward a view of designers as sabisorbed selfish osoperators. Responsibility, as we
presented it here, is a disposition, rather than a matter of convenience. Furthermore, an individualist
interpretation candédt possibly be a correct readi
conceptiorof the goods that are pursued by the professigmactice While responsibility as a virtue
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surely arises from discovering what it is to be ourselves, many of the issues calling for responsibility
are not resolvable individually.

Nonetheless, a sharedrpp ose doesndét tell the whole story be
engagement with the practice is indispensable to realizing the ends we pursue as designers. Yet, acting

upon shared purposes is not, i na malktez of ehangidgstheo f Ch
outl ook of i ndi vi dual s, it i s not a battle of fi

market forces we alluded to in the previous paragraphs nudge us in the direction of atomism and
hopelessness, where we oftendabby the rules of market efficiency, even when they conflict with

our own views (Taylor, 1991, 97). It would be naive or even cynical to deny this. Nevertheless, there

is no other use in fatalism, thoughtlessness, and passivity other than furthercirgntbe vicious

circle of inevitability and the abdication of responsibility. Coming to enact responsibility and to
understand the shared nature of the practice of design and its purposes are ways of resisting those
forces and changing the practice fronithin. In so far as this common pursuit strengthens the
practitionersd identification with the practice
atomism and fatalism that makes us hopeless weakens. Along this line, a shared purpose transcends
individual practitioners and substantively connects them to one another, mhlas selenactment

a collective quest as well as an individual one: as professional designers we enact ourselves with and
through others.
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Abstract. The purpose of engineering is to solve consequentiahwedd problems in service of society. To be
effective problensolvers in societal contexts, engineers and designers ought to be trained to conceptualize and
operationalize ethics, equity, and justice in their practice. Our work develops a methodology forcan ethi
equity, and justice audit of design pedagogy that can also be extended to design practice. We develop this
methodology by drawing on and extending the Design Justice framework, which we then use to assess design
pedagogy at a technology institutiorthe Massachusetts Institute of Technology. In addition, we explore how
design and critique courses engage with ethics, equity, and justice content in course syllabi and examine the
impact of social and racial justice movements on design pedagogy. Oupfaddiign pedagogy, the largest

such audit of its kind, serves as a proof of concept of how this methodology can be applied more broadly to
design education and practice.

Keywords: design, equity, ethics justice, pedagogy

1 Introduction

Engineering desigpedagogy largely focuses on building scientific, engineering, and design expertise

in future engineers (Bucciarelli, 1996; Cross & Cross, 1998). This focus on analytical and technical
rigor, while essential, does not generally take into consideratiovitddeand complex role of social

context in the design of technology (Rittel & Webber, 1973), and imparts an incomplete
understanding to future designers and technology inventors of the role and purpose of the engineer,
and engineered artifacts and systeinssociety (Verma & Djokic, 2021c). Given that the shared
purpose of engineers and of engineering is to solve consequentialoré&hlproblems, our research

project takes as its starting point the need to train engineers to conceptualize and oliszattbies,

equity, and justice in their work, especially their design practice. To that end, through this paper, we
explore whether engineering design pedagogy equips engineers with the necessary intellectual
frameworks to consider questions of ethiogyity, and justice. Engineering education and design
researchers generally agree that pedagogical innovations are needed in order to ensure that current and
future technologies are imagined, designed, built, managed, and disposed of in equitable and just
ways (Riley, 2008; Gallimore, 2021; Costarzhock, 2020). In this paper, we audit design pedagogy

and the inclusion of ethics, equity, and justice therein to provide a baseline from which to commence
pedagogical innovation and renewal to better preparmes of the future. In our work, we draw

and build on the pivotal work of Sasha CostaGrmck (2020) which proposes design justice as a
Aiframewor k for analysis of how design distribut
peopl e. 0 ichesaraners, Juchsag CostaGdaock (2020) and DOl gnazi
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and practitioners urge designers to consider the ways in which design can perpetuate or challenge
systems of oppression and discrimination in contemporary societies (Ce€tamdka 2020; Collins,

2002). Doing so requires that designers explicitly consider design justice principles such as: which
values are encoded in design work, who is paid to do design (and recognized as a designer), where
design is done, and who the design wisrkione with and for (Costanfzhock, 2018). The focus of

our work is how the normative logics underpinning design are rationalized and perpetuated through
pedagogy (Costanzahock, 2018), particularly in light of Black Lives Matter (BLN&d social
movenents and an unprecedented amplification of justice in the social consciousness in the United
States starting in 2020. We explore the impact of these rapidly mainstreaming social movements on
design pedagogy at a technology institufidn this case, the Maachusetts Institute of Technology

(MIT). Our audit of design pedagogy at MIT, our shared home institution, is carried out in the spirit of
constructive critique and transparency, as a call to design instructors to reflect on the ways in which
we can bettetrain engineers of the future to serve society. The overarching aim of our research
endeavor is to inform and stimulate the creation of design pedagogy that creates engineers who,
through their design practice, aspire to advance equity and justice. akie time four following
contributions through our paper: first, we extend the design justice paradigm for assessing design
pedagogy; second, we explore which design justice paradigms are embedded in design pedagogy and
how they engage with ethics, equitydajustice; third, we investigate what impact, if any, the social
movements of 2020 have had on design pedagogy between Fall 2019 and Fall 2020 at MIT; and
fourth, we demonstrate a proof of concept design justice syllabus audit methodology that can be used
at institutions of higher education. Such periodic audits can be used to understand, measure, and
orchestrate systemic and institutional shifts towards educating and training future designers and
engineers who are better able to engage with ethics atickjuEhe first ever design justice audit of
design pedagogy at MIT carried out in our work creates a baseline for comparing future pedagogical
improvements and innovations.

2 Related Works

Design justice is a framework of analysis as well as a communpyro ct i ce t hat fiensu
equitable distribution of designdés benefits and
and recognition of communigased, Indigenous, and diasporic design traditions, knowledge, and
pract i c e s-GhacK, 2018).t Aadegign justice analysis of technological design examines
whether a particular technology challenges or reinforces existing and systemic forms of oppression

and suppression or the matrix of domination (Collins, 1990). Costatze@ c k 6 s lbsigo k o n
justice proposes seven questions to critique existing technologies and institutional systems in which
they operate, or to consider as part of the practice of designing new technologies. These questions
include: (1) who gets to do design and whosekwsirecognized as desigiduity), (2) what users

and communities do we design for and wieeficiarie}, (3) what values are embedded implicitly

or explicitly in technological artifacts and systervalles, (4) how do we scope and frame design

problens Scopg, (5) where is design work done and how does the location of the design work
impact which sites are privileged whereas others are marginalized or igBae=s (6) who receives

the benefits of design work and how can the work be owned by coitiesuinstead of individuals
(Ownership, Accountability, & Political Economy7) how do we rationalize and remember how and

why technologies are designed as they Biscpursg (CostanzeChock 2018). In order to add greater
granularity to our analysiand pay particular attention to discussion of past harms of technology, we
separated fADiscourseodo into two distinct categori
Universalist, standardized, and esieefits-all approaches to design are too often prescrilsepast

of engineering pedagogy. These methods overlook how the potential benefits, burdens, and harms
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created by technologies are distributed on the basis of race, ethnicity, class, gender, disability and
sexuality. While prior design epistemologies andagdams including (but not limited to) value
sensitive design (Friedman, 1996), values in design (Knobel & Bowker, 2011), resonsteined

design (Anderson et. al., 2012), hur@ntered design (Buchanan, 2001) and othéimve sought to

center users ahcommunities, none have aspired to achieve intersectional equity as part of design
work, as design justice does. Examples of wetntioned but flawed engineering efforts aimed
towards development abound in engineering practice and pedagogy. Inuearftguch engineering
for-development initiatives, Nieusma and Riley (2010) observe that these engineering initiatives often
make inaccurate and problematic assumptions about the role technology can and should play in
development. Technologfpr-developmat efforts also frequently ignore the power relations they
create or perpetuate and forsake meaningful community engagement. This ultimately privileges
technical performance and functionality as an end rather than a means towards achieving
development. Siitarly, Schneider et al. (2008) critique the colonial undertones of univeesity
engineering development projects through which students from Global North universities seek to
launch development initiatives in the Global South. Here too, because ahifagions of their own

training and the constraints of the development initiative as undertaken in a pedagogical context,
student engagement with communities is fleeting and lacking in depth. Communities are desjgned

and notwith, as advocated by tltesign justice framework.

These efforts by engineering educators and students to engage in development work can be situated in
a broader movement within engineering that Mitcham and Munoz (2010) desctioenasitarian
engineering They write that humant ar i an engi neering can be descri
has been called the O6soci al captivity of engineecé
of wealth and powero (Mitcham & Munoz, 2d&h10; Gol
engineering, or more broadly, humanitarian design, calls not only for an examination of our current
design curricula but also reckoning with problematic practices taught to prior generations of engineers
which continue to inform our design current giiee and pedagogy (Lucena & Schneider, 2007).
Understanding and addressing the limitations of engineering pedagogy specifically and design
pedagogy broadly requires that we examine it through new conceptual lenses that bring social
scientific and humanisivays of knowing to bear on the role of science and technology in society
(Verma, 2021a). Pritchard and Baillie (2006) carry out such an analysis through a survey of Science
and Technology Studies (STS) faculty and identify participation, politics, armrahip as key
analytical themes. Our paper builds on this work and adds additional analytical themes from the
design justice framewo&such as Values, Scope, Discourse, and Histdries analyzing design
pedagogy.

While Costanz&C h o ¢c k 6 s D e sholarship (RQL8, 202@®) was published relatively recently, it
coalesces under one framework of ethics, equity, and justice considerations that have long been
foregrounded by engineering ethics and engineering education researchers (Baillie and Pawley 2012;
Riley 2008). For this reason, we believe that a 2019 and 2020 audit of design pedagogy using this
framework is apt. Our work marks the first scholarly effort to extend the design justice framework for
assessing design pedagogy. While no previous worlexglsred how design justice is embedded in
design education, prior studies have developed methods of reviewing course syllabi to find patterns
concerning how particular topics, such as ethics, are covered in curricula. Syllabus analysis is an
establisheduseful method of identifying areas of emphasis in curricula (Chong, 2016). Fiesler et al.
(2020) conducted an analysis of syllabi with a focus on ethics curricula in computing education. They
investigated whether ethics courses were typically standaloiielmr topics were being integrated

into core computing curricula. Through their analysis of 115 syllabi, they found that there is a myriad
of ways in which instructors are engaging with ethics topics in their curricula and with a variation in
the depth bthese engagements. Their recommendations for integrating ethics content into computing
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courses include emphasizing the idea in introductory courses that even a small design artifact like
code can have social consequences so that students understardptresibility of working in
computing early on in their education. We conducted an audit of design courses using a similar
methodology to investigate the ways in which instructors engage with ethics, equity, and justice in
design pedagogy in both enginegrias well as negngineering departments of a technology
institution. The design justice audit was guided by the following research questions in our study:

RQ1: How, if at all, are design classes engaging with equity, justice, and ethics considerations?

We hypothesize that most design classes are not directly engaging with equity, justice, and ethics
considerations. We expect to see wide variation across classes and departments in their levels of
engagement with these topics: from no presence to integratuity, justice, and ethics as main
focuses of a course.

RQ2: Which design justice paradigms are implicitly or explicitly embedded in design pedagogy?

We hypothesize that each department will have different design justice paradigms embedded in their
pedagogy based on the parts of design they naturally already engage with. For instance, Mechanical
Engineering courses may include more Beneficiaries since engagement with users is a common part
of design courses in the field. Similarly, Nuclear Scienak Emgineering courses may include more
Histories since some design courses involve critique of historical nuclear failures.

RQ3: What impact, if any, have the Biléddl social movements of 2020 had on design pedagogy?
We hypothesize that the BLA¢d social movements of 2020 will have minimal impacts on design
pedagogy. We expect that due to the COMMDpandemic, courses may incorporate more practices
that indicate social mindedness (such as extension policies, exggitility accommodations, etc.)
but we do not expect this to permeate into pedagogy.

3 Methodology

To answer our research gquestions, we analyzed the design courses and the design principles (Fu et al.
2016) embedded therein at a technology institutiofiTjMhrough a novel design justice centered
syllabus auditing methodology that we developed.

3.1 Syllabus Auditing Process

Our initial approach included performing a keywc
2020 after the BLMed social novements of winter, spring, and summer 2020. However, initial

results (1006 courses for Fall 2020) did not comprehensively encompass design pedagogy at MIT.
Recognizing the importance of design and critique as part of a reflective design practice (Verma,
2021b; Bardzell, 2010), we were interested in identifying not only design courses but also courses
which taught the students to think criticatfjd e s i g n . I n our analysi s, we I
courses. In order to capture design justice coraiibers as they appear in both design and critique

courses, we extended the design justice framework and developed elaborations of the design justice
guestions as they apply in the context of a design and critique course respectively. These elaborations

of the design justice questions in design and critique pedagogical contexts, which we refer to as the
design justice and pedagogy framework, are shown in Table 1.
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Table 1.Design justice questions: Examples in the context of design and critique

Question

Design example

Critigue example

Equity: Who gets to do
design?

The course considers how identity
and background (race, class,
ethnicity, gender, disability, and
sexuality) shape who is able to do
design and be recognized as a
designer, or the course explicitly
treats users and communities
potentially impacted by a
tedhnology as its designers.

The course critiques how identity and
background shape who is able to do deg
and recognized as a designer. The syllal
critiques design practices that do or do n
view users and impacted communities a
co-designers.

Benefciaries: Who do we
design for or with?

The course considers how design
identify users and whether user
identity and background impact
who is considered as a potential
user for a new design and whose
preferences and needs are
accounted for as part of thlesign
work.

The course includes theoretical or
methodological resources or itself critiqu
design processes that give differential
access to individuals (who is designed fq
and with), or individual preferences, bas
on their identity and background.

Values:What values do we
encode and reproduce in the
objects and systems that we
design?

The course teaches student
designers to reflect on their own
biases, assumptions, and values i
how these might become embedd
in the artifacts or systems they
design.

The course includes theoretical or
methodological resources that students
use to examine or critique the values thg
are implicitly or explicitly encoded in
technologies, and/or the course itself
includes this critique.

ScopeHow do we scope an
frame design problems?

The course teaches students to p
attention to the ways in which
design problems are framed and t
extent to which justice, equity, anc
ethics considerations shape those
framings.

The course includes theoretica
methodological resources that students
may use to examine and critique the
framing of design problemsfocusing on
whether those framings are attentive to
justice, equity, and ethids,and/or the
course itself includes this critique.

Sites:Where do welo
design? What design sites &
privileged? Which sides are
ignored or marginalized?
How do we make design sité
accessible to those who will
be most impacted?

The course asks students to
consider as part of their design
work how their own design site
may be privileged whereas others
are overlooked or marginalized.

The course includes theoretical and
methodological resources that enable th
students to critically examine and interpr
how the site of the design work shapes t
designed artifact, and/tine course itself
includes this critique.

Ownership, Accountability,
& Political Economy:Who
owns and profits from desig
outcomes? What social
relationships are reproduced
by design? How do we movs
towards community control
of design processes?

The course asks students to refleq
on who may ultimately own the
artifact or system being designed,
what social and power relationshij
the designed artifact may either
reproduced or create anew, or ho
the ownership of the artifact or
system being desiga can, over its
full lifecycle, be held by
communities instead of by
individuals.

The course includes theoretical or
methodological resources that enable
students to critique the designed artifact
system and its maintenance, by examini
its ownershipstructures and social and
power relationships created or reproducy
by the design, and/or the course itself
includes this critique.
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Discourse:What stories do | The course asks students to The course includes theoretical and

we tell about how things are| consider how the technology or | methodological resources that enable
designed? artifact being designed may be studentgo critically examine how and
interpreted and/or rationalized, an| why prior or current technologies are
itds raison do-°|interpreted, rationalized and the raison
future users. dé°tre described b
users, and/or the course itself includes ti

critique.

Histories Acknowledging The course asks students to The course includes theoretical and
unequal historieand/or consider the historical harms that| methodologial resources that students ¢
historical harms arising from may have arisen from prior use to examine the historical harms that
technology design, use, or | versions of the technology being | have arisen current, prior, or future
diffusion. designed. technologies, and/or the course itself
includes this critique.

Though we initially started with a keyword sear
capture the broadest possible range of design and critique courses at MIT, we developed a more
thorough approach that consisted of reviewing course listag®ss six departments. The
departments chosen for our analysis are represe.]l
their emphasis on design at MIT: Mechanical Engineering (MechE), Electrical Engineering &
Computer Science (EECS), Nuclear ®cie & Engineering (NSE), Architecture, Urban Studies &

Planning (DUSP), and Media Arts & Sciences (MAS). Across these departments, we logged courses

for Fall 2019 and Fall 2020, collecting the course descriptions, syllabi, and any additional course
materids available. Additionally, we identified courses taught in both Fall 2019 and Fall 2020 for
comparison. We iteratively identified and agreed (two coders per course description) upon which
courses were design and/or critique courses that included aspeetisios, equity, or justice to
include for further analysis. We engaged in thi:
gualitative research approach to ensure we captured the variation of design courses at MIT and to test
developing ideas dhe presence of Design Justice at MIT. This approach in turn helped create a valid
dataset with the potential for generalizability and expansion to other pedagogical contexts (Maxwell,
1992). This detailed approach enabled us to gather all course shbiaibdiad a design or critique
component across the six departments. We gathered 121 course syllabi from Fall 2019 and 119 syllabi
from Fall 202@ a total of 240 unique course syllabi. Of these, 65 were courses offered in both
semesters and thus could be dile compared. Table 2 depicts the course distribution across
departments and the corresponding number of syllabi that were analyzed.

Table 2.Number of total classes in each department of interest in Fall 2019 and Fall 2020 along with number of
syllabirequested and number of syllabi analyzed for each department of interest

Fall 2020 Fall 2019
Total Number of Number of Total Number of Number of
number of syllabi syllabi number of syllabi syllabi
classes requested analyzed classes requested analyzed
MechE 130 89 34 128 83 28
EECS 161 48 26 152 46 22
NSE 41 9 6 38 6 5
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MAS 22 16 17 20 14 11
Architecture | 88 52 17 84 61 26
DUSP 64 34 19 65 33 29
Total 506 248 119 487 243 121
3.2 Analysis

We analyzed all course descriptions and syllabi to idenkiéy inclusion of ethics, equity, and/or
justice content within design and critique courses. Each syllabus was analyzed comparatively by two
coders using an iteratively developed rubric, similar to the rubric development process in Das (2021).
A draft of the rubric was created after the research team conducted a preliminary review of the dataset
across the departments to gain an initial understanding of syllabi organization and content styles. The
rubric was then iterated upon four times and piloted on se$udf the syllabus dataset including nine
syllabi gathered from across four of the departments (NSE, MechE MAS, and EECS). The rubric is
composed of four sections: (1) Introduction, (2) Course Description from Course Catalog, (3)
Syllabus, and (4) Summary

The Introduction section of the rubric gathers background information (i.e., year course was taught,
name of the course, department, etc.). This section also asks about whether the course syllabus
features any statements related to justice, ethics, godye including land acknowledgments
(statements recognizing Indigenous Peoples as traditional stewards of the land) and statements
concerning mental health and disability accommodations. The Course Description section uses a
Python script to read the ame description and record the presence of 26 terms that relate to design
justice themeseg(g.,ist akehol der, 0 fAparticipatory, 0o Aincl us
our rubric devel opment process. T hpdicit &yexplick bus s e
presence of the design justice questions and design paradigms included in the syipbus(an

centered design, complex system design, value centered design, etc.). The Summary section of the
rubric records whether external commyngartners are involved in the course, the core learning
methods employed, whether and how the design course is designing and/or critiquing a design topic
and/or object, and an overview of whether and how design justice principles are explicitly/implicitly

and meaningfully/superficially incorporated into
of design justice questions but without labeling them as such and without any inclusion of theoretical

and met hodol ogi cal r ieesl asudirect enentiondiaBdkcpnisideationslofydesign s d e
justice questions with exposure to theoretical
Asuperficiallydo were defined across a r-nerge fror
inthe syl l abusdo (superficially) to the course bei

coding using the rubric was completed by two team members for each course syllabus. Each team
member coded each syllabus independently using the rubric irommatf of a Qualtrics survey.
Researchers discussed the results and resolved
coding approaches. After all syllabi were coded through the rubric, we analyzed the results in several
stages. The first stagavolved aggregating numerical data from each department to track how many
syllabi in each department were addressing each design justice question. We also recorded the
implicit/explicit engagement levels, meaningful/superficial attention to design jysiicaples, and

where design justice principles and questions were an afterthought vs. where they were thoughtfully
integrated in the course syllabus. A final question on the rubric asked the respondent to reflect on
opportunities for the inclusion of dga justice considerations in the course being analyzed.
Responses to this question were used to identify exemplar courses described in Section 4.2. These
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results were aggregated in the same way as the data from the design justice questions. We also
compaed the courses between Fall 2019 and Fall 2020 (61 courses) documenting changes in presence
of design justice.

The syllabi ranged from course schedules and lists of topics covered in the yeadegthin
descriptions of course policies and grading toedlith the presentation from the first class of the
semester to pages on websites. We obtained syl |l
management system and working with professors and departmental instructors and administrators. All
syllabi that we gathered from the course management system were publicly available to the MIT
community. We also reached out directly to professors and departmental adminétast@sproach

that posed its own challenges. We sent up to two emails requestialgi,sylit only 44% of emails

yielded a syllabus of interest. We experienced several challenges and limitations with regards to
gathering syllabi including the variety of dispersed locations that syllabi were stored (i.e., course
management system, instructpwebsites), low availability of syllabi if they were not posted online,

only syllabi from one semester being available (often the most recent semester), and incorrect listing
of instructors on the course website.

Another limitation of this work has tdo with the descriptiveness and level of detail contained in
course syllabi. Course syllabi are intended to provide an overview of the course; however, they may
not capture all strategies that instructors use to incorporate design justice into theiusuarrkor
example, depending on the detail provided in the syllabi, it can be difficult to gauge if assignments
engage with design justice material in the course in ways that may be slirdeted and otherwise

not captured in the course description dtabus €.g.,projects could be creating a space for students

to explore design justice principles that are not reflected in the syllabi). Our approaches for addressing
these methodological limitations are described in the Future Work section.

4 Results

A total of 505 classes were logged for Fall 2020 across these six departments. Among these, 368
classes were identified as classes of interest (design or other ethics/justicdtemsiéd critique) for

syllabi gathering. Our analysis of the syllabi frahese departments and courses, which forms a
baseline against which future curriculum development can be assessed, reveals that design justice is
grossly underemphasized in design pedagogy. This is despite increased discussion around diversity,
equity, andnclusion in academic spaces, including calls from engineering leadership to center equity
in undergraduate curricula (Gallimore, 2020; ABET, 2021), particularly in light of the recent social
movements. Coursework continues to be more focused on ther gesicess and design outcomes
without detailed consideration of societal implications of technology development and use. Principles
of equity, justice, and engagement with user populations and impacted communities, when present,
are more commonly treateds @neoff engagements instead of sustained community partnerships,
which have been shown to be more impactful (Ostrowski et al., 2021). We observe some positive
movement with classes discussing topics such as sustainability in engineering contexts. However
discussions around ethics, justice, and equity are more commonly found in classes that do not have
design components or are outside of engineering disciplines, such as in DUSP or MAS. Though the
COVID-19 pandemic and the social movements of 2020 sewedtalysts for adapting courses for
remote learning, there has not yet been a corresponding reform towards embedding design justice
values in design courses, though it is possible that such changes are being planned. Though more time
is necessary to detaie a representative trend, we now have a critical first data point.
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Design Justice Questions Across Departments
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Figure 1. Design justice questions and their inclusion in course syllabi as compared across departments. The
A0t herd category
not fit one of the value categories
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4.1 Design Justice in Department Courses

We compared the courses from across departments to understand how various fields were integrating
design justice into their courses. We qared the percentage of classes across each department that
had any design justice component. As shown in Figure 1, DUSP courses had the highest prevalence of
design justice (97.7%). NSE had the next highest (66.7%) followed by Architecture (54.3%), MAS

anal y stiwsre desiggusticedagljacent butdid ¢ s

S

(42.4%), and MechE (29.0%). EECS had by far the least prevalence of design justice themes, with
only 4.3% of classes mentioning any design justitated topic in the syllabus.

As shown in Figure 2, courses in rengineering departments such as architectDUSP, and MAS
consistently included design justice considerations at a much higher rate than courses in engineering
departments. Courses in engineering departments performed especially poorly along the Equity, Sites,

Values, and Discourse dimensionaegories that are no less applicable in an engineering context
than a norengineering one. Figure 3 provides an additional way to view the data along the
dimensions of explicit/implicit and meaningful/superficial engagement with design justice. DUSP had

the highest prevalence of design justice with most of the courses exhibiting some emphasis on design

justice in the curriculum. MechE and EECS had the least presence of design justice and,

correspondingly, on average, the principles were not included anerationed. MAS, Architecture,
and NSE clustered together with having some design jystesencebut the overall average was a
cursory ondiner in the syllabus without implicit or explicit mention of design justice, though the
middle two quartiles dematrate that there is a small range toward low implicit or explicit mentions
in these departments.
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Design Justice Questions Across Engineering and Non-engineering Courses
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Figure 2. Design justice values compared across courses for engineering aedgioeering departments

Design Justice Questions in Classes Across Departments

focus of course
@® Mechanical Engineering
Architecture
Electrical Engineering & Computer Science
Urban Studies & Planning
@ Nuclear Engineering

Media Arts & Sciences

high Iimplicit high explicit

no mention

Figure 3. Depiction of the implicit/explicit ananeaningful/superficial focus given to design justice questions
across departments. The marker is located at the average of botlatiteyaxes for each department. The size
of the marker is proportional to the middle two quartiles of the level of atqss of design justice content
within a department to better depict the majority of the courses and exclude outliers

4.2 Exemplar Courses

Despite the relatively low emphasis on design justice considerations across departments, our syllabus
analysis did reveal a number of exemplary pedagogical practices. In this section, we explicitly
identify these courses as exemplars that other instrumiaid emulate in the future.

Design justice and related concepts as main learning objectBase courses had topics that were

very aligned with design justice with an additional emphasis on technology. For instance, one way
that design justice was ingorated into courses was having a focus and main objective of the course
related to social justice and incorporating certain technologies into the course to facilitate discussions
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on how technologies can enable or prevent justice and perpetuate oxrsapidil inequalities. One

course of this type in MAS began with andapth examination of racism and social injustice in the
United States with readings and discussion focused on these and othefr@stank topics. The

course then introduced a tectali foundation that merged technology applications with social justice.
Students produced a proposal and/or research project that they worked on over the course of the
semester that combined their interests and learning objectives of the course relasigitqustice.

Design justice concepts incorporated into technical pedagOme type of exemplar was a course

that not only emphasized technical rigor, but also centered design justice considerations in the context
of tool use and development. For exaempa course on Geographic Information System (GIS)
mapping offered in DUSP, in addition to emphasizing technical knowledge, also acknowledges the
political significance of maps while critiquing associated historically oppressive practices.
Specifically, itanalyzes the use of maps and seeks to positiornmaéng as a tool of empowerment

for communities and activists that enables them to tell their own stories. The course achieves these
learning objectives by interspersing technical readings on GIS witlngsaon power, colonialism,

and the politics of maps such that students learn to critique GIS techniques and their potential uses
even as they continue to acquire expertise in the area. This practice of foregrounding social context
and interspersing ethi¢ equity, and justice considerations with technical expertise is a practice that
could usefully be emulated in the context of any course similarly built around teaching the use or
development of an analytical tool.

Emphasis on community engageme3tme ourses incorporated external groups relevant to the
design topic into their pedagogy, like clients, experts, and community members. Select courses in
sustainability in Mechanical Engineering and DUSP took students on field trips and met with local
experts to better understand the leading factors and -fiestd insights related to a specific
environmental issue. The hands engagements that centered around different aspects of the
problen® from health (of humans and ecosystems) to economic setymitymoteda more wel

rounded problersolving approach. Similarly, a desifpr-the-developingworld social impact course

in Mechanical Engineering had community partners evaluate the proposed technologies as part of the
coursedbds eval uat i onthgdewce wosld actodlly be iseful to ghe community o t
partners. Though these community members were not treated or identifiedlesigreers, they gave

input throughout the design process in a formalized way. By collaborating with those who would be
affeded by design decisions, these classes in Mechanical Engineering and DUSP allowed students to
better understand the social huances of building technologies and/or designing urban infrastructures.
Just as the courses described above represent exemplagpgiedhpractices, several other courses

as depicted in syllabi we analyzed, offer opportunities for learning lessons from prior pedagogical
practices that have incorporated ethics, equity, and justice content in design pedagogy with limited
success. In geeral, these course fall into one of three categories:

(1) One set of courses tends to eirgellectualize ethics, equity, and justice as conceptual categories
through the use of theories and frameworks that are far removed from the lived experiences of
communities and individuals who actually experience inequities. This approach to the treatment of
ethics, equity, and justice content was especially apparent in departments that deal with the designs of
large sociotechnical systems. Because of the sizes@qk of such systems and their architecture of
systems made up of several systems, questions of equity, ethics, and justice are easily overlooked.
Instead, they ought to be integrated into every level of scale and technology design (Turner et al.,
2021).

(2) A second set of courses that are a study in how not to teach ethics, equity, and justice are those
that seek to develop products or systems for underserved communities, without directly engaging with
those communities during any stage of the desigogss. Such approaches to design, if normalized
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as part of the pedagogical practice at leading institutions of higher learning, are likely to be amplified
and perpetuated in design practice when students enter the workforce.

(3) A third set of courses arthose that treat ethics, equity, and justice in cursory and inconsistent
ways across course offerings. Several course syllabi we reviewed included ethics, equity, and justice
content but did not show students how to operationalize it in design or entiopk.

Overall, exemplar courses demonstrate a variety of ways to integrate design justice concepts into both
engineering and neengineering pedagogy, with several examples of exemplary pedagogical
practices transcending specific departments. é&ample, both engineering and remgineering
departments could benefit from greater community engagement as part of teaching design or critique.
Similarly, these departments could benefit equally from including reflections on, and critiques of, the
analyical tools being developed in the course. Conversely, several courses whose syllabi we analyzed
contain examples of how not to teach ethics, equity, and justice content. While our list of exemplary
and norexemplary pedagogical practices is not exhaustierecommend that instructors of design
courses reference these examples, the exemplars in particular, to identify ways they might incorporate
design justice into their own curricula. Instructors may also wish to consider and reflect on other
novel pedaggical approaches that are not yet in practice.

4.3 Changes in Courses between Fall 2019 and Fall 2020

The majority of courses (80%) that were taught in both Fall 2019 and Fall 2020 had no change in their
inclusion of design justice questions. Figure 4eds the positive and negative changes that occurred
between semesters with respect to design justice areas. DUSP exhibited the most change between Fall
2019 and Fall 2020; DUSP increased design justice in its syllabi in all areas except Equity. MAS,
MechE EECS, and NSE saw some change, though to a lesser degree than DUSP. Architecture
showed no change between semesters.

Changes in Courses between Fall 2019 and Fall 2020 Urban Studies & Planning (n = 11)

. Nuclear Engineering (n = 4)

@ computer Science (n = 16)

0.3 Architecture (n = 8)

. Mechanical Engineering (n = 18)

0.2
Media Arts & Sciences (n = 8)

0.1

Percentage of Courses

Equity Beneficiaries Values Scope Sties Ownership, Discourse Histories Other
Accountability,
& Political
Economy
Figure 4. Changes in courses between Fall 2019 and Fall 2020 across the design justice areas. Bars above the
zero axis indicate thabarses in that department incorporated more design justice areas into their courses. Bars

below the zero axis indicate that courses removed areas of design justice from the courses
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In addition to comparing the design justice areas between semestersovwex@abred how design

justice emphasis changed between semesters by analyzing how implicitly or explicitly the design
justice questions and principles were addressed in the course and how meaningfully or superficially
they were incorporated. Figure 5 dgpi the results from 10 courses across the departments that
exhibited change along these dimensions. There are three general trends that were identified from this
subset of courses: (1) courses trend from being low implicit or no mention at all to &xplicit
incorporating design justice into the course with more meaningfulness; (2) courses move from having

no mention at all to implicitly incorporating design injustice into the course with some curriculum
emphasis; and (3) courses move from incorporatinggdefistice explicitly to incorporating it

implicitly. For example, courses that moved from low implicit or no mention to low or high explicit
reshaped the course to include design justice or added design justice case studies to complement
technical matedl. Courses that moved from having no mention to implicitly incorporating design
justice added | imited readings around the topic
justice focusedod whereas, C 0 u r sxelisit ta ihpdicit, thoughy e d t h ¢
few, often removed readings or focus on design justice to prioritize other materials.

Urban Studies & Planning focus of course
@ Nuclear Engineering
@ Computer Science
Architecture
Media Arts & Sciences
‘‘‘‘‘‘ ‘e R R R R some emphasis in curriculum
e
@
high implicit < S 1 . ; > high explicit
P
,//
,/,
D@ cc\receecheeeidiii @ittt cursory one-liner

no mention

Figure 5. Plot demonstrating how classes shifted emphasis in design justice focus between Fall 2019 and Fall
2020. The open point reprede Fall 2019 and the solid point following the arrow represents Fall 2020. The
points are color coded by department. No changes were observed in Mechanical Engineering courses

The changes we saw were incorporated into courses in a variety of ways. @oses gestructured

lectures and curriculum materials to reframe the course more around social justice. Some courses
completely redesigned the course to have a more even balance between technical material and case
studies on design justice related areagew courses also removed course work, such as an inclusive
design lecture, that decreased the emphasis of design justice in the course. Overall, the majority of
courses held in both Fall 2019 and Fall 2020 did not change with regards to design justice dse
emphasis. Those that did change generally changed positively, incorporating more design justice into
the content and/or increasing emphasis on design justice through the methods described previously.
One of the courses exhibiting positive changess transformed into what we have called an

BN

nfexemplar. o It is noteworthy that such a transf
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suggests that courses lacking design justice content might not falter from lack of potential or
irrelevance tacourse content; it simply takes someone with an eye and intention for quatiskill

that can be learned by engineering and-eogineering course instructérso redesign curricula.
Ultimately, however, even the majority of courses with positive improm¢rmeuld be considerably
further improved through more explicit, meaningful, and intentional inclusion of design justice
considerations.

5 Discussion

Overall, the results of this study indicate that design justice themes are, for the most part, not being
prioritized in engineering courses. There is much room for improvement, especially in the engineering
courses that are more focused on technology development for its own sake rather than viewing
technology as a means to an end. Some courses are prigriigncontent through oraf lectures

on ethicsrelated topics or short modules on relevant design juatif@&ent material, such as
sustainability. However, most technoledgsign focused classes have little to no focus on ethics,
equity, nor justiceThis is a glaring gap in engineering design education that must be addressed. Non
engineering departments had a much more meaningful focus on design justice related topics.
Although some nomngineering departments have a stronger focus on these topicaréhoften not
integrated throughout the entire curriculum and are not the main focus of the design process. Notably,
the departments with the largest design justice focus tended to have the smallest number of students,
so the overall reach of this contes very limited. At technologfocused institutions, these smaller
departments often have less respect, power, and funding than engineering departments, which further
limits their sphere of influence. Some possibilities for pedagogical reform may énehgineering
instructors learning from approaches adopted by colleagues, partnering with colleagues in other
departments to develop novel cralkpartmental course offerings, and urging their engineering
students to take neengineering courses as a wadyimproving their engineering practice through the
development of intellectual breadth.

In addition to analyzing the department courses, we also examined changes between courses that were
taught in both Fall 2019 and Fall 2020. In general, there wereHanges in the inclusion of design
justice questions addressed between Fall 2019 and Fall 2020. Though there were 17 examples of
reform with respect to certain design justice paradigms, there were also five cases of courses reducing
the presence of desigustice related principles between the two years. While most courses did not
change their overall explicit/implicit or meaningful/superficial engagement with design justice, those
that did often incorporated more design justice aspects into their curttoalagh this was done both
implicitly and explicitly. Ideally, we would like to see courses consistently engage with design justice
explicitly as demonstrated by the exemplars.

It is also important to note that the events of 2020, namely the CQYIpan@mic and subsequent
transition to virtual teaching, added stress and labor on educators that may have prevented them from
embedding these values, as they focused more time on student wellbeing and acknowledging the
emotional turmoil that students were fagiin the context of the pandemic and the increasing
visibility of police brutality and racism in the United States (Park et al., 2020). Virtual teaching and
the added toll on educators may have limited instructors from experimenting with content: agesuch,
may expect to see more of the changes described added into 2021 syllabi when many courses reverted
to the inperson format. Regardless, it is crucial that design justice paradigms be incorporated into
design courses directly, so that students see #wfundamental components of the design process.
Students who do not learn and practice these concepts will become design practitioners who do not
have experience with considering the implications of their work and may become more disengaged
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with these pmciples (Cech, 2013). Justice, ethics, and equity cannot be afterthoughts and must be
foregrounded in design pedagogy.

We firmly believe that ethics, equity, and justice are fundamental components of engineering and
must be incorporated into engineering education. Our results demonstrate that traditional engineering
departments engaged much less with design justice thaengineering departments. We are at a

critical juncture to address the lack of design justice in engineering design pedagogy, and we are
beginning to see commitments in the field to address this. Recently, the deans of multiple engineering
departments nainwide jointly authored a letter to The Accreditation Board for Engineering and
Technology, Inc. (ABET) emphasizing the need for implementing a Diversity, Equity, and Inclusion
requirement in engineering curricula (ABET, 2021). Some universities hawadalembarked on

significant programs of curricular reform. For example, the University of Michigan has begun

i ncorporating these topics into their -centergd neer i
engineeringo (Gal |l i modakand EHica@l Rgsponsihilities Mfl Computingh e S o
(SERC), has been working towards centering on social, ethical, and policy considerations in
computing pedagogy (MIT SERC 2021). In addition to these advancements, there are opportunities

and methods for includg design justice in future course offerilga s wedve seen in oL
analysi® such as the inclusion of ethics and equity considerations in courses built around analysis
tools and techniques. Courses can also include curriculum components thagateestd discuss the

social implications of technology by questioning who has access to the technology, who benefits from

it, and who designs it.

While our focus in this paper is on undergraduate and graduate courses, we believe that our work
provides catributions and extensions to design practice as well. The training that designers and
engineers receive in their coursework in undergraduate and graduate schooling is essential to shaping
how these students will develop future technologies. Our workatsweprovides emphasis on Design
Justice that can be translated to corporate and
work can be expanded to examining corporate and industrial design projects, encouraging
professional designers and @raprs to embed Design Justice principles in practice. It could also be

used as a benchmark or assessment of corporate attention to Design Justice principles. This extension
also provides future work directions for the interface and impact of Design eJugtizinded
coursework for design in practice.

5.1 Future Work

As previously acknowledged, syllabi are not a complete representation of the full pedagogical and
learning experience imparted and experienced in a course. Future work will explore addiipsal

to understand how instructors include design justice considerations in their courses apart from the
material listed on the syllabus. To this end, we have developed a survey that will allow course
instructors to articulate how they incorporate desiggti¢e principles into their courses to build a
more complete picture of how design justice is integrated into pedagogy. We also plan to interview
instructors of the courses to understand why and when they incorporate design justice in pedagogy, in
addition to any institutional incentives or barriers they encounter while doing so. We expect that this
future research will be able to offer recommendations not only for curricular reform but also
educational policy reform at institutions of higher learning asll vas through accreditation
organizations such as ABET.

In our ongoing work, we have already begun collecting syllabi from other departments and additional
years to extend this investigation further. We also plan to conduct a comprehensive analysis of ou
recommendations that we noted when we were completing the syllabus coding. These
recommendations will be used to inform how design justice could be incorporated into courses more
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specifically (i.e., case studies, section of project, etc.). We have edstoged a Python script that
reads each syllabus and identifies the design justice related keywords within it. We plan to elaborate
on this analysis in a future publication to show which terms appear in syllabi across various
departments.

6 Conclusion

RQ1Z How, if at all, are design classes engaging with equity, justice, and ethics considerations?

Most design courses are not engaging with equity, justice, and ethics considerations. In particular,
there is a large gap in the level of engagement with thegsies in engineering design courses
compared to design courses outside of the engineering departments. This is a troubling finding and
suggests that engineering design curricula could be reformed to meaningfully engage with equity,
justice, and ethics csitderations.

RQ2: Which design justice paradigms are implicitly or explicitly embedded in design pedagogy?

The design justice paradigms embedded in design pedagogy varied widely across departments. Urban
Studies & Planning and Media Arts & Sciences thtb have a similarly high rate of all the design
justice questions present in their courses and Electrical Engineering & Computer Science tended to
have little to no design justice questions present in their courses. Mechanical Engineering and Nuclear
Engineering courses both had a higher presence of Beneficiaries and Scope, but Nuclear Engineering
also had a clearer focus on Histories, likely because of the presence of many critique courses that
addressed past disasters. Architecture courses had a pigisence of Beneficiaries, Values, and
Sites. We also found that some courses included topics adjacent to design justice that did not fit one of
the explicit design justice paradigms. For instance, sustainability and climate change were focus areas
for several engineering design courses.

RQ3: What impact, if any, have the Biléddl social movements of 2020 had on design pedagogy?

We found that the majority of courses had no significant changes between 2019 and 2020. It is
possible that this is too sharf a time frame to see any significant changes, so we plan to continue
this research in the future to determine how long it takes to see meaningful changes in the curriculum.

Our paper highlights the notable absence of design justice principles in desigiesign critique
courses, especially in engineering departments, at a technology institution, despite thedBiddial
movements of 2020. We call for a stronger emphasis of ethics, equity, and justice in design pedagogy.
While these principles may Heund in nondesign courses and namgineering departments, it is
important for future developers and designers to responsibly engage with the social contexts and
implications of their work, which is emphasized through incorporation of design justiogpfamin

design educatiah both engineering and nangineering. Several recommendations emerge from our
work for how to include design justice principles. Our work develops a methodology for launching
design justice audits as an ongoing process at temiyahstitutions and identifying needs for
institutional support for justiee ethics, and equityminded work and education. Through these
measures, we expand the epistemic scope of design education to holistically support a more socially
minded design agtation centered on equity, justice, and ethics that empowers future designers to
guestion and consider the societal impacts of technological designs from the earliest stages of
ideation.
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The designer as cros®oundaries mediator: Merging machine
learning, ethics, and design for the flourishing of humans

Martina Sciannameé
Politecnico di Milano, Design Departmentartina.scianname@polimi.it

Abstract. Designers are elusive figures to define. As human beings, they have the ability to conceive and/or
create something for a purpose, yet they are characterized by empathy,-lsystethinking, and a
transformativeinfluence on the world: features that enable them to tackle significant challenges. To achieve
high goals, though, they need to navigate across disciplinary boundaries, building on diverse disciplines theories
and approaches to complement their educatmmhta frame and address complex problems adequately. Among
them, machine learning (ML) knowledge and ethical perspectives could be essential materials to face
contemporary issues and design for the flourishing of humans and their ecosystems. In thegfadlalidactic
experiment (i) to provide design students the tools to understand and exploit ML by translating technical
knowledge in a designerly way, and (ii) to frame their education in a-gehstive design perspective is
described and discussed.

Keywords expanding design education, introductory ML desigh game, machine learning (for) design, tesearch
throughdesign, responsible design

1 Introduction
1.1Everybody can design, but what defines a designer?

Prehistory is marked by the rise of techmylothe first rudimental tools that men created. Indeed, if

we consider design in its broadest sense, as the act of conceiving and/or creating something for a
purpose, this capability diffuse design in the words of Ezio Manz{iManzini & Coad, 2015) has
characterized humankind since the beginning of time. Then, it might not surprise if different
disciplines are now adopting and appropriating some design skills because, in the end, they belong to
all of us.

I n narrowing down ¢, ibguiaklyecomesoclea how fmuchl i is or ghowddrbe
expanding across boundaries but maintaining an undoubted specificity.

Throughout history, designers have been identified as the professionals who care about the beauty and
the appearance of things, as those focusing on their function, yet, going to the very roots of the
practice of design in its multiple forms and embedding the viewpoint of activity tiii€aptelinin &

Nardi, 2009) we may say that what primarily define designers is their capatulinediate between
humans and the world. Based on what they have available, they can envision things that have never
existed before and create something valuable both in a concrete and an abstract sense, spacing
between different scopes, which makes giesi pervasive activitfl ouridas, 1999)Especially from

this point, the current figure of the designer needs to be reshaped in the eyes of the lay public as well
as within the disciplinary educational institutions.

Designer s6 mai n lityaoltransforrh thevgorldiaccording ® ia predefined purpose
(may this be for pleasure, better usability, or survival). Hence, they can easily adapt to different
context s, and it gives them the possi bithdrfoty to
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solve problems, no matter how-dlefined they are, but especially to frame them correctly thanks to

their systemic reasoning.

In fact, more than ever before, we are becoming aware of the challenges we are facing, and that may
increase in theewar future. Friedma2019) even listed a set of specific challenges for design that

span throughout all levels of human condition: from performative issues to systemic, contextual, and

even global challengd#l. W. Meyer & Norman, 2020)What emergesfromh e aut hor sdé per .
is the necessity for designers to work across disciplinary boundaries to actually pervade and
contribute to any sort of issue we are called to respond to, not only by being incrementally involved in
multidisciplinary teams but adsby taking on organizational and managerial positions.

1.2 Building the crossboundaries mediator

In this historical moment, we are assisting to the revival of artificial intelligence (Al)i andre
prominentlyi machine learning (ML) systems, which aredlyl spreading into everyday life, due to

the favorable technological development (i.e., improved computational power and availability of large
amounts of data) and are expected to have significant impacts on human life as electrikigiylid

2016) Dai ng back to the 1950s, Al is the field conc
how to act effectively and s a(Rusdely& Nomig, 202Q)andd e v ar i
ML T its most popular subfield is getting a lot of attentioas it allows to create systems that address
uncertain issues (i.e., for which writing step-step instructions would require a great effort or may

not be possible) only by giving them a specific goal and huge amounts of examples to learn from, to
finally let them derive how to reach the goal and improve their performance over time. In practical
terms, it means that, among several other ML applications, it is now possible to easily automate
burdensome and repetitive human tasks, personalize contents aggordt o peopl ebs pref
behaviors, interact with devices by using natural language, and infer information from massive
guantities of data. The main issue, though, is that the techndtogyn diffusion of ML systems

often is not in line with peopfes needs, desires, or expectation
Awhol eness (Antonehi, 2018)while¢ degign has the potential to address this matter in a
humancentered way. Therefore, this field may be a perfect playground for designers, vehthda

skills to anticipate the impacts of a technology and to provide it new meanings, but, unfortunately,

they seem unprepared to effectively leverage ML capabilities and foresee opportunities as they lack
understanding, experience, tools, and methodesotp deal with ifDove et al., 2017; Yang et al.,

2020)

Thus, besides a revised definition of their role (as suggested in 1.1), designers need to be given
suitable means to amplify their field of action and have a role in this current hot topicicaigcis

Meyer and Norman (2020) report, design educatio
developed in other established fields, translating that understanding into a form useful to practicing
designers. o

To support the argumentation, the papeoposes an example of expanding the borders of design

across disciplines by merging ML knowledge, ethical perspective, and traditional design skills (like
empathy, systertevel thinking, and a transformative influence on the world) to enable designers t

impact human life. Indeed, ML could benefit people and their ecosystems in a revolutionary way as it
unveils whole new possibilities to interact with the world, and, according to their defining traits
presented above, designers have the potential to #teespreading of this technology towards
beneficial outcomes and trigger unexpected innovation if given the possibility.

The experimentation stems from a research project aimed at providing future designers the essential
skills to navigate across distiies in order to design responsible and meaningful systems integrating

ML. Specifically, it is developing a methodological contribution for MSc design education and
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designerly tools to enhance crdsstilization and interdisciplinary communication betwegesign

and ML, with a researethroughdesign approach.

Two are the main features of the proposed activity: (i) providing design students the tools to
understand and exploit ML by translating technical knowledge in a designerly way, and (ii) framing
their education in a valusensitive design perspective (van den Hoven, 2013).

As a matter of fact, it is in the light of awareness and responsibibityout technological potential

and limitations as well as about ethical and sociological implicatiathsit designers can play their
mediating role to address the criticalities of human life.

2 An experimental method for expanding the frontiers of design
2.2 Setting up the didactic activity: aim, target, and modalities

Even though some attempts to bring Al/MEuturice, 2017; Piet, 20199nd ethicgArtefact, 2017;

Gispen, 2017} o designers are emerging, to the best of
empirical experiment on merging together the three disciplinary perspectives on ML systems
developmat. Specifically, the study aims to assess the response of designers to this multifaceted
topic. Configured as an introductory didactic activity to present the core ingredients of ML as design
material, it targets doctoral students with some or no priowledge of the subject matter. They are
relevant testers because they are close to the intended audience for the research, and they have more
analytical skills, didactic experience, and consciousness about design research theories and methods
to build an nsightful discussion and peevaluation of the activity. Further iterations and applications

may also involve MSc design and engineering or computer science students.

The expected impact of this activity is to build awareness on the ML topic and pavaytt@wvards a
valuesensitive approach to designing Nifused solutions. For this, the set learning outcomes
include that: (i) in terms of knowledge, students should gain familiarity with the basic capabilities,
limitations, and implications of ML systemss well as the main values and possibilities for a
responsible and trustworthy design. (ii) In relation to skills, they should learn to pursue-drixzne

design process, activate fruitful discussions in team collaboration, and identify ML as a design
material. While (iii) concerning values, they should understand how to be responsible designers in the
contemporary situation and that ML can be an asset to face big challenges.

)

Figure 1.In-presence playtest. Photo by the author
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Due to its introductory character, the activity has been imagined as a brief (one to two hours) and
engaging experience, possibly anticipating a more extensive didactic path. Thus, a cooperative board
game format seemed the perfect fit to gently introdheemain topics, give procedural information,

and stimulate reflection and discussion in a practical context. In fact, games create a parallel world, a
safe place in between the physical and the game dimensior(litséinga, 1938)where players can

freely express themselves, make mistakes, and learn with no concrete repercussions. The cooperative
nature of the game, in this case, is essential as collaboration amplifies the team dimension that
characterizes a design environment (to which the participemetaused) and naturally encourages
discussion and exchange.

As the pandemic period requires, the activity has been developed and tested with both physical and
digital supports in two different sessions, each with two Ph.D. design students, for a fotal of
participants. For the qualitative purposes of the research, the limited number of testers left enough
space for the involved people to actively interact with the game and freely express their reflections,
and it allowed for an wdepth look at the exgrience of the activity itself, but of course, this presents
some limitations in terms of representativeness.

The first inpresence session (Fig. 1) involved two students with no prior knowledge of the subject
matter. For the second one, instead, theset.ed Ph. D. studentsd research
ML as a technology. For this session, the Miro platform (Fig. 2) has been chosen as digital support
because it effectively enables most of the actions that they would have performed in live
collabotion.

#INTRODUCTION: ML AGENTS

#SETTING: #SYSTEM DESIGN

“Q

@ #WHEIGHING UP: o #END MISSION -
e ey et e e o THE DEPLOYMENT:

Figure 2. Overview of the digital board supporting the online activity. Created by the author

2.3 An introductory board game: theory, tools, and procedures to structure the activity

As the focus of the activity is to push designers to the edgesciptinary boundaries to embrace and
mediate between designerly approach, ML contents, and ethical perspectives, the design process
represents the perfect space for the combination of the three ingredients. In a preliminary analysis
(Fig. 3), the author gaored how the three disciplines could contribute to each of the five stages of the
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design thinking process, as illustrated by (Dam & Siang, 2021). The ideation phase resulted in being
the one in which the mergence is most functional and significant. foherehe whole game
explicitly refers to it.

EMPATHISE |  DEFINE [ IDEATE PROTOTYPE TEST

setting up tests
researching space framing the problem envisioning possible and anticipating monitoring and
for intervention solutions assessing impacts
outcomes

influencing the driving towards a TPIeTnE accoptebiiy. defining parameters

research meaningful purpose SUstama ity and oriencin chaces and trade-offs

ghl e desirability 2
Figure3.Aut or 6s analysis of disciplinary contributions

SET-UP. The initial situation presents the players with their role as designers at the service of a
fictional World Association for Challenging and Strategic Issues (WACSI). They are called to join
and lead a team with the aim of designing a system to accoragdjisien mission. Before starting, an
impact goaland akey outcomd as intended in (Design Kit, n.d.) with available datasets are
provided to synthesize the mission. Tihpact goals long-term, significant impacts one is working

to achievé are idetified as the Sustainable Development Goals (SDGs) of the United Nations (UN
Open Working Group, 2015) and declined with one of their more precise targets. Whikeythe
outcomes nearterm and observable change/behavior one wants to pranaote defired to narrow

down the problem, including information about the context and target audience.

Hence, this opening contains the basic assumptions upon which the research is built and intended for
the participants to internalize: in the near future, desigstexsng for human flourishing should face
increasingly dynamic and complex challenges (Weil & Mayfield, 2020). To this end, human needs
will extend to a societal and esystemic dimension, and solutions will involve cuttedge
technologyi an approacihat influential academics called DesignX (Friedman et al., 2019).

After the initial setting, players are introduced to the core of their mission: to design a system,
enhanced by ML, to beneficially impact the current situation according to their givpaspu The
overall game structure aims at outlining the main steps one should follow to responsibly design a ML
system, and it develops in three main phasesitheoff, thesystem desigrand theweighing up
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KICK -OFF. Preliminarily to any concept comsttion, few elements should be considered and
openly defined to drive the ideation process. According to a‘s#ositive design approach (van den
Hoven, 2013), shared values should be expressed from the very early stages to be embedded in the
technologyand affect affordances and constraints of the system. Additionally, thinking explicitly
about the values is morally significant and may lead to meaningful results. Hence, the players are
invited to select one (iyaluethat will drive their system. Of course, it should not be the only one
embedded but the most prominent one. The values proposed (Fig. 4) are an adaptation of the ethical
principles behind the European Guidelines for Trustworthy Al (Highel Expert Groupon

Artificial Intelligence, 2019b), which are highly comprehensive and founded on fundamental human
rights. They are: respect for human autonomy, attention to fairness, increase of intelligibility,
prevention of harm, and promotion of flourishing. Thaeiathas been added in antithesis to the
previous one to suggest a more proactive attitude towards life;beialy, growth, progress, and
prosperity; while intelligibility replaces explicability because it implies that clarity can be achieved
either by exfanation or intuitively, expanding its sense to include UX issues as well.

RESPECT FOR HUMAN ATTENTION TO INCREASE OF PREVENTION OF PROMOTION OF
AUTONOMY FAIRNESS INTELLIGIBILITY HARM FLOURISHING

People and their ecosystems Immediacy and No material or mental
People must be free to make need to receive just and understandability have to be damage has to be inflicted to
their own decisions and to impartial treatment, respecting guaranteed, whether with a people and their ecosystems,
take control a balanced proportionality proper explanation or nor existing ones have to be
between means and ends intuitively worsen

Life, well-being, growth,
progress and prosperity of
ecosystems should be
fostered and nurtured

Figure 4. Value cards provided in the game. Created by the author

Other essential components relate to the material at hand: ML systems. Their most common
capabilities are intrduced and synthesized in the form of Kifl. agents They represent the keystone

of knowledge transfer. As in (M. Meyer, 2010) argumentation, they are conceived to be functional to
move pieces of knowledge from one field to another by transforming iaimore familiar language

for the recipients. Indeed, the characterization of ML systems as agents is actually borrowed by
(Russell & Norvig, 2020), a worldwide reference textbook fori Aind, while maintaining technical
correctness and clarity on theirnaputer nature, an emphasis on the parallelism with human agents
helps designers understand how to approach them as part of larger systenh4L Bgeimtembodies

a ML taski or problem in the words of (Russell & Norvig, 2020and summarizes the question:
what is the basic functioning principle of the system, generally speaking? The key tasks presented are
classification, regression, sequence prediction, generation, clustering, and action sélebtion
explanation of which is beyond the scope of thisuargntation. A previous workshop, organized in
collaboration with a MSc student in Digital and Interaction Design at Politecnico di Milano (Arnone,
2020), proved this level of information,-between the technical construction and the contextual
capabilities of ML systems, to be essential and sufficient to enable design students to exploit this
technology in concept elaborations effectively. The same experience revealed that a formal yet
simplified definition of a ML system (summarizing its internal prodeserms of input, procedure,

and output) combined with case studies provide enough information for operational comprehension.
Therefore, thViL agentssheets (Fig. 5) include a synthetic question expressing the core of the task, a
brief definition, someysst emés context ual capabilities to exel
studies (a positive one that complies with SB&=| challenges and a questionable one, threatening
ethical principles).
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SYNTHESIZING QUESTION <<

»e. AGENTC.

c@e

IS OR IS NOT?

DEFINITION <<

Classification: you give it a finite set of classes or categories, each with enough
examples to let the agent derive the parameters caracterizing them, and then it
becomes able to determine whether a new input belongs to one of those classes.

CONTEXTUAL CAPABILITIES <<« <

Object detection *

Image classification « Sentiment analysis *

Anomaly detection

Language identification * Image recognition * Sensor data classification

TRAIL GUARD
impact goal: Life on land
key outcome: Protect elephants from
poachers in Kenya parks
how: Distinguishing humans from
animals in camera trap photos and
sending them to park rangers in real

I GOOGLE PHOTOS
value at risk: Non-discrimination

key outcome: Facilitate photo retrieval
and create engaging reminiscing
experiences

how: Automatically categorizing photos
input: (Not enough varied) photos of

time

input: Images and videos of humans
and animals from different angles and
with different light conditions

output: Photos portraying humans

stakeholders: MARA elephant project
rangers, Intel - Al for Social Good,
Reserve - NGO using technology to
solve planet’s problems, wild animals

e =
Figure 5. Example of a ML agents sheet. Createdhwyauthor

humans, animals, landscapes, etc.
output: labelled photos

stakeholders: Google and Google Photos
users

issue: black people labelled as gorillas

CASE STUDIES <<

Finally, the players are supplied with (iii) five genergkntsto beneficially impact human life (Fig.

6) 1 automate, augment, empower, inspire, and speciakaaong which they should choose the one
responding to thegoquestyisare:m fihmpw oweultcdhe current
Then,value ML agent,and intent constitute the proposed founding material to orientate the design
process and outline a meaningful and responsible solution. Their initial definition is aimed at
stimulating refections and at keeping the team aligned on the same principles. It does not need to be
permanent; instead, variations are part of an iterative process.

AUGMENT

AUTOMATE EMPOWER INSPIRE SPECIALIZE

Relieve people from
tedious chores by doing
tiresome, unstimulating
and repetitive tasks for

them

Enable people to do
something otherwise
impossible with just human
capabilities

Instill some feeling and
stimulate people to take
action by presenting a new,
interesting perspective

Extend human capabilities,
by providing complementary
functions or information

Give people support to help
them become experts in a
precise task or domain

Figure 6. Intent cards provided in the game. Created by the author

A limitation of this approach ithat players are forced to include dvé agentin their design for the
didactic purpose of understanding them through a direct application in a concrete example. This does
not imply that ML is the preferable solution to any problem and neither thagk &ith agentis

enough to tackle complex tasks nor cannot work in cooperation with others. Unfortunately, as the
activity pursues immediacy, a short time frame, and a playful format, these issues are just briefly
mentioned, and a proper explanation does firal place in the game. Nevertheless, it should
complement the educational path.

SYSTEM DESIGN. Once thekick-off phase is concluded, and the consequent foundational elements
have been selectddalways with the mission goals in miiidhe backbone andhé¢ boundaries of the
system to design should be clear. Indeed, the discussion for the selection should embed the
envisioning of possibilities. That being the case, the elaboration of a more defined concept should be
relatively immediate by following the &dblished guidelines. Thus, for this activity, a time limit of

five minutes is provided to avoid redundant overthinking, and the completiorsydt@am sheds
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required. The | atter should support thentingarti ci |

out its characterizing features. Specifically, it follows the configuration of the case studies attached to
all the ML agents(as well as their definitions) and asks designers to describe: (i) the systeim task
how theML agentshould help to reacthe goal; (ii) inputi what information should the agent be
supplied with to perform the task; (iii) outputwhat the agent is expected to give in return; (iv)
stakeholder$ who need to be involved in the team to set the right premises. Actuallyi)(iznd

(i) are the basic constituents of any artificial intelligence (Al) system as outlined in the definition of
the European Commission (Higlevel Expert Group on Artificial Intelligence, 2019a). Instead, the
identification and potential involvemenf stakeholders in the design process is not only a widely
suggested ethical practice but also a consolidated approach in the field of design (participatory design,
or codesign). Ultimately, to anticipate possible difficulties in the systematizatiorhefidea,
examples have been prepared for the players to compare or adopt once the time is up. After the
comparison, final adjustments can be made before moving on to the closing phase.

WEIGHING UP. Among morals, meaningfulness, and usability, the last parthe game
encapsulates the humaantered soul of the approach. It introduces the criticalities that may emerge
in a ML system, presenting theimin the form of cardd as theconcernsraised by the fictional
WACSI wise council. Each card (Fig. 7) includes a possible limitation of the system and the related
implications, values, and options that designers have to avoid such hindrancentée cardsare
distinguished by disciplinargompetence: some issues may be primarily identified or handled by ML
developers, some by designers, and others by ethicists or social scientists. Still, they share the
common goal of benefiting human beings and the world around them.

Concerns rooted in dgtlal discussions, which constitute the largest part of the deck, are the result of
the analysis of the existing ethics guidelines comprehensively collected in the Al Ethics Guidelines
Global Inventory (Algorithmic Watch, 2020). Currently, it includes 118dglines, among which

only those in English, belonging to certain sectors, addressing Al in general (not specific applications
such as Al in healthcare), and listing some principles Al systems should embody were considered to
derive relevant values, imphtions, limitations, and options for the cards. As a result, 51 guidelines
were selected: 7 from academia, 20 from civil society, one from intergovernmental organizations, one
from international organizations, and 22 from the private sector. Furtheemeésr include some
consistent tools (Artefact, 2017; Calderon et al., 2019; Futurice, n.d.; IDEO, 2019) and the research
work developed in the project MeAt for UX concerns (Spallazzo et al., 2021).

Moreover, time is another significant variable for fagiconcerns. Whether they occur during the
design, development, or use of a ML system, a responsible approach requires that they be addressed
early in the process, both to prevent risks and to avoid late and costly interventions. To highlight this
point, he concern cards have been divided into three categories according to when the cause of
concern is originated. In tHeefore usaleck, the cause of concern precedes the model creation (then
the implications are patent also before the development of tharsys complete); in thm-usedeck,

the cause of concern affects the use of the system; andlontheundeck, it develops over time.

With the purpose of stimulating discussions about possible unforeseen outcomes and reflections on
responsible practés to be accounted for already in the ideation phase, the ultimate part of the game
makes the players address up to nine diffei@ricern cards(three from each time category)
randomly drawn. They can be read and solved in any order to underline tleaistimer preferable
procedure as long as all kinds of issues are well pondered.
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OVERARCHING VALUEAND  _ FAIRNESS
TYPE OF CONCERN

Data are not neutral, they are

LIMITATION <“C<d<4€ generated and collected by humans.

This is why

DATA CAN CONTAIN AND RETURN

IMPLICATION <<€ HISTORIC AND CULTURAL BIASES.
SPECIFICVALUE A<l |  uieded (mpirect discrimination.

will you consider from the beginning

) involving several stakeholders with
OPTION <<« different backgrounds to spot potential
dataset flaws?

MARKERS INDICATIONS <4< NO vesQOA poveQO

Figure 7. Example of a concern card. Created by the author.

As anticipated, all the cards present the readers a possible action that they can handle to increase the
beneficial impacts of their system or that they can disregard, exposing the system to be a potential
threat. Of course, not all the concerns apphjhwitmagined system or are preferable to comply with.

The focus here is on balancing the possible good or harm a system can cause, keeping into account the
time factor (time will not be sufficient if all options are fulfilled, as tackling all concernspimjact

would be an endless work), and acting accordingly. To do so, players can add some notes to their
system sheet (if necessary), replace any oivéhee ML agent,or intentcards (optional, this action

that would cost time), and advance a markerttenbenefitsand time indicators if they decide to

address the concern, just move thenefitsmarker if they considered the issue before reading the
card, or advance on théareat indicator when they decide to ignore it. Instructions about the
movements bthe markers are provided on the cards and vary according to their potential impact.
MISSION END. The end of the game is declared when players solve all the concern cards or reach
the final space of any indicator (getting to use all the time at theiosh$pr attaining the maximum

amount of benefits or threats). The level of positive or harmful impact achieved by the designed
system determines the completion of the mission. Four different epilogues are available (Fig. 8),
though they all converge in menting the fundamental requirements for responsible innovation that
students can guard for future reference: being (ethically) acceptable, sustainable, and socially
desirable (von Schomberg, 2013). Ultimately, the game results in leaving open spacehéor fu
considerations. In fact, whether a system satisfies these requiségardless of the outcome of the
missioni is up to the players to understand and hopefully discuss.
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MISSION FULLY
ACCOMPLISHED

© You have passed the mission
to your full potential, trying to
make the best out of any
issue. Unfortunately, many
possible negative implications
remain unexplored.
When you'll deal with your first
assignment in the real world,
do you think you can do better «
to fulfil the requirements for

o]

o mission 4
ACCOMPLISHED

You've done it! But have
you?

As limited as it may be, do
you think your solution
can actually be (ethically)
acceptable, sustainable,
and socially desirable?
Indeed, these are the
true requirements for

o

x

X
X

MISSION FAILED
BY CHOICE

You have totally understood
what it means to responsibly
design for humans and their
broadest ecosystem.

Well done!!

Whenever you imagine a
technological solution you
have to consider whether it is
enough (ethically) acceptable,

MISSION

0% FALED
7]

Your actions were quite
irresponsible!

If the solutions you implement
in the world are not (ethically)
acceptable, sustainable and
socially desirable, there is a
high risk you can do real harm.

responsible innovation: responsible innovation. sustainable and  socially
(ethical) acceptability, desirable.

sustainability and social o <>

desirability? v

Figure 8. Available mission end cards. Created by the author

3 From theory to practice: discussing the development of the game and the playtests
In the following, the results emerging from the observation of the playtests and the subsequent semi
structured interviews on the translation of ML and ethics concepts for designelisarssed. The
aim is to highlight the issues that affect the didactic purpose of the activity, while insights about the

game materials and mechanics are beyond the scope of this argumentation.

3.1 Limitations: Where the translation needs refinement

Since itwas a first tentative experimentation of merging three disciplinary perspectives to pursue a
common goal, the playtests have been a very informative occasion to spot some weaknesses in the
instructional framework.

Above all, conveyi nmatekHl thad cav lelp fagng nportaat satietal isqes
seemed feeble. In the first session, timpact goalwas not made explicit as one of the SDGs,
although <clarifying that in the second playtest
being Ph.D. students in the Department of Design at Politecnico di Milano, they are quite used to deal
with such high goals. CertainlyViL agentswere embraced in both sessions as manageable tools to
address the mission, regardless of the scale of thegpnobl

Their communication, however, highlighted some difficulties. Even if the combination of a definition
and case studies effectively delivered the core principles and the level was appropriate, the first
impact with a technical presentation was a litilodenting for the players with no prior knowledge.

At the same time, a more visual language could enhance assimilation and memory. The most
problematic point, though, is the length ML agentssheets. Although containing just essential
information, theyrequire some effort from players. If introduced in Kiek-off phase, they break the

rhythm of the activity, but also making them anticipate the game (as tested in the second version), it
remains a burdensome task. A collective introduction, aided malv&ipports, may facilitate the
knowledge transfer, leavirigL agentssheets the role of reminders.

Similarly, the tone of theoncern cardsneeds simplification for greater accessibility by master
students (the ultimate target of the activity). Additiorlay , mar king the differen
contents (limitations, implications values, options) may increase the intelligibility of the translation.
Overall, the game experience appeared balanced with respect to the capabilities of the testers and the
provided knowledge. Some uncertainty emerged only insysem desigmphase of the second
playtest when prior (neexpert) familiarity with the topic brought up issues that went beyond the
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intended task. This was a further indicator that expert assistessential at this stage of the game

development. Of course, some minor graphic adjustments might smooth out the fruition. Indeed, the
order of the contents on the board has been modified for the second digital playtest to limit external
intervention, ncrease the focus on each phase of the game, and the visibility of important definitions
that the participants should acquire for a precise understanding of the elements in play. Though some

confirmations by the facilitator were always sought, and thepages rules booklet predominantly
guided the players, who quite ignored the additional contents on the board.

3.2 Challenges: among unexpected outcomes and space for improvement

The premises of this experimentation reveal its ambitious nature. Mergingthts, and design in a

single brief activity to start expanding the borders of current design education necessarily required
simplification. After having identified the key information to be transferred within the didactic
introduction, the risk of trividzing or omitting some fundamental pieces of knowledge was high

because this translation represents quite an unexplored territory.

The problem is exemplified by the fact that ML systems are rarely linear and often necessitate

integrating multiple systents achieve seemingly simple goals. Mdé agentsmay be combined to

get to a solution, yet the players are asked to select only one and describe the system accordingly.

Although this helps limit the time and complexity of the activity by encouraging esvifocus on

one agent at a time, it lacks completeness. In fact, some confusion arose during the second session
system desigmphase. In this case, the participants aimed at building a recommendation system to

orient potential criminals towards positiaetivities instead of perpetrating in noxious environments.
To do so, they identified theequence Prediction (SP) Agérable to predict values or outcomes in a
sequence based on historical information (data in which it is possible to detect patteningtfs or

behaviors over time) as means to reach their goal. As visible in Fig. 9, they wanted to feed the

system with twofold sequential data: sentiment analysis of posts on social media (like Facebook) and

videos and ads of constructive activitieggpable of capturing users in a virtuous circle. Though, to
produce both kinds of information, othdi. agentsare necessary: specifically, a classification system
able to determine whether hate or violence emerge from written posts (to detect whichqtogket

with positive contents), and another one to identify contents that instill positive addiction towards

constructive subjects (to decide which suggestionsStheAgenimight propose). At this point, the
recognized overlapping of sequence predictamd classification tasks induced a short circuit and

required

t he

faci

tator 6s i

ntervent.i

on.

Yet

the ideated systems to be totally correct, or are some mistakes allowed in favor of imthediacy

The example highlights how the gradual expansion of the frontiers of design has to be reasoned
thoughtfully: the completion of the system design sheet leverages consolidated design skills, but the

modalities of knowledge transfer may challenge the m®ce

How?

by redirecting the
attention of
potential
criminals behavior
towards life
opportunities

Input

sentiment

analysis of
social media
platforms (FB)

constructive

activities and

interests
(cats)

Output

purified
feed

Stakeholders

Models and
Methods For
Behavior Change

Figure 9. System design sheet developed in the second playtest

Another central issue is enabling the participants to elaborate on a system concept by integrating the

multidisciplinary perspectives acquired. It affects both the framing of the Mhlgrofor thesetup
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and thesystem desigphase. In theetup, defining thekey outcomethat players need to reach with

their systems means finding a balance between specificity and freedom. In the first cksy, the
outcomeshould be very detailed and imply only one ML solution; in the latter, it would be broader,
leaving space for several possibilities (maybe not straightforward or not involving ML). Another
concern that can be raised is that forcing a-ikfused solution culd suggest a technologliven
approach. For theystem desigphase, the focus is on the guidelines for an actiorstsiem design
sheet: theyheed to be easy to understand and follow, and, ultimately, they should empower players to
depict a system iboth a sufficient but not too detailed way.

KEY OUTCOME

Near-term and observable Prevent deadly attacks orchestrated by
change/behaviour you organized crime in public spaces

wagnt to promots).{ PEACE, JUSTICE AND
Available datasets: Video and STRONG INSTITUTIONS
wiretapping  recordings,  police )
reports, expert profiling models, Reduce violence
propaganda on social networks, everywhere
direct testimonies

improved

situation

Figure 10.Key outcome and impact goal cards on the board. Created by the author

Since the activity entails the total inexperience of the students in designing with ML, it was
challenging to understand whitdvel of guidance they might need with the few tools provided. In the
end, to measure the capabilities of the testerskelyeoutcomesards (Fig. 10) contained only quite
general briefs and suggested datasets (as possible inputs for the system to whgegample

sheets were prepared and included in the game as a backup playsiEme desigeheets, instead,

were supported by the structure WL agentsones. Surprisingly, during both experiences, the
participants had no trouble in quickly delivagia system idea. The suggested datasets in the settings
and the examples after tegstem desigactivity were not even necessary (in fact, the latter were not
included in the second playtest, which caused no problem). Instead, the case studies viam the
agentssheets were important references to comprehend the requirements properly. However, what
needs to be clarified is whether the systemic vision of Ph.D. students may have affected these results
or if it also applies to mastéevel students.

Eventualy, the playtests revealed some challenges also iwdlighingup phase. Although they had

the chance to modify the elements defined inKioé-off (value, ML agent, intejt this was never
considered. On the contrary, deciding to address a concern weasgoto comply with, while
ignoring it caused negative feelings. Especially in the first session, the cards were perceived as
prescriptive and triggered reacti ons Wwdighkirg: ifHoOw
up phase could be reinfoed towards a more conscious and thorough questioning of the idea. Then,
instead of having students acknowledge some possible concerns about ML systeorsseéhe cards

could be reframed to go deeper into project matters, stimulating a more realigtiedtprocess.
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Overall, the main challenges for enabling designers to work across disciplinary boundaries lie in the
interstitial points between them, more precisely in knowledge transfer and operationalization.
Especially in the introductory phases of sctplinary expansion, tradeffs are required: it is
necessary to understand what the most appropriate levels of completeness, depth, guidance, and active
involvement with the contents for designers to deal with are.

3.3 Strengths: Rudiments for a hybrid dieger

The enthusiast exclamation Al |l earned something
end of the game, perfectly synthesizes the most valuable outcome of the didactic experience. Indeed,
testers in both sessions proved and confirthatithey had finely assimilated the pieces of knowledge

that the activity aimed to instill, despite the substantial cognitive load to which they have been
exposed. Moreover, the connection of the three disciplinary perspectives was discerned, and the
parfcipants demonstrated no problems in handling them, proving their openness towards expanding
the frontiers of design.

In fact, despite the aforementioned issues with the dense contevits agjentssheets, all the Ph.D.

students involved in the experimesgppeared at ease with the given materials and tasks, and these
were effective in providing the basic equipment to face the system design. For instance, in this sense,
the custom additions to the values and intents usually encountered in the literativedreeey
positive feedback and have been incorporated int
the key outcomef preventing deadly attacks orchestrated by organized crime in public spaces, both
groups embarked on a proactive approacte fitst one electegromotion of flourishingas driving

value because it was considered more comprehensivepteaantion of harmthey stated it could

help people appropriate their territory and avoid crimes. The secondinkpse as system intent to
encourage potential criminals to pursue constructive interests.

Already during thekick-off phase, several ideas were brainstormed, triggered by an effective
combination of ML agents6é capabilities, @edntents,
smoothly. Also, to define the trickier elements (i.e., input and stakeholders), the players needed no
assistance and identified coherent and original ones.

Additionally, from the very beginning, ethical concerns were explicitly discussed, asdralae

design may already be embedded in the mindset of designers. Indeed, this was the case for both the
Ph.D. students with no prior knowledge of ML and for those who might have been exposed to this
subject. The former imagined a detector of the conditioa$ nlurture crime (given context and
municipality investments), insisting on including different stakeholders for a plural perspective. The
latter proposed a recommendation system to deter criminals from malicious activities and drive them
towards more consr ucti ve ones. I n this <case, the player
insidious and manipulative nature, though they considered this solution more ethically acceptable
compared to capillary and undifferentiated surveillance. Therefore, evenutvighéormal ethics
education, the Ph.D. students manifested a responsible approach to design. Behstagarly
researchers, their sensitivity may be increased; still, these kinds of considerations are at the basis of
humancentered reasoning.
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Not the only
embedded!

PROMOTION OF
current FLOURISHING
situation

o AGENT K. o
: ARE THINGS RELATED? ®
o

CLUSTERING
Recommendation + Embedding
Highlighting features « Generalization

At any time you can char
cards and move the tin
many squares as the numk

INTENT

EMPOWER

Enable people to do something ;
otherwise impossible with just ‘_;

+ Identifying hidden * Sensol
Life, well-being, growth, progress ta aralyss « Anomaly detucton +
and prosperity of ecosystem: Segmentation + Question answering +
should be fostered and nurtured Information extraction

ANALYZING THE WORLD

Not the only
embedded!

ML AGENT INTENT

t ATTENTION TO [ - INSPIRE

CHELEN FAIRNESS

situation People and thelf ecosystams need Instill some feefing and stmulate
to receive just and impartial i people 1o take action by presenting
treatment, respecting a balanced a new, interesting perspective
proportionality between means

and ends s  na P e AGENTS: A.S. - C.- G.

. ~ W Atanytime ywcan changeanyofyourmtx-OFF
Flgure 11 Selected elements for the kickf phase in the ipresence (above) and onlme (below) playtests

Albeit the expected outcome of enabling students to activate fruitful discussion should be verified in
less guided contexts, the cooperative game turned out to be a fertile ground for debate and represented
a successful example for opening the frontierdaesign and enriching its tools. Throughout the entire
activity, in both the physical and digital environments, communication is effectively fostered by the
materials and the assignments players are faced with. The selection of foundational elements, the
outlining of the system, and the final weighing are all collaborative activities and entail making
decisions together by exchanging personal perspectives. As intended, alsgssltn endcards
successfully accomplished this result, encouraging a rettbgpeiscussion on the designed system

and the whole experience.

4 Conclusions and future work

As Manzini stated in(Frascara, 2020)designers can operate in a variety of fields, and they can
contribute to conceive and realize varied artif
multiple talents to the solutions of (Frednanpet e x i s s
al., 2014)

Empathy allows designers to understand the needs of all the people involved in a project, which
implies absorbing their perspective. This is why, if properly equipped, they can comfortably navigate
among disciplines and build upon th&nowledge and methods, as corroborated by the empirical
experiment above depicted. If the translation of technical knowledge (the primary objective of the
activity) can be a delicate practice as it requires finding the correct language to efficacigagjg en

and empower designers to comprehend and make use of the transferred contents, instilling a value
sensitive perspective (secondary goal) appeared a far more natural outcome.

I ndeed, going back to Al ain Finde(l9P4) ke akeadydy on
stated that ethics is an expansion of the curren
deliberation is not very different from any other decisima ki ng process, 0 suggest
not only have the means atitk capabilities to handle ethical questions, but they also inevitably act in

the field of ethics when they design an artifact. In fact, like any human activity, design is not neutral:
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choosing a technological mediation (in the broadest sense of creasimgments for people to

interact with the world) is itself a matter of ethics, not of technology. Further assonances can be
reported in that designersd criteria of choice o
gualitative evaluations foappropriateness, acceptability, correctness or desirability, and the now
common practice of involving different stakeholders in the design process, that the author defines a
Amulticriteria approach, 6 is al r e addcsionafrommanr a l ac
ethical one is, in the words of Find¢€li994) a fAtot al mor al engagement o
in line with the opening of this paragraph, can be reframed as the empathy representing a major
strength of designers. To support oragrin the innate capability of designers to include ethical
principles in their reasoning, Find¢li994)under | i nes that #Athe systemic
reality comes from intuition, o a skil lutthathsa't desi
rooted in their previous education and practice.

After all, just as design pervades every aspect of human life, any field can be embraced and shaped by
design, reinforcing the idea of a transdisciplinary dedigtevis et al., 2015)that transceds

disciplinary boundaries. Expanding the frontiers of design, then, could contribute to the creation of a

new kind of skill: that of mediating among approaches and value systems of a variety of disciplines
(Kirschener & Norman, 2021As selfconscious hcoleurs(Louridas, 1999)designers will not just

merge the materials at hand; they could also identify and bring together different kinds of
professionals to foster collaboration across multiple disciplines.

In the end, extending the breadth of desigirdbrs will not threaten a loss of identity. As
demonstrated by the portrayed didactic experience, what characterizes designers is their attitude, their
approach, and the processes they are used to apply to frame and solve problems. From its origins,
desigq was outlined through the distinctive traits of other disciplines combimeanely, art, science,

and technology. Today, this disciplinary distinction should be blurred and enclosed within a more
general model to define a designer, whose essential slilldd be perception (including visual
intelligence) and (moral) actio(Findeli, 2001) With such foundational equipment, the designer

could easily merge into different disciplinary realms to deal with the most pressing problems and act

as a bonding agent

To support this vision, it would be interesting to expand the proposed introductory activity. It may be

the building block for a more comprehensive educational project or include more vertical topics and
become modular and flexible. Likewise, its finglitould also be broadened, and further relevant

insights could be gained from the submission of the game to students with different but inherent
backgrounds. In the current state, if ethicists may not find cues to operationalize their knowledge, ML
studens could be interesting testers. Could a different perspectivdloagentsenrich them? Can

they get to design a system with the provided materials? How would they react to ethical concerns?
Responding to this sort of questions may convey a deeper umgingtaof computer scientists or
engineersd approach to the same probl em, eventua
designers and make this game a basic tool for interdisciplinary prdizieed team@-riedman et al.,

2019)
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Abstract. The aim of this design project is to explore ways eflesigning instructional videos, together with
representatives from the elderly care sector, that show how to use Personal Protective Equipment (PPE) and how
to follow basic hygiene routineg/e have ged a Design Thinking (DT) and Research through design (RtD).

The results show that the main improvements derived from usinglasign process were input on the details
needed to make the video more realistic and more reflective efiogll scenarios.

Keywords: co-design, research through desiliwe-action videoyisual instruction, liveaction video

1 Introduction

Todayds Sweden may be described as a dArisk soci
about safety and risk preventicommonly takes the form of warnings and instructions. In this paper,

we present an innovative way of designing video instructions, namedgsigning them with their
presumed users. In a professional safety control context, the creation of visualiomsgrsabormally

the affair of specialists that design the instructions in accordance with warning design standards such
as, for example, the ANSI Z535 for safety signs and colors (Woghalter & Mayhorn, 2017). However,
the description of design element peojes that can alert workers to hazards are of questionable use if
the actual hazards are partly unknown and exists in a new type of hazardous condition. A case in point
is the covidl9 pandemic. Therefore, new types of hazards in the workplace reguoeaiive,
designerly approaches with regard to the communication of hazard control and disease prevention
procedures (Ekwall, Adel & NystréiHO6g, 2021). Our particular instructional approach involves
live-action videos, since this particular format allofew a quickturnaround between design
iterations, and functions very well when instructions rely heavily on human speech and human
movement (Eriksson and Eriksson, 2018; Ganier & Vries, 2016).

We have used a Design Thinking (DT) process (Cross, 2010;eBadiaub, 2022) and Research
through design (RtD) (Giaccardi, 2019). DT was helpful in the problem framing process, and for
gaining an understanding of the user and empathising with them; namely, personnel working in
homecare for elderly people. In therétBve ideation phase, we used photography and videos. The aim

of the project was not the eiqpdoduct but to gain a deeper understanding of what is required for the
creation of instructional videos; in this case, instructional-diggon videos. Thereforghe project

could also be defined as research through dgsigeess, an artefacentred design approach, where

two researchers (specialised respectively in design, and occupational safety and health management)
involved stakeholders working with homeean a municipality in the southern region of Sweden.

The stakeholders involved held different occupations such as manager, nurse, homecare workers (with
and without formal training), occupational therapist, and union representative. The project started i
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July 2020 and lasted for one (1) year. It was financed by Afa Insurance, and the municipality
contributed the participating personnel.

1.1 Background

Elderly care services in Sweden have certain problems related to a shortage of educated workforce,
which is also the case in many other countries (WHO, 2016). The pandemic seems to have only made
these problems more acute (Swedish Association of Locab#itids and Regions, 2021). Employees

in the elderly care sector are often parte employees, have Swedish as their second language, and
have attended zero or less than one year of nursing school (Strandell, 2020). To support these
workers, and to prevenhe spread of Covid9, various howo videos have been developed which
show them how to use protective equipment and follow guidelines for basic hygiene in care
environments. However, the videos in question do not adhere to the segmenting and cdesggrity
principles (Mayer and Clark, 2016). They are too lengthy, and, above all, they are incorsigtent,

what is said and what is done in the videos is not synchronised. In addition, they were recorded in a
hospital environment and did not relatep@ople working with homecare. It is important to keep in

mind that this category of employees did not have a tradition of using personal protection equipment
since they mainly assist with daily hygiene routines (where they use gloves), preparing food and
cleaning up. Therefore, our instructional support was developed with this particular kind of personnel
in mind.

1.2 Aim and research question

The aim of this design project is to explore ways oflesigning instructional videos, together with
representavies from the elderly care sector, that show how to use Personal Protective Equipment
(PPE) and how to follow basic hygiene routind® do this, we ask this primary and basic research
guestionHow can a cedesign process improve understanding of the daabes involved in the
design of instructional liveaction videos?

1.3 Research Through Design

By co-designing videos in accordance with a Research Through Design (RtD) framework, the focal
point of this design project is not the end product, per seabottual knowledge creation which,
hopefully, will be beneficial for both home homecare workers, designers of the instructional videos,
as well as the patients and elderly in nursing care facilities. This approach essentially means that we
regard the engbroduct, i.e. the final video instruction, as a good enough, albeit improved, design
solution that is based on realistic expectations, as oppose to (lofty) ideas of design perfection. The
means by which to achieve such a good enough design solution ittfi@Rework, since RtD offer

ways for the stakeholders to engage in deeper dialogic interaction with regards to how to
communicate the proper use of personal protective equipment and basic hygiene routines.

Similar to RtDresearcher Giaccardi (2019), wensider digital communication objects as connected
things capable of illuminating both hidden and obvious knowledge that are the result of dialogical
interaction between stakeholders. In doing so, the communication object (the video instruction)
reflects he role of the RtD artifact in participatory processes efdasign and coeflection. At the

heart of any RtBproject, lies the activity of prototyping. The RtD prototype, indirectly helps forming

a sort of consensus among raesigners and designers.(8anders & Stappers, 2014). This is what

Gi accar di call s a A st a-artifdct (2019 @. 141 Dfteatinese RtD of
researchers use prototypes to support processes of reflection, in terms of what did not work and what
did work in the dsign process. If used like this, the artifact is used primarily in its evaluative
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capacity. In the study presented in this paper, the video instruction is used in this way. But more
importantly, it is also a vehicle for theory building (i.e. generate gdinable knowledge) as well
enabling stakeholders to simulate and O6seebd proc
to identify what might be regarded bgshactice routines.

2 Visual communication

Visuals are perceptually tangible to various degrees and can portray objects and spaces and
demonstrate spatial relations. A visual can be an object by itself, or a representation of an object based
on the similarity of what is represented, or it can bsetaon abstract conventional signs. Visual
communication is part of every culture, even though we may sometimes use it in different ways.
Interestingly, even a very simple symbol can carry a complex meaning, something which needs to be
learned. Visual comomication can be defined as the use of one or several pictures to visually
represent and illustrate a concept for the explicit purpose of communication. We use visual
communication to express ourselves with the aim of sharing thoughts, ideas, emofitosmation.

Regardless of whether the content is complex or not, all communication is an externalisation of our

6i nner voicebd, our thought s; and the purpose is
by someone else. Whether we want to exphaiconcept or call attention to something, or entertain,

it's all about sharing with others. It is not only secidtural aspects that matter in visual studies. We

also need to take cognitive aspects into consideration. Our ability to imagine thingsnade the

way we see and perceive the world, which ties in
from pictures; where images are to be regarded as mental images or metaphors, and pictures as actual
representations. This definition indirgcthighlights the difference between two distinct modes, or

types, of visual instructions. There are visual instructions that are meant to aid users in creating
Oment al i magesao, i . e. by being mentally engagin
abstract, stati c, i nstructional drawi ngs, as wel
as liveaction videos that display people who function in more direct ways since they offer humans a

kind of mirror neuron advantage, being imitafigiksson and Eriksson, 2019). It is necessary that

those who are learning a task or approach understand why something should be done in a specific way
(Endsley, 2016). Visual instructions need to be motivational. In addition, in a useful visual iastructi

the user should be able to easily identify what the displayed image or video really shows or represents
(Eriksson and Eriksson, 2019)he videos we have designed are the-#igdon video format type,

i.e., recorded videos. The videos feature caré&eroworking at an elderly person’s homes.

2.1 Liveaction video

In contrast to computer generated animations-dieton videos are recorded with video cameras,

showing events and procedures as they occur over time itifeesituations. The rapid agtion and

development of new communication technologies such as powerfulvigeble smartphones have
revolutionized the face of instructional communication, in essence making it a lot easier and
affordable to create and -woeate various types of vidéostructions using human instructors, as well

as offer simple ways to very quickly distributed content to the right type of audience/user. Hence, in
recent years, studies investigating the usability and design implications -afctie@ howto videos

hawe i ncreased. For exampl e, Eri ksson and Eri ksst
abilities to imitate construction procedures (2018); Cheung et al. test the effects of video instructions

on procedural skills transfer in clinical practice (202Bjard, Cojean and Jamet, (2018) investigate

the role of pacing and segmenting in procedural video instructions demonstrating how to make hand
orthoses; Ganier and Vries (2016) investigate tI
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or live-acion instructional design in suture workshops; and Yi et al. (2019) study what role the live

action videeme di at ed presence of an instructor pl ays
instructions. The underlying reasons behind this research developmeiat @iaswith ease of use

editing and recording technologies (such as iPhones and various kinds of web cameras) which have
now become commonplace, and online distribution venues (such as YouTube) that allow for a quick
turnaround of recorded videos. Howevat,the heart of research efforts, such as these, there is the

issue, and research problem, of the role design plays and how designerly ways of producing
instructional content relate to learning outcomes.

2.2 The cognitive load aspect

Defining and measung learning outcomes associated with online video instructions are specialised

interests in the field of cognition and learning, as most notably exemplified by Mayer (cf. 2019) and

Sweller et al. (cf. 2019). Ac c odaleaming COMLMesy er 0 s

wel | as Swellerés Cognitive Load Theory (CLT),

interplay between the capacities of the limited working memory and the unlimitedelongnemory.

Over the years, this insight has iirattly warranted the employment of design guidelines (also known

as O0Odesign principlesd) for visual instructions

working memory. Such guidelines are also applicable to thealitien video format (Erigson and

Eriksson, 2018). In spite of the growing number ofcatted DIY-videos (deit-yourself videos),

explainervideos and howo videos on the internet and in social media, in the field of information

design, research on linaction visual instruction has been rare. Still, information design scholars

Spinillo & Perozza (2015) recommend that animated procedural instructions, which may or not be

liveacton should be based on Mayer and Morenods desi

to suppor communication effectiveness:

1. Video content should include both pictorial elements and narration (text or voice)

2. On-screen text that refers to pictorial content should be presented near the pictorial content

3. The video content and the narration musptesented simultaneously

4. Only relevant and coherent elements of an animation should be included in the video to avoid

extraneous elements (including sounds)

Video content should be associated with audio narration rather than wstiremn narration

If audio narration is employed with pictorial content, do not addaeen text

7. Verbal content (orscreen text or voice narration) should be presented in a conversational and
informal manner

Video is a timebased, or transient, medium. The transient effearsefo the negative effects

associated with the constant flow of new information in videos that cause cognitive load.

Unsurprisingly, according to some online education scholars, presentations that are too lengthy are the

main problem with instructional @eos in general and may possibly explain why the implementation

o o

of Mayerés multimedia design gui delve attmshaien | ect
failed to generate positive |l earning outmomes (
guidelines will aid in making instructional videos more useful for users, in the sense that they will

make the videos in question shorter. I n other w

include the sacalled segmentation guideline, whichsigecially geared towards combatting cognitive

load via the means of breaking down multimedia lessons and, hence, decreasing the negative effects
of the transient effect (Biard, Cojean & Jamet, 2018). However, with respect to Haetiime video

format, segmentation can, nowadays, be easily achieved via user interaction whereby the user uses
control buttons integrated with the viewing interface, thereby essentially achievisgpsetf lessons

(Biard, Cojean & Jamet, 2018). This also allows for somd teueserinteractivity.
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In summary, then, the design guidelines proposed by Mayer and Moreno (2002) seem to overlook the
interactivityf act or that has been proven t oJauch@aetalt, e ¢ o my
2020). The issue of interactlyj and the lack thereof, not only concerns the ability to control the pace

of the instructional video content but is also connected to the type of modality (written explanatory

text versus spoken narration). Empirically based studies have shown thah spakation is
dependent on the type -dahuchiarttale 20203.if ihespading of theavideon g ( ¢
is largely systenpaced, an auditory narration leads to a better learning outcome than written text; but

if the learner completelycantol s t he pacing by t henrdanadhthetalwr i tt e
2020).

2. 3 The liveaction advantage

Curiously, the transient effect, which is normally considered to be something extremely negative in
instructional situations, may be advantage in theliveact i on vi deo context bec
simply put, is the normal state of affairs in the natural world. If one acknowledges that mediated
communication may be understood as a kind of exchange in a natural environment, and that this
environment is the basic and essential ingredient in the formation of messages, then we might have to
accept t hat 6natur al communicationd also invol\
communicated and/or taught (Geary, 2008; Paas & Sweller, 2Bil@jher words, gestures, facial
expressions, and aspects of human speech do not require overt teaching methods since some
communication exchanges take pl ace, and become
thereby bypassing the working memory a#itier. According to Paas and Sweller (2012), there is
actually no evidence that basic probisoiving skills, planning skills and decisionaking (i.e.,

meansend analyses) can be taught at all, since these skills are part of our predetermined repertoire o
biologically primary knowledge which we are greogrammed to know and be able to automatically

relate to. Thus, biological primary knowledge cannot be taught, and therefore requires no explicit
tuition (Geary, 2008). This approach to natural informagiozcessing systems provides the rationale

behind labelling liveact i on vi deos as the perfect medi al %
architecture. Essentially, the rationale is that biologically primary knowledge is integral-axtiva

videos, asthey often feature people who make actual human movements, are involved in basic
problem solving, use human speech (often in our mother tongue) and exhibit naturally occurring cues
and signals (cf. Eriksson and Eriksson, 2018). Therefore, the explicitinngapart in some Live
actionvideo instructions can be omitted. Immersion can be a good enough approach (Paas & Sweller,
2012).

This presents the key advantage for designers using thadii@ format. If some aspects of the

overall instructional goatan be left without overtly attending to them, more effort can be placed in
instructing about what is normally the primary goal of any instruction: to drive the acquisition of
biologically secondary knowledge. Biologically secondary knowledge is cultugadty socially
acqguired knowledge that i's not preprogramed in
Ayres & Kalyuga, 2011). In other words, biologically primary knowledge may leverage instructional
attempts to promote acquiring biologically sedary skills (Paas & Sweller, 2012). The reason for

this is that when we convey information belonging to the biologically primary knowledge realm, very

few cognitive recourses are required (cf. Eriksson and Eriksson, 2018). This frees up cognitive space
for other, more demanding, mental activities which are the real important ones and the focal point of

the instruction in quest Standard operational procedures to prevent the spread -df9Covid

Covid-19 is classified as an epidemic disease in Risk Class ghwheans that employers are
responsible for ensuring staff members have access to personal protective equipment, and that the
equipment meets safety standards (WHO, 2021; Swedish Work Environment Authority, 2020). Safety
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standards and regulations for lwasiygiene routines are often translated into written standard
operational procedures (SOP) in terms of instructions, norms, and rules to manage and prevent the
spread of disease. Those SOPs can be described as a dimension of work as imagined (WAI), while
work as done (WAD) is how it is performed in practice. WAI, in terms of SOPs, cannot fully reflect
actual events and the performance of work but is needed to create a framework for WAD. Yet, a
continuous reconciliation is required through reflection andhieg to adjust and harmonise between

WAI and WAD (Calvharoet al.,2018). In this sense, the design process worked as a continuous
reconciliation.

3 Method

This study is a RtD study. The overall RtD process can be divided into four fundamental apkiases,

to Herriott (2019). The background research Phase 1 includes a general risk analysis of how, when,
and why protective clothing should be used or not. The method used in Phase 1 wastauskmed
interview where one interview was with a mixed grdopthe collaborative municipality, and the

other was with a group of four homecare workers in another municipality. Participants in the
municipality we collaborated with were union representatives for different professions working in
elderly care (i.e., ssistant nurses, registered nurses, physiotherapists and administrative staff), as well
as healthcare managers and medical responsible nurses (MRN). In relation to the written Hygiene
routines and the result from the interviews regarding in what ordétREeis put on and taking of we

made a story board. In Phase 2, the visual prototypes were designed and produced based on the results
of Phase 1. A slideshow was created with photos and accompanying text in plain language, explaining
what PPE to put on oake off, and how to do it. The slideshow was analysed together with the mixed
group with focus placed on the order of instructions on how to dress and undress. The result from the
analyses of the slideshow created a base for Phase 2. The design of-#utidivevideo prototypes

started. The liveaction video was recorded using an iPhone on a tripod in the hall entrance of one of
the researchersé homes. This researcher also pe
video. An objective camerangle was used, and the tone of the verbal instruction was instructive with
plain language. It was an iterative process that generated seven (7) versions ofabtoliveideo.

The analyses of the videos were completed using visual methodology (Ro&&,a2@lcontent
analyses (Krippendorf, 2004) with focus on the hygiene routines. In this second step of the design
process, when we started to videotape prototypes, we mainly met with two nurses who are responsible
for hygiene routines. This was partly dwerestrictions related to physical meetings, and also because

of the second wave of the pandemic which made the homecare workers very busy. The nurses were
involved in the cedesign of the prototypes by taking part in the analysis of all seven steps (the
versions of the prototypes).

In Phase 3, video production and process analysis, the final video was produced based on dialogues
related to the video prototypes. Digital workshops were held with homecare staff to capture how the
visual instructions are peeived and understood. Ten focus group interviews were conducted online
over two days, with a total of fortyevo (42) homecare workers from two units in the municipality. On

the first day, technical administration/support was undertaken by a staff menober the
administration department. On the second day, the manager of the group took care of administering
the meeting and participated in all the interviews. The two final versions of the videos about how to
put on and take off PPE were shown. The padictis watched the videos for the first time. The
videos were shown on a computer screen in the room where the participants met, while two members
of the research team participated online from two different places.

The discussions were recorded withthepai ci pant sé per mi ssi on, and t h
during the process. We asked the following questions:
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Before Covidl9, when was protective equipment used?

How did you learn how to put on and take off the protective equipment?

Then, we showethem the videos with the instructions. First, the one that showgdpwton PPE,
and then the one showing how to take off PPE.

We asked for spontaneous thoughts:

What do you recognise and what is different compared to how you usually do this?

What arethe advantages or disadvantages of visual instructions like this one that we have made?
We also asked about the value of the video in relation to work to be done.

In Phase 4, the comments and reflections were sorted after those questions, and a mai@fest ¢
analysis was conducted (Graneheim & Lundman, 2004; Krippendorf, 2004).

4 Results of the research through design process

Here, we describe the first three (3) phases of the research through design process, and end up in a
discussion in Phase where new information and theory is modified.

4.1 Phase 1risk analysis

The whole process and Phase 1 started with an initial meeting with the strategic and operative
management group for the care giver staff in the local municipality. Ten people (10) attended,
including union representatives for different professions (iggjstered nurses, assistant nurses,
physiotherapists, and administrative staff) and MRN for care homes and homecare. This first meeting

we held was our only physical meeting. We met the group in their regular monthly, one hour meeting,
between August anddgzember 2020. We started by presenting the project and our aim of designing

visual instructions for home homecare workers related to how to use PPE. Initially, we talked about
whether it was only elderly care or whether care for disabled (personal assetansupported

housing) would be included. We started discussing specific work situations where protective
equipment is used. Here, the representative from the union was careful to distinguish between
O6personal protective emenpmenPdbobadt i Ope otguoit pmer
apron, is used to prevent the contamination of the ordinary workwear and the spread of infection
between patients or the elderly person receiving care. PPE is used for the safety of the employee, and

can inclde medical masks, goggles or face shields, and can differ depending on the situation.

They pointed out that the accessibility of PPE it can differ locally, for example, if there is space in a
nursing home to have the PPE standing in the corridor or ibsilee user 6s door . For
user may be required to change into their PPE in the stairwell. The MRN made it very clear that all

the instructions and local risk assessments were in place and the staff had received clear written
instructions (we intgreted the sumeaning that, if they do not do it right, it is because of thewot

because they did not receive good enough instructions).

During our dialogue about how it works in practice, it became clear that the dressing situation varies
depending orhow the care recipient livdsin an apartment or in a hodseand how the home is

designed, especially the entrance. The most critical moment, we learned, is during undressing and
determining when and where the discarded PPE are to be thrown away. Wetatsthabit was

uncl ear when, where and how employees clean the
The meeting led to a mutual decision to focus on how to put on and remove PPE. In our dialogue with

the meeting participantshe group help defined what part of the instructions for PPE could benefit

from visual instruction.

After the meeting with the management group, w e
written hygiene routines. We conducted a semi structuriesview online with four home homecare
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workers in another municipality to gain a broader understanding of how the basic hygiene routines are
used in practice by different organisations and parts of the country. We asked them to describe, step
by step, inwhat order they put on and take off the PPE. Two out of the four interviewees worked in a

nursing home, while two of them worked in home:«

homes.

4.2 Phase 2- visual prototypes

Based on the information gathdrim Phase 1, we designed a prototype of the visualisation in the form

of a slide show with still photography, including a short text on every slide explaining what to do
which means the slideshow had a high degree of redundancy. The photos were talstudenta

with another student acting as a homecare worker, and they were instructed by the research team. The
slideshow consisted of 25 slides. Many of them contained several pictures demonstrating every single
step, aiming to visualise, step by step, howe.g.,put on PPE in line with how we have understood

the basic hygiene care instructions. The first challenge we faced in the early stage of the design
process was how to put on different elements of PPE (Figure 1). We only received informatisn in thi
order:

1. Start by sanitizing your hands.

2. Put on shoe covers without touching your shoes.

3. Put on the gloves.

4. Then put on the apron, mouth guard and face shield.

Figure 1. Example from the slideshow

When starting the design process by jofbwing these steps, we faced a lot of practical challenges
and not only when it came to how to put on the different elements. There were no instructions
regarding where to put the jacket and bag when entering the door of the pretend care recipient's hom
These details were under discussion during the whole process, from the making of the slideshow to
the final video. However, the staff commented on the fact that she was not wearing working clothes.
The basic hygiene routines are not adapted to thetprdghere and are not concretized either. They

are written on an abstract level and learned during nursing education. Then it is up to averieto

to interpret the basic hygiene routines and apply them to the best of their ability. Before the pandemic,
this was not a big issue. But because of the pandemic, it became a big problem, especially in the
beginning of the virusé spread. The existing i
did not offer any guidance.

The second part of the déshow contains instructions about how to take off the PPE in a correct way,
without causing contamination, and where to put the used PPE. The instructions on the slides
accompanying the pictures advised that the PPE be taken off in the hallway befing feawcare
recipient's home and thrown in the trash can in the hallway, within a garbage bag. The homecare
worker should start by removing the shoe covers and throwing them in the trash. Then remove the
gloves (we asked how) by pulling them inside outysa do not touch the outside of the gloves.
Throw them in the trash and sanities your hands. Remove, the face shield without touching the outside
of it (what do you do with it then?) Place it on the floor while you take off your apron (our solution).
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Remore the mouthguard by holding only the loops and then sanities your hands again. Remove the
apron. Start by unloose the apron at the back (our solution). Fold the apron inwards with the outside
of the apron (our solution). Pull it up over your head. Rolthgpapron with the outside inwards (our
solution). Throw the apron in the trash. Finally, put the face shield in the backpack, or carry it in your
hand (our solution). Sanities your hands. The last thing to do is throw the garbage bag outside in the
dustbn.

The design team and the management team met for a dialogue regarding the content of the slideshow.
The discussion was mainly about the advice that home homecare workers should start by sanitizing alll
the way up to their elbows, before putting on theescovers. Most comments were related to the
undressing part. Such d3o not lay the face shield on the flodfear gloves while removing the face

shield The gloves should be taken off after the face shidglcow away gloves in bucket/bag at the

door. Sanities the face shielgvith spray bottle or plastic wrap for face shield cleani@ghnities the

hands.

Lay the face shield down in a backpdak homecare workers wear a backpack with the PPE in it).

Even though we asked them to focus on how togoutind take off the PPE, several of the staff
commented on the clothing since they were not work clothes but hér agvwvell as the fact that she

was wearing jewelleryWe were told that home homecare workers in general leave the garbage in the
care recigent's hallway, and never brings it with them. The garbage has been an issue throughout the
whole project, and we will discuss it later in the paper.

Based on the comments on the slideshow, we started to make video prototypes using an iPhone. Since
thevdeo instructions were intended for home homec
an entrance hall to an apartment to frame the situation authentically. The camera was stationary, and
the actor (a member of the design team) entered the entrdhaadaut the bag on the floor before
beginning the process by using hand sanitiser and putting on the PPE. The actor talked to the camera
during the whole process. Every single step was commented upon, using a straightforward language,
with clear instrutons and no motivations given for how to act, only for what to do; for example,
6Sanitise your hands, wrists, and underar msob.

In the first prototype, our team member acting as staff started with a mistake: she put on the shoe
covers before sanitising hbands. That was probably an effect of the slide show, for which she was
involved in the design of the pictures. The rest of the prototype video took into consideration the
comments that we'd gathered in the meeting with the management group. In theeraid¢o’s the
representative from the design team that act as a care worker wore private clothing, but in a neutral
colour in order to avoid creating distracting information related to the clothing related to the clothing,
and no jewellery. However, ttetaff commented on the fact that she was not wearing working clothes
(Figure 2).

Figure 2. Fromthe prototypevideo showinghow-to puton mouthguardandfaceshield
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After finishing the first prototypes, one showing how to put on the PPE and one showing how to take

it off, we showed them to the nurses. In a dialogue with the nurses, we gained new comments and
suggestions on how to improve the video instructions. Theng wnainly about details but, from the
perspective of basic hygiene care, they were important. For example, the backpack should not be put
on the floor, they said, but needs to be placed on a stool, chair, or table to avoid contamination. They
also commerd that the actor put the face shield on the table in the hallway before sanitising it. They
suggested that the face shield, instead, be carried in a separate plastic bag which should be hung on
the door handle when entering the care recipient's home. l&atea prototype, we received the
comment that the handle needs to be sanitised before hanging the plastic bag on it.

The undressing part was also a challenge since it has to do with details such as the quality of the apron
plastic which affects the ahbii to tear away the apron, how to sanitise the face shield and where to
put it when leaving the care recipient. The instructions from the nurses were that the apron should be
wrapped up and, at the same time, the gloves should be taken off inside dtevapron inside the

glove, together with the other glove. We were told that the face shield could be sanitised with spray
and left to dry in a clean plastic bag.

With every version of the prototype, new details that were not noticed in the previousmao=o
commented on. All the meetings took place online. However, all seven of the prototypes were made in
the same entrance hall with the same actor and video recorder. The design team interpreted this as the
development of the instructiofighe closer thevideo got to an acceptable result; the more details
became visible.

From our dialogues, it seemed to us that the nurses had limited experience from homecare in practice.
They did not support the design team regarding how to handle the basic hygienesripuiractice.

Instead, they referred to the text document. One of them gave comments on the last prototype
regarding hand sanitation, arguing that three pumps from the bottle is necessary and at least 6 ml
should be used. We later used the advice oktipremps but ignored the instructions of how many
millilitres should preferably be used, since it is not possible to use that information in practice.

Once we had agreed upon the last version of the prototypes for putting on and taking off the PPE,
with same small modifications, the final manuscript for the Jaaion video was produced.

4.2.1 Result from the Phase 2: Video prototypdsing videos in the cdesign process generated

good insights among the involved partners, the designers, and the. rithriseis because livaction

videos are associated with visual realism, partly due to the fixed camera position (the iPhone) while
recording. For viewers, the video content is directly recognisable, in terms of what is performed and
how. The actor in thgideos explains what to do using a plain and straightforward language, without
giving any explanations of why (i.e., without verbal contextual information). This was a conscious
decision since we wanted to keep the videos short; and during the protobdgpssp there were no
comments on the verbal presentations from the nurses, only on the visual parts. The tangible nature of
the vide® it is imitabled made it possible for the nurses to reflect on how to put the hygiene routines
into practice. This gave theurses the opportunity to reflect on the relationship between general roles
for routines and the very concrete situation th
home. The gap between the written bullet points and the visualised situatiomeb@ighly apparent.

As we learned, the video format offers an advantage in one way, and a disadvantage in another. The
advantage was the ability to discuss practical issues regarding how to put on parts of the equipment
and in what order to put on the bad the jacket. The disadvantage was the discussion about details
such as what clothing the actor was wearing in the prototype. Details that were not relevant to the
focus of the prototypes, since the aim was to understand how to put on and how to taR&E aihd

in what order to do so. Every single one of the seven (7) video prototypes were rectified from the
meeting discussion with the nurses. To conclude, the prototype phase provided insights into the
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complexity of the design process of kaetion viceos; but also highlighted the necessity of involving
the users of instructions in order to gain a full understanding of how such instructions can be
perceived.

4.3 Phase 3 Video production and process analysis

In the last design step, we involved a professional filmmaker and a professional actress, which
requires a specific order skill. Since the professionals were not involved in the design process, they
were not familiar with the project, aside from the btiedy received. The video was made in the
same entrance hall as in the prototypes, with a static camera. The manuscript was based on what was
agreed upon during the last meeting with the management group and the representative from the staff
group. The rearding took place for one day, and several versions were made. In one version, for how
to put on and take off PPE, the actor talks simultaneously to the camera, in the same way as in the
prototypes, explaining what she was doing. In an additional versienacted without narrating her

steps and, afterwards, the talking was taped in a closeup camera angle. Besides filming the full PPE
routine, several versions were filmed showing how to use parts of the PPE. One with gloves, apron,
and face shield; anoth&rth gloves, apron, and face mask; and a third with only gloves and apron.
The aim was to create visual instructions that could be used even after the pandemic, and in more
ordinary situations where basic hygiene routines are necessary.

The design of thé&inal versions was completed together with the professional film maker who edited
the films in relation to how much time one can expect a homecare worker to spend watching the
video. This led to a mixture of full picture views and close ups. The lengtheofideo on howo

puton PPE is 3.32 minutes, and the video for how to take it off is 1.42 minutes, and the actors
describe what to do and demonstrate it simultaneously. There are no explanations in the video, only
instructions. The instructions are ssgnted by the actor’s gestures, and is easy to follow even for
staff that are not fluent in  Swedish htips:/play.mdh.se/media/t/0_vm6olg6n
https//play.mdh.se/media/t/0_2d3gbheun the final version of the livaction video, we had access

to working clothing which the actor wore, but they were borrowed from a different region of Sweden
than the one we were collaborating with. Some of the didfhot recognise the clothes as working
clothes and commented on that (Figure 3).

The final videos were shown to the management group. This was followed by a discussion about the
content and details in the videos. The meetings took place online, doe pardemic and related
restrictions.

S

Figure 3. Fromthefinal live-actionvideo showinghow-to puton mouthguardandfaceshield.
PhotographyMagnusGéthlund

4.3.1 Input from the target groufo gain information and input directly from the target group for the
visual instruction, digital workshops where conducted. We learned from the staff that, prior te Covid
19, PPE was seldomly used, only in cases of calicivirus, where they used gloves, aptbmouth
guards. In cases of calicivirus, they always put on the PPE before entering the home of the care
recipient. Other situations in which they used protective equipment such as gloves and aprons were
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closecontact care situations, such as helpiitly shower or bathroom visits. In these situations, they

put the equipment on in the care recipient's bedroom or bathroom. They said that, prior t&@9Covid
they had never used a visor before.

We asked the staff how and where they had learned aborgghiations for how to put on and take

off the PPE. The one who had a formal education said that they had learned basic hygiene care in
school. The others said they had learned from short instructions when they started working in elderly
care. We found thahere was great variety in the ways they handle basic hygiene care in practice.
Much is dependent on the actual situation, and some of the staff mentioned that elderly people stand
waiting for them just inside the front door in the entranceway, anddiffisult to put on the PPE

before they get too close. Others mentioned that the living conditions and how the home is designed
influences where you can put the jacket and/or backpack. Sometimes, the floor is the only place. One
of the comments was abdine entrance hall in the video. They commented that it was too organised,
with an empty chest of drawers and only a bottle of hand alcohol for sanitation, and a chair where the
backpack could be placed. It is more common, they said, that the entranisevbgall narrow and full

of things which makes it impossible to place the backpack any other place besides the floor. Even the
jacket needs to be placed on the floor in some homes. Most of the groups also mentioned that it is not

possible to leave hand stni ser or gl oves in the care recipien:
and relatives (See table. 1)
Table 1.Highlight video comments

Day1 Highlightedcomments | Day 2 Highlightedcomments

Groupl: 7 persons |- Weusedoublegloves,| Group 1: 5 persons+ | - Thebagdoesnotlook

i tndteecessaryo manager like our backpacks.
sanitisethatoften. - Sheforgotthe

- Sanitisehandsandput garbage.
onmouthguardoutside

theapartment/house.

- Thevisor mustbe

sanitisedanddried.

Group2: 7 persons | - Sheis notwearing Group 2: 4 persons+ | -You alwaysputthe

samekind of apronas | manager backpack/bagnthe
theonewe use. floor.

- Weusedoublegloves, -We don'tsanitisethe
i tndteecessaryo handle.

sanitisethatoften.

- Sanitisehandsandput
onmouthguardoutside
theapartment/house.

- Thevisor mustbe
sanitisedanddried.
-Thevideoshowsthe
sameorderaswe
follow to putonand
takeoff PPE.

-It is notalways
possibleto takeoff the
apronassuggested.
-Wedry thevisor after
sanitisingit.
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Group3: 3 persons

- Sheis notwearingthe
samekind of apronas
theonewe use.

- We havenever
sanitisedhehandle.

- Thevisor mustbe
sanitisedanddried.

-0 d o rsénttisemy
handghatf r e g u e
- Weusedoublegloves.

Group 3: 4 personst
manager

-Wetakethegarbage
with uswhenwe leave.
-Wed o méton
gloveswhensanitising
thefaceshield.

-We sanitiseour hands
betweerevery6 t a s
-Wedry thefaceshield
after sanitisingandput
it in thebackpack.

Group4: 3 persons

- We havenever
sanitisedhehandle.
- Thevideois fine. It
coversthemost
importantparts.

Group4- 5: 4 persong
+ manager

-We havenever
sanitisedhehandle.
-We washour hands
betweereverytask.
-We puton shoecovers

beforegloves.

We un-dressn the
following order:
Apron, gloves,shoe
coversmouthguard
andfaceshield.

Groupb: 4 persons | We usedoublegloves,

i tndtsecessariyo
sanitisethatoften.

- Sanitisehandsandput
on mouthguardoutside
theapartment/house.

- Visor mustbe

sanitisedanddried.

After we had already conducted the prototyping sessions, and before we met with the ten staff groups,
we realised that new directives and instructions for handling PPE before and after use had been rolled
out by the municipality. Now, they have bags thantaein aprons, gloves, and mouth guards, and
before they leave the care recipient. they put it all back in the bag as garbage. We did not know this
when we met the staff and, therefore, it is not included in their comments above. Most of the
spontaneous eoments concerned the gloves and details on sanitising hands and face shields (see
Table 1). Yet, the groups commented and described how they managed details differently, even
though they would follow the same instructions. That underscored our reflectiony dhe earlier

Phase 2, that the MRNs seemed to lack experience on how the work and basic hygiene routines are
performed, and that implied the WAI in the written instructions is as easy to follow in the WAD. The
interview participants from the first ddyad extensive working experience and had developed their
own routines for how to handle PPE. When we mentioned the use of double gloves to the second day
staff group, they immediately referred to rules that state the use of double gloves is not allmved. T
presence of the manager of the group that we interviewed on the second day was unmistakable. She
was very ambitious and commented on what was written in the basic hygiene routines and what she
had taught the staff. However, the groups still commentedetails that did not match the way they
performed their job when visiting care recipients.

4.3.2 Challenges and benefits of the visual instructidhe. actual possibilities of following SOPs to
use PPE and prevent the spread of Cd@dseemed to befinl uenced by homecare
knowl edge and experiences, the spatial desi
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local routines and the praxis developed within the team. The results indicate that-Haitivevideo

format has bdt challenges and benefits when it comes to the visual instructions that are connected to
these themes as well. The main advantage with instructionahdiien videos is, simply put,
6transiencebd, which refl ect s Thelstaff could therefdre easilyt uat i
recognise the situation and follow the instructions, the length of the videos was significant, and all
participants found it appropriate regarding the required information. As expected, taetiore

videos left a lot otognitive capacities and working memory powers to decode and process the overall
meaning and message of the instructions for the users. In other words, this format functions very well

as a point of departure for deppobing and constructive discussiohattconcern the real issue here:

what elderly homecare workers actually do in the given situation, and what they can do to improve

their disease prevention work methods.

All ten of the groups found the videos to be very useful, and easy to follow, egmrehrlier

knowledge and experience. The overall reactions from the ten groups were that they found the videos

to be instructive, with a good balance between information and performance. They thought that the
length of the videos was adequate and that ghg o k e n i nstructions fit w
performance. One comment from Group 2, from the first day, was that they wished that they had seen

the video when the pandemic started. Another comment from Group 3, from the same day, was that
6al |l nsehwo usitdafsfee it6. On the second day, we rece
the video works well for people with limited skills in Swedish.

We asked if they would have preferred an animated video, but all groups preferred-thetiliie

video, since it makes the instructions more realistic and easier to follow. Theadii@ video was

experienced as Onatur al communicationd (Geary,
interviewed staff found t he deanl Thevraayn disadvantagenot e t o
theliveacti on video for mat i's another side of i ts
displays a wide range of specific, and distracting, visual details, such as the displayed entrance

hallway inthevideosThat i nvite comparisons to other known
6entrance hall way should |l ook 1ike. I n this cont

Visuals have other conditions for statements than verbal languaggidgacan be imperative, while
visuals are always compulsory since they are tangible and show what something looks like. Therefore,
the challenge of designing visual instructions is to create generalisable instructions that work for
various users in diffent situations and are still instructive for a specific purpose. The discussion
regarding the aprons indicates how easy it is to build in visual noise in an instruction.

Visual communication of this kind becomes perceptually concrete since all the coratimibat is
performed is visible in the form of gestures, facial expressions, and actions of various kinds. In the
videos, the staff could follow what to do by observing in which order the different parts of the PPE
was

put on and how. It also becameat, when the actor deviated from their local routines and praxis of
how the staff usually performs the tasks, that these deviations would become a basis of discussion. A
discussion that elucidates that the staff could not follow the basic hygiene rotities letter
because of certain contexts and situations.

The ambition with this project was to conduct a continuous dialogue with employees working in
elderly care. But, because of the second wave of Ct®ith the actual region, it was not possible.
Instead, the dialogue was conducted with nurses responsible for basic hygiene routines. From the
dialogues in the meetings with the ten groups, we learned that the project would have included to
many ad hoc solutions and suffered from too many deviatioms the basic hygiene routines. That
sparks a discussion about when and how to use participatory design as an approach, and when to use
an interactive design approach as we have done in this project.
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4.4 Phase 4 New information and modified theory

TheRtD process is about learning and gaining knowledge, both with respect to the process itself, and
the learning exchange between the participants in tesign process (Castro & Lima, 2017). Thus,

in this RtD context it is more relevant to talk about ¢heation of new knowledge, than to only point

out that stakeholders, over the course of the project, gain new information about the problem area
(i.e., new data on disease prevention in Swedish elderly care services). From the perspective of the
researcheand prototype designer, one important type of knowledge is relatable to insights on how
photographs and moving image sequences function as visual, instructional, profetgpesnd
foremost, their édnatural i s md,sthatstand buein anfagssumech | o o k
natural context. For example, in the first RtD phase, when looking at the slideshow made up of
photographs presented in a sequential manner, the stakeholders noticed details that we as designers
had not noticed, such as jetesy and odd (private) clothing choices. Abstract images, such as line
drawings in the form of, for example, action diagrams, on the other hand, would not have been
associated with such comments since tlodgpfaare hi
natural context in which things may be noticed as anomalies. In hindsight, perhaps it would have been
relevant to use instructional line drawings early on in the RtD process in order to get the routines right
(how to put on the PPE and how to tétkeff) instead of getting into more complex discussions about

both the process and details, such as what to wear and what not to wear at a certain instance, in a
certain situation. On the other hand, if more abstract instructional imagery had beers ubed a

primary RtD medial object at this point, perhaps we would not have gained important
knowledgeregarding how, for example, used hygiene articles should be disposed of at an elderly
personés home (in a waste bucldag,thatdd immsediatetyo t he
discarded elsewhere after use).

All in all, the design of the livection video prototypes, including the still photograph sequences,
taught us that they are useful when it comes to concretising what should be done and hoy, step

step. However, the prototyping also taught us that it is extremely difficult to provide the final, exact,

and correct video instruction on how to follow specific hygiene routines in a homecare setting since,

simply put, as noticed by several nurseg the i s no o6real é and fixed nu
vary.

Since the home homecare workerso6 working condit.i
recipientds home and influence their atbnsbity to

much as instructions, but more like education. They create the opportunity to reflect on what it looks

like in different homes, in various situations, and how one may adapt basic hygiene routines and the

use of PPE to the surrounding conditionsriBg the research project, the researchers noticed that risk
assessments, national and local guidelines and instructions regarding what, when and how to use
different types of PPE have changed several times since the first wave ofl@awidspring 2020.

This also affected the development of visual instructions and the risk that they would quickly become
obsolete. This type of video instructions, however, obviously revealed details that are difficult to

obtain in written instructions.

Consequently, we &ned from the workshops with the homecare workers for homecare that the final
versions of the liveaction videos work as a starting point for a very constructive discussion about

what to do, and what not to do. However, they do not show what homecarersvddfine as 'a real
situation' . Il n other words, the videos show mer €
t hat homecare workers often meet in peoplesd en
specialist (a nurse), the vioke failed to correctly communicate how much rubbing alcohol is to be

used when disinfecting hands and arms. We therefore conclude that visual instructions that are based

on specific regulations appear to be unsuitable for thealdtion format. It is a kid of paradox. The
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specificity of the liveaction format, on one hand, is useful since it invites critical perspectives and
discussions on anomalies. On the other hand, it does not easily offer information that is concrete
enough to be useful, and whichncée generally applied to diverse situations and contexts. In
summary, then, the livaction video format functions very well as an eakese medial object and
catalyst for a valuable and constructive discussion about procedures and routines. Hoediver, th
action video format is, probably, less valuable as an actual instructional tool when a user is
performing a routine. This is to infer that, while the lagion format normallyelieves pressure on

the working memory (Eriksson and Eriksson 2018js also not mentally engaging enough to foster
focus, selection and the-cer gani sati on of information that f orn
critical to being able to perform a certain task (cf. Arnheim, 2004; Tversky, Morrisson & Betrancourt,
2002). This insight partly modifies the theory about the-&eéion video as an instructional tool since

it highlights the value of the livact i on f or mat 6 s i -prdductiom phaseeff f ect s
instructional content; namely, its capaditygenerée more knowledge out & certain instructional
situationthanthe designeputs in(cf. Schén 1983)By visualising instructions and reflecting on what
employees do in practice, the gap between written instructions on WHAT to do (WAI) and HOW it is
perfamed in reality (WAD) became obvious. Especially in the discussion with the responsible nurses
who seemed to have experience from practical homecare. Carvhalo et al. (2018) used simulation
exercises and observations made by researchers to explore thetgaprbWAI and WAD, they
emphasised that the participatory method in the analysis seemed to contribute to reflection and
learning. Our results show that lkaetion videos can be a useful tool for adjusting and harmonising
between WAI and WAD and can besesx to use for educational purposes when introducing work
routines to newly recruited staff. It may also be a time andefesttive complement to training
exercises. This is also to point out that the employment ofalitien video instructions an
enablingmedia technologthat maysupport development worky which the objective and goal of
theinstructionalproject are identified.

5 Conclusion

The aim of this design project was to explore ways edl@signing video instructions, to answer the
guesion: How can a calesign process improve the understanding of challenges in the design of
instructional liveaction videos? We used a case study to answer the question where we, together with
representatives from elderly care sectors, show how to usenBePsotective Equipment (PPE) and

how to follow basic hygiene routines, with regard to the implications of Ct®ioh an elderly care

contextTo use Sch°ndés terminologies (1987), we con
60k nowinad g e oervideo inskriactions become visual, mediated manifestations of this type of

knowl edge, what Sch°n refer sinatcot iaosnda (APBsi)v e Cfom
the video prototypes, when viewed arefiectidninst ened
actionbo, i . e. ., the capacity of homecare workers

they are doing it.

Live-action videos may be useful for educational purposes and when introducing work routines to
new staff. In particular, the results show that the main improvements derived from ushiigsigro
process were input on the details needed to make the wideorealistic and more reflective of real

world scenarios. In part, we think this is due to the fact that theatitien format allows users to use

more cognitive capacities to discover and gain insights into key details (i.e., image and sound
elements).These details sometimes convey just the correct kind of activity, while other times they
distract or seem contrived. Thus, over the course of the project, the video prototypes became more
and more nuanced and pedagogically straight to the point. Yieaya elderly care is complex work,

with various conditions in every home and far from 'Standard Operational Procedures'. Hence, we
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think that the liveaction instructional format of this kind can function very well as a basis for
reflection on how to actligt perform work tasks, even for experienced staff. However, the best fit for

the proper use of PPE and basic hygiene routines is probably a combination of visual instructions and
practical training. No i nstruamtnibgn walldne,eswiltth at
more sound practises and routines.
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Abstract. Design Thinking has been gaining significant attention as a potential approach to addressing
organisational problems, including thosesotial institutions. This paper provides a theoretical and practical
approach to Design Thinking as a method for social workers. The starting point of this research is based on the
hypothesis that Design Thinking can make a significant contribution tals@orkers' mindset and skills for
developing innovative projects, by providing a design methodology set of tools. To answer the main research
guestion, if and how social workers can become Design Thinking practitioners, we conducted a qualitative study
through the realisation of 3 training workshops supported by questionnaires and interviews. The results indicate
that social workers are motivated to learn DT skills and to work more creatively in teams, but {tlay a 5
workshop is not enough to give thehetbasic competences to apply the DT process by themselves.

Keywords: Design Thinking, Real Context Workshops, Social Innovation, Social Worker.

1 Introduction

Design was always a catalyst for innovation, chiefly in the industrial, architectural @ptuafields.

Over the last decade, with numerous publications about Design Thinking (Brown, 2009; Martin,
2009; Tschimmel, 2012; Mootee, 2013, & Uebernickel et al., 2020) and several case studies (Liedtka
& Ogilvie, 2011; Kimbell, 2014; This is Design Tiking website), the term has gained popularity in
business and management media and became a label for the awareness that any kind of organisation
can benefit from the designersd way of thinking
initiatives (Brown & Wyatt, 2010; IDEO, 2015; Docherty, 2017).

Before becoming a popular concept for innovation, design thinking (at that time written in lowercase)
had been defined and studied by the international research community, solely as the cogoitsge pro

of designers (Cross, Dorst & Roozenburg, 1992; Eastman, McCracken & Newstetter, 2001). In the
last 15 years, the concept of design thinking has been stretched, and has broken free from its domain
limits. Today, Design Thinking (now written in upperepss understood as a humeentred,
collaborative and transdisciplinary innovation method, expressing the introduction of design culture
and its tools into fields such as service innovation and organisational or social innovation. This move
from design tinking as the way in which designers think, to Design Thinking as an innovation
method embraced by the business world offers many new challenges and opportunities to the design
community. As many Design Thinking projects are lacking professional designetheir
multidisciplinary teams, one of the questions the 13th DTR Symposium aims to discuss is how useful
the expansion of Designés boundaries is for t h o
general, and where the limits are.

This paper prowdes a theoretical and a practical approach to Design Thinking (DT) as a method for
Social Innovation. The starting point of this research is based on the hypothesis that Design Thinking
as a method for innovation can make a significant contribution talseorkers' mindset and skills

for developing innovative projects, while benefiting from a set of tools that design methodology
offers. The goal of this paper is to demonstrate the potential the Design Thinking process and mindset
have to change the waycsal workers collaborate creatively.
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2 Contextual background

Since the beginning of the 21st century, social innovation has been high on the European agenda
(Simon et al., 2014; Manzini, 28 Social innovation and transformation is generally seen as one
way of contributing to economic growth, while at the same time promoting sustainability and
addressing social chall enges. Across Europeds me
labs, research centres and networks, dedicated to supportiabtsansformation through Design and
Knowledge, such as the DESIS network (Design for Social Innovation and Sustainability), SIKE
(Social Innovation through Knowledge Exchange) or Social Innovation Academy. The role of
designers in this scenario of fumdantal social change towards sustainability, includes supporting
social organisations and their agents in collective projects where the culture of design and the methods
designers use can be an important contribution to transformational processes. tBegigesssible

role as design activists, or triggers that initiate social projects, designers can act as facilitators,
supporting ongoing processes and initiatives through their depiggific process knowledge.
Projects such as tHduman Centred Desigmodel and the respective toolkit developed by IDEO
(2015), in response to a request from the Bill & Melinda Gates Foundation, show that Design
Thinking is an emerging method capable of responding to Social Innovation challenges.

Although Design Thinkindgor Social Innovation is proven to contribute to addressing user needs and

to finding innovative and useful solutions for social projects, there is a lack of understanding about the
usefulness of Design Thinking for social workers in supporting them dneptocess of finding
innovative solutions for their communities. Most research in the domain of social innovation is
focused on the contribution of Design Thinking to sustaining social innovation within the field of
social organisations. Kummitha (2018)r example, studied how users persuade social organisations
to adopt design thinking. But the focus of this
when adopting Design Thinking. We coul Designt f i nd
Thinking training of social workers, with the goal of equipping them with supportive tools for their
collaborative creative processes.

As professionals, we perceive the use of Design Thinking for social workers as adding value to the
creation of knaledge within the innovation process by 1) being inclusive, 2) allowing collaborative
workflow, 3) being motivating and empowering, and 4) having the potential forezgion (Moreira,

Santos, Palma & Tschimmel, 2020). According to Docherty (2017), tpécation of Design
Thinking within social projects provides a 'safe' space for different perspectives to be shared openly,
for new insights to emerge and to empower participants in cooperating and creating shared visions.
This investigation emerged as apportunity for us, as our team was refining a Design Thinking
model for Social Innovation (which will be described in more depth below). In August 2018, the
National Commission for the Promotion of Children and Youth Rights and Protection (CNPDPCJ)
waslomki ng for a partner to carry out a set of ac
project intends to build Local Plans for the Promotion and Protection of the Rights of Children and
Youth based on a local diagnosis and develop a set oftedithat are part of this plan. However, the
CNPDPCJ felt that these activities could benefit from being designed using a set of tools different
from those that have so far been ubgdsocial worker teams. This partnership therefore enabled a
line of regarch using the new DT Social Innovation Model. The research opportunity was particularly
attractive, as the participants were mainly social workers who intervene with children at risk, and with
their families. But perhaps above all, within the contexth&f Adélia project, in the area of risk
prevention and parental skills improvement involving the broader context of the community, and not
only families already on the radar of social services. In order to take this research further, we designed
a Design Thinking workshop, directed at social workers (and other professionals), with our main
research question being: Can Social Workers be Design Thinking Practitioners?
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3 Methodological approach
3.1 Research method

The methodological approach in this study integréite Sociatritical paradigm of Resear¢hrough

Design, which according to Pedgley & Wormald (2007, pp772) means fAr esear ch wi
design el ementod or Aresearch incorporating a de
carried outby the three of us as Design Thinking researchers and trainers with more than a decade of
experience and backgrounds in product design, research and education. That means, in the words of
Pedgley & Wormald, that the integration of the design activity avasans to an end, and not an end

in itself. The principal aim of this research project was to verify through practical experimentation if

social workers would get the necessary motivation and skills to become Design Thinking
practitioners, as a result ofir intervention. However, supplementary questions then arose:

A How can we make the Design Thinking process for social workers more comprehensible?

Which are the DT tools from our Social Evolution 6 model that social workers perceive as the
most useful fotheir work environment?

A
A How motivated to innovate do social workers become, after going through Design Thinking
training?

A Which elements of design culture and which kind of DT tools, will it be easy for social workers to
integrate into their daily life?

A

What is the impact of the workshop on social workers' mindset regarding awareness, motivation
and seHappraisal of their ability to apply DT?

Based on research by Chesson (2017) and by Schweitzer, Groeger and Sobel (2016), we conceived a
framework for a gastionnaire to help us to understand and meaaaal workers' Design
Thinking knowledge and mindsé&ur framework has 4 different levels:

DT Principles 1. Human Centred Approach, 2. Collaboration, 3. Openness to Risk/Permission to
fail, 4. HolisticApproach, 5. Register of ideas, knowledge and process, and 6. Iteration.

Practices Work approaches, such as Observation, Questioning, Identification of patterns,
Experimentation, Visualisation of knowledge and ideas, etc.

A

A

A Techniques Methods and toolsupporting practices such as Mind Maps, Stakeholder Maps,
Insight Maps, Brainstorming, etc.

A

Mindset attitudes and ways of thinking (being empathetic, being divergent, not choosing the
obvious, being playful, embracing failure, etc.).

In our research appach, we used the following techniques:
A Pre and post questionnaire to all the participants of the workshops;
A Field observation during the training;

A In depth interviews with one random participant from each region at least 6 months after the
training.

Thepre and post questionnaire considered the 6 principles from our framework and included a total of

27 questions divided into three sections (in the first section the participants had to indicate the level of

agreement with a sentence, on a scale from yotiilagree to totally agree; the second section

participants had to choose what most closely reflected their positions, from opposing concepts; the

third section had 3 open questions for feedback). With these questionnaires we evaluated their

awareness, niivation and capability to apply these principles. During the workshop training the

facilitators took occasional notes of the most relevant insights. Fdepith interviews took place in

June 2021 via zoom, using a semi structured guide with 5 openamsesti
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32The Design Thinking model iSoci al Evolution 60

I n 2019, we developed a Design Thinking model
(Moreira et al.,2020), designed with the goal of helping companies to work on corporate social
responsibity, and potentially, to collaborate with public services for their own modernisation.

f

Regarding the workshopds context, the model was

workersd training.

The Social Evolution 6 model (SE6), is a naturailetion of the Portuguese Design Thinking model
Evolution 6%, developed between 2012 and 20TSchimmel,2018), and registered under Creative
Commons, combined with the Social Innovation Spiral from NESTA.

Taking into account t h which Sotial &voldtiomo6t id leased, it misod e | s

comprises 6 phases, and maintains the rationale of the letter 'E," existing in the E6, both for Portuguese
and English. There are many other DT processatsodeveloped in academic or business context,

which consil e r 3, 4 or 5 phases, depending on the or ¢

between all these models does not lie in the number of phases (which are frequently related to the ease
of memorizing the model 6s n afrthe procesbk and the imegratibne v i
of several DT tools.

@ EMPATHY
EMERGING CHALLENGES AND PEOPLE'S NEEDS

ELABORATION _

EXECUTION

MPLEMENT & MEASUR T

EXPANSION

Figure 1. The Social Evolution 6 modeDesign Thinking for Social Innovation

Our Social Evolution 6 model consists of the following 6 phases (Moreira et al., 2020):

- Empathy - Emerging challenges and social needs: explores challenges and needs that emerge
directly from people and their circumstances, and the goal is to identify a problem to solve.
- Exploration - Generation of ideas: this phase is about exploring wild idedshenking in analogies

in order to find ideas that will possibly be an answer to the challenge.

- Elaboration - Prototyping, testing and development: materialising ideas and testing helps develop
an idea further, transforming an idea into a concept.

- Exhibition - Presentation of the project: it is necessary to present the idea properly in order to garner
the support on which it depends for its successful development. This presentation is at the level of
content and form, which means that not only arentmessary tools developed for the idea to receive
economic support, but also that the narrative develops to support the idea.
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- Execution - Implementation and impact assessmassociated with the implementation and impact
assessment, asets of theorig and tools that emerge exclusively from the social context, and which
are used in practice.

- Expansion- Systemic change: the final phase corresponds to the ultimate desirable impact, which is
Systemic Change and it requires a complex interaction of culture, consumer behaviour, business
practice, legislation and public policy.

For each phase of SE6, wesalpropose a set of tools as a way to support the development of a
project. The workshop programme was designed according to each phase and respective proposed
tools. The Expansion phase was the only phase that wasn't considered, due to the reseaech purpos
and the training context.

4 Workshop

In March 2020, the authors were ready to start a programme of Design Thinking for Social Workers
to be replicated in three regions of Portugal: the North, the Centre and the South. The promoter of this
initiative as mentioned above, was tidational Commision for the Promotion of Children and Youth
Rights and Protection CNPDPCJZ in the context of a project dedicated to Positive Parenting. This
initiative was aimed at practitioners in the field of childhood and youth, integrated into several
entities, b¢h public and private.

The designed programme comprised a 5waykshop forSocial Workers(7 hour/day) and a public
presentation to relevant stakehold€e®yernment representatives, Social Entrepreneurs, Managers of
Social Innovation Hubgh each regin with the aim of developing local projects addressing children's
rights and positive parenting.

The first group (25social workery from the Northern region was scheduled for March 2020.
Unfortunately, given the pandemic outbreak that occurred in thentmee, the last two days of
training as well as the Pitch Day were postponed to September of the same year. This interruption led
to the withdrawal of two of the participating teams. The remaining sessions were realised online,
using Zoom and the collakative platform Miro. This hybrid format was unexpected and made it
difficult to familiarise all the participants with collaborative digital tools. All participants were
unanimous in considering that these tools allowed a better visualisation of the £dnéens mere

Zoom call, even though it was not possible to use the Miro tool to its full potential.

The training sessions for the Central region were also scheduled for March and were rescheduled for
October 2020, when it was possible to carry out thigeeptogramme in person, as well as the Pitch
Day. The total number afocial workersvas 22.

The Southern region sessions, initially planned for November 2020, took place in an exclusively
online format in April 2021. A total of 15 social workers wergdlved. The Presentation Event

Pitch Day- took place in a webinar format.

The design of the programmea s det er mi ned by the Soci al Evol uti
of the following activities:
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DAY 1

Welcame
introduction o the DT pragram for
Social Maovation vesrkshop

- Presentation of the agenda for the 5
days of the hands-on training

- Contextualizatian of Methads and
Coneepts {Creativity, Inncvation
Dasign Thinking Method and [Modsls
Design Thinking far Social Innovatian
and other thearatical references)

- Business Madel Carvas toal and it's
adaptation to the sacial context
through the Social Business Modsl
Canvas (SBMC) created by

Mirel shake

SEHE was 15edIn 1h¢ Netth Zsne
P 2ot e

oy

 the 4™t
ly Used Ih the [5

E1 - Emipathy phase
emerging chollenges
ond sociof needs

DAY 2

E4 - Empathy phase

emerging challenges

and social needs
- Contextualization af what 1s an
Insight

-How ta analyse the results fram the
Interviews

- Insight Map

Jded genesotion

- How Might W
- Braitgtorming
- Brainwriting and Brainskeiching
- Semantic Confrantations and
Foteed Relations.
- Reverse Brainstorming

Idea Cluster
- Evaluation and Selectisn of [deas
{Eualuatian fatrv, Idea Hitlist,
Patential Map)

DAY 3

E3 - Elnboration phass
prototype, test and develop

- Contextuahzation of the importance
of prototyping (vhat, Howr and Why?)
- Evamples af pratatypes in the area
of Sacial Innavatian

- Develop Prototypes.

- T2zt the Prototypes

- Analyse Test Feedback and
improve Pratotypes

DAY 4

Broject desselopment

- 8ocial Business Model Canvas
- Storyboard

- Piteh Phinge

- Develap presentation structure
using the Pitch Template

EG - Execution phass
mplementation and impact
evgiLalion

- Introduction ta tools to measure
Social Impact {Lagieal Framewatie
Theary of Change

and SROI

- Logical Roadmap

DAY §

Implementation ond impact
avoluation

- Construction of Prtch wisual suppart
- Rehearsals and feedback

DAY &

Pitch Day
Presentation of the workshop
autcomes

Ench team that participated in the
workshop presented the project
devsloped during 5-day training to an
audience of social context stakehold-
s

- Dpportunity Mind Mag
Causcs Diagram

- Impact Statement

- Stakehalders Map

- Interviews

Figure 2. Programme of the-Bay workshop

At the beginning of the training, participants, who applied in teams, were posed with the challenge of
building an initiative or social business that would fit the Local Plan for the Promotion and Protection

of the Rights of Children and Youth of their city.

Accordingly, in each session, after a more theoretical contextualisation, we urged the participants to
use several tools and templates, following the phases defined in the model. In the 1st phase the teams
designed an Opportunity Mind Map to explore the kremgle about positive parenting and all
information gathered by local diagnosis of their region/city, so that they could identify a problem or
opportunity to explore. From there, the participants resorted to several techniques, usaigly
templates desigeor adapted specifically for this model, that guided them through the 5 initial stages

of soci al transformati on. I n this journey, we hi
Mi ght Wed questions and a So cteda PitctBpuesentatiensos theMo d e |
final day.

5 Findings

The findings of our Research through Design come from two different perspectives: the social
workers' perception (Questionnaires, Feedback tool | like / | wish and Deep Interviews) and the
authors' angsis of their observations made during the workshops combined with the results from the
guestionnaires, informal feedback and interviews. The findings resulting from the several research
technigues are complementary and added value to our final conclusions

Our observations were focused on the collaborative dynamics and engagement of the participants in
the DT process, as well as the way participants applied the proposed tools. We perceived the social
workers initially as very passive and expecting a tiawltl teaching format. As these social workers
were not used to practical training, they had problems getting out of their comfort zone and adopting a
more handsn approach. Furthermore, we observed the participants had various difficulties in
understandig and using the tools according to our instructions, and also understanding the context in
which they could apply them. However, the tools presented were perceived by the participants as
beneficial in helping them solve complex and challenging sociathlgms.
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The initial questionnaire was answered by 40 social workers, but the final questionnaire was only
answered by 21. The main reason was clearly the difficulties thrown up by the pandemic situation. In

the following text, we describe the findings frahese sources:

At the beginning of the training, 27,5 % of the participants were not familiar with the DT process,
40% cl ai med that they had heard about it but di
that they already used some of its todlse remaining 9 people (22,5%) said they were familiar with

the method.

From the initial questionnaire it is possible to infer that the participants' expectations abotdaihis 5

training were | earning fAnew wor kwithmew perspdatiies) gi e s 0
and applying the method in projects with children and their families in the future. They also believed
this was a method fAto |l ook for innovative solut

supplied much needed support fyenerating ideas and finding solutions for social problems. Some
participants also mentioned the need to Athink o
could also be a way of motivating teams and beneficiaries of their organisatiens. mmar y At o b
able to draw my ideas, in order to make them hap
The findings from the questionnaires applied both in the beginning and at the end of the training are
divided into the 6 DTprinciples (1. Human Centred Approach, 2. Collaboration, 3.n@ss to
Risk/Permission to fail, 4. Holistic Approach, 5. Register of ideas, knowledge and process, and 6.
Iteration), identified in the framework built for the questionnaire as mentioned above, adidided

into awarenessmotivationand capability. There were also synthesis questions for each one of the
principles.

5.1 Human centred

Awareness Although discreetly, the results show an inclination towards the understanding that
knowing how a problem affects people is one of the fundamental elemestdviog it. At the end of

the training more than 50% of the respondents tc
step in solving a problem is to understand how i
Motivation The results show no particular improvement in teafsotivation for empathising with

people affected by a given problem, and most of the ansimgreead or fitotally agreed with the

claim AWhen I &m sol ving an i ssue, | &m curi ous
situationo.

Capability Attheend of the five Design Thinkingheasessi on
someone tells me how they are affected by a given problem, | can readily look at the situation from

t heir p o i matnee® deemvtd e vmore moderate in self appraisdleof ¢apacity to put
themselves in someone else's shoes, since some
Aipartially agreed. Al though not particularly pos
during the training, that this e of evolution in answers may be due to a greater awareness of how

their preconceptions about how a problem affected people may not be real. There is a realisation that

it is necessary to go through a process of empathy to observe and question spgtdiafiected by

specific problems.

However, trainees conclude overwhelmingly, in this part of the questionnaire dedicated to the Human
Centred principle, that understanding how people are impacted by a problem is important or very
important, and there h&ieen a great evolution in terms of responses (Fig. 3).
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Understanding how people are impacted by a problem is...
I Before [ After

80,00%
60,00%
40,00%
20,00%
0,00% -.- | | - I
1 2 3 4 4 5 6 7
Very important Not relevant to the process of generating solutions

Figure 3.Gr aphic resul't of the opinions before and after
people are i mpacted by a problem is ¢é0o

5.2 Collaboration

Awareness Fr om the question AColl aborating with ot hi

conclude that trainees are more aware of the importance of collaborating with others, and the
percentage thditotally agrees that only in this way it is possiblto create the best solutions, rises
visibly, to more than 75%. Beside ti@uestionnaire, this perception is reinforced in fheep
Interviews. All interviewees underlined their higher awareness of the importance of collaborative
work in innovation process.

Motivation Likewise, the motivation to collaborate has significantly improved. In the question

fiWh e n solving probl ems, I actively seek other
di sagreedo disappeared and edhlbespercemdy® of peppderthati al | y
Aitotally agreedd rose to more than 45%.

Capability When answer i nBlly abillies togreatesnew solationd stand out more as a
team than when wor ki ng ithe theme relhtadatd Hupn&entred thera n t h e
seems to have arisen a more acute awarenessnsdykis and moderation regarding the ability to put

coll aboration into practice and obtain better re
statement diminished andwasreplaed wi t h peopl e that HAagreed or My
Trainees learnt from this formative process that working with others has more value than the opposite,
placing all answers in the range from 6 to 8 (Fig. 4).
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Working with other people is...

B Before [l After

80,00%
60,00%
40,00%
20,00%
0,00% J [ | | [ ] [ ]
1 2 3 4 5 6 7 8
Frustrating Valuable

Figure 4. Graphic result of the opinions bef@ and after the training on the
people is ¢€éo

5.3 Openness to risk taking/ permission to fail (creative thinking)

AwarenessTo t he question fdAFaisloulrvei nigs ppreorcte safo tthe pre
better in terrs of the awareness, but they are not so expressive of change that definitive conclusions

can be drawn. At the end of the formative process, the majority of people agree (38%) or totally agree
(43%) with the statement.

Motivaton The group reveals greater motivation for
to try new t hillisagreedandfptrtialysdisagreddlprior to the training disappeared,

and the percentage of trainees at the end of the traininfgiipated or fitotally agreed rose to 90%.

Capability. Similarly, to previous themes, with regards to the ability to accept risk, there is a decrease

in the number of people who say that they #Atot
decreasdé n t he number of people who #Apartially di seée
real i sti c tl'mvety boenfortpbleevdth theoriak infierent in trying something completely

newo and more that 70% of thEelgnageesofalbain th
In the summary question, there is a clear indication that most trainees understand that failure is a form

of learning (Fig. 5).
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Failure is something we should...

I Before [l After
0,5

0.4
0,3
0,2

0,1

0,0

1 2 3 4 5 6 7 8

Learn from Escape from

Figure 5.Gr aphic result of the opinions before agwe after
shoul d ¢é0

5.4 Holistic approach

Awarenessl ncl uded i n the Hol i sti clthnkpsinpariartto jwokiatnci pl e
an issue from diddnmorestraenthat tipeegrogp measpedithe eomaept that different
perspectivesare advantageous when analysing an issue. All disagreement with the statement
disappeared at the end of the training, 39% of the people agreed and 61% totally agreed.

Motivation The answer to the questidihen | work on a given problem, | look for corapientary

or contr adi c daes notshow Bignificard impravements regarding tolerance and/or the
search for ambiguity. Most of the answers are similar to those at the beginning of the training and are
in the partially to totally agree areas.

Capability. The largest shift in responses was among thosefiullly agreed with the statement to
fipartially agreé (Fig. 6). The insight we have, from our observation, is that the work practices of this
particular group of people is not very inclusivediergent opinions and that these 5 full days of
training are not enough to change that attitude and perhaps other groups got a better understanding of
this situation.
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| get frustrated when | have to make commitments that
integrate conflicting interests

I Before [l After

100,00%
75,00%
50,00%
25,00%
0,00%
| totally | disagree | partially | partially | agree | totally agree
disagree disagree agree

Figure 6.Gr aphi ¢c result of the opinions before and after
have to make commitments that integrate conflicting i

5.5 Register of ideas, knowledge and the process (Making things tangible)

Awareness:The graphic (Fig. 7) shows clearly that people became more aware of the power of
images and drawings to communicate.

Images and drawings are a great way to explain ideas and
solutions to others

B Before [l After
100,00%

75,00%
50,00%

25,00%

0,00% —— .

| totally | disagree | partially | partially | agree | totally agree
disagree disagree agree

Figure 7.Gr aphi ¢ result of the opinions before and after
a great way to explain ideas and solutions to other s(¢

Motivation At the end of the training there are more people (38%) who disagree with the statement
that Al mages and drawings distract me when | 06m t

Capability: There doesn't seem to be a particularly positive evolution in the ability to think through
design/sketches and prototypes, which obviously reveals thatipatan develop visualisation skills
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in a 5day workshop. The principle of registering ideas and knowledge (making things tangible) is
probably one of the most difficult skills to develop in riesigners (Fig. 8).

| think about ideas and solutions designing and prototyping
I Before [ After

100,00%
75,00%
50,00%
25,00%
0,00% —
| totally | disagree | partially | partially | agree | totally agree
disagree disagree agree

Figure 8. Graphic result of the opinisn bef or e and after the training on t
solutions and prototypingo

5.6 Iteration

Awareness I n this statement ARefl ecting on the opi
solutiono, trainees evolved in their fdsagseest i on. /
or fitotally disagreedwi t h t he i dea t h a tondelays solutdre versasg0%opridre r s 6

to training.

Motivation Li ke wi s e, the number of peopl e Inmatereativet ot al |
process, I believe in taking t wbasisdreaspdsfrorh 3020k war d
to 48%.

Capability: The percentage of people who fully agree with this statement after training has increased
from less than 10% to almost 40% (Fig. 9). In fact, we believe, based on our observation, that people
were able to verify that the DT process, havingchea the goal of building a new project, often
involved iterating between ideation and idea selection.
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| walk "back and forth" between evaluating available options
and coming up with new ideas

B Before [l After
50,00%

40,00%
30,00%
20,00%
10,00% .
0,00% -
| totally | disagree | partially | partially | agree | totally agree
disagree disagree agree

Figure 9.Gr aphic result of the opinions before and after
between evaluating available optiomséd comi ng up with new ideas?o

5.7 Findings from open questions

Regarding the open question, posed inthe@ude st i onnaire (Q), AWhat adva
process that uses Design Thinking in the work you develop in the area of
intervention/participation/soci al vDeeplkterdews and al

(DI), the most interesting answers can be clustered as follows:

5.7.1 HumanCentred

Q: AfThe advantage is that t hipersppaive ofeisossthe oserus es ¢
in social work it is important to know the problem that afflicts the context/individual and intervene

directly in the problem in order to improve the
Q: NADbi ki Dyoicegi vo all stakeholders and create
5.7.2 Collaboration

Q: ATeamwork is very beneficial and all the step
Q: Alt is very creative, |l aersignteam, oftnmwl atdéeag
DI : ANow | tell p that pelpeto dathex contribdtions fsom diffedet peopdedand

perspectives. 0
5.7.3 Openness to Risk Taking/ Permission to fail (Creative Thihking

Q: Al't i s a cr eat iotknk outsidenthe thax Wiich is vety mexdssaly ol spcial t
work that is too standardised for a certain way
Q: ACreativity and new solutions. 0

Q: ilt helps to 6get ideasédé, to | ook attitishe pr ob
possible to intervene using more creative approa
DI : Al enjoyed the challenge of | ooking at the s
different way, shaking them. Like grabbing the same thing but grabbing it in an iiveowaty. It's

f un, and very difficult.od

5.7.4 Holistic approach

Q: ifWe were able to see a given problem from di
solution. o

DI : AThe Stakeholder Map is very i mpordangmng for
valuable to quantify and qualify relationships. o
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5.7.5 Register of ideas, knowledge and the process (Making things tangible)

Q: AA more realistic and promising process. 0

Q: AHelps to structure ideas, understand probl en
Q: hink it igimportant, as it makes us reflect, to have a concrete idba afhole process and it is
easier to find solutions. 0

Q: iHel ps gather ideas to prepare a project, e v
on the essential .o

QAAssertiveness, better time and resource manage
DI : AfYou, for me, have become an equation: t his
or wherever we want to apply it.o

5.7.6 lteration

There was no relevant answer that would have led usi@aaingful conclusion.

Regarding the question about obstacles in using Design Thinking tools to develop ideas or solve
problems in the area ohtervention/participation/social work, we can summarise most of the
comments with these testimonies:

Q: i dck af kndwledge of the existence of these tools by the vast majority of workers in the social
area and families, prejudice towards the use of this method, and resistance to change, in my opinion,
are the biggest obstacles. o

DI : il n nor ma imoswsocialkkworkers balieve they already have a deep understanding
of the problems, and thus act on preconceived id
In short, since most of their peers did now have access to this training, many people saw ingrained
work habits, and also lack déihancing, as the biggest obstacles for implementing DT tools in their
daily work routine.

Figure 10. Picture of thd like / | wishtool at the end of the first 3 days of training with the Northern region
group

Regarding the todllike / | wish(Fig. 10), used to gather feedback from the trainees, it was clear that

the most common denominator in terms of the thir
the training itself. Also mentioned were sharing among participants and the diacusmnents,

creating prototypes and getting to a final presentation for the Pitch Day. Citing one of the social
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wor ker s fil |l i ked better understanding the i mport
to follow the steps and notrushto theusvli on; to work in a team; to pr
As for what people would like to have had in this training, most answers referred to the lack of time to
explore the support materials and tools, to incubate ideas, to iterate more using the prototypes and also
more time to discuss with the project team with the dedicated attention of the DT facilitator.

Nonet hel ess, one of the participants wrote: Al w
this way forces us to focus on the goal 0.

6 Researchlimitations

This research was conducted during the Cddcgandemic and obviously it had an impact on various
aspects of the scheduled programme. These series of workshops, initially designed to take place in
person, at three different times of the yead & three different locations, had to be adjusted several
times in order to follow the safety measures against the virus. What happened was that the first
workshop was 3 days in fate-face format and 2 days adapted for online, the second workshop was
fully faceto-face and the third fully online.

Due to the uncertainty and the short time to adjust to the preventive measures imposed by the
Portuguese Government, the number of participants was lower than expected, as was their availability
to fully partidpate, due to remote work and the adjustments that each institution also suffered. It is
important to take into account that many of the participants work in institutions where there are
several risk groups such as the elderly and children. Many of theanhall to be in preventative

mode because abuse and risk situations for children and youth rose significantly during lockdown.
This situation, unfortunately, also affected the quantitative participation in our questionnaires (from
40 before the training 21 after the training).

7 Conclusions

This paper provided a theoretical and practical approach to Design Thinking as a method to change
the mindset of Social Workers, improving their way of collaboration and developing innovative
projects through desigeulture.

Based on the Questionnaire answers, our conclusion to the main research quéston Soci al
Wor kers be Design Thisnktihnag ptrhaecrtei tiisonnbetr sa? dhuge p
as Design Thinkers. However, through our observation and informal dialogue with the participants,

the feedback received in théike / | wishtemplate and the idepth interviews demonstrate innse
aspectgawareness, motivatioandlearning many benefits for the social workers mindset, regarding
collaboration, empathy and creative thinking (divergence, playfulness, experimentation, etc.).

Regarding the supplementary questio®Wwh at i s otfh et hiempwocrtk shop on t he
mindset regarding awareness, motivation and-agifpr ai s al of their abil it
conclusions aras follows: Concerning€entheediddumainnci pl e, the t

havegained much more motation or ability to put themselves in the shoes of others, however they

clearly recognise that this is a fundamental step towards building social innovation solutions. There
seems to be a better spirception of each trainee's real competence in emathetking. With

regard t o ACol |l aborationd there was a ¢c¢lear in
advantages of working together and a moderation in thepegieption of competence. We believe

that most oftheseprofessimals had never facedis kind of creative working environment and

realized that their usual practices were not really collaborative (even when developed in a team) and

that their perspectives about social problems do not correspond to the beneficiaries' perspectives (the
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peopeg t hey work for). Nonet hel es s, we are convi n¢
institutional obstacles are overcome, these practices can become integrated and part of social workers'
mindset.

On the subject of AExipek i madtifrag | anddo,acthptieng
improvement in awareness, an improvement in motivation and a greater moderation in response as far
as ability is concerned. However, the participar
seem to hee been much learning about a holistic approach to problems that integrates different views

or even conflict. The participants recognise that it is necessary to look at different perspectives but do

not understand the need for uncertainty and opposingsvi€here seems to be more awareness and
motivation for using visual tools to register ideas and knowledge during the creative process.
However, there was no improvement in competence and learning of how to visualise ideas (drawing

and prototyping).

It wasunexpected for us that the evolution of selp pr ai s al of participantsd
related to the main principles of DT was negative. Nevertheless, upon critical reflection on the results,

we concluded that somehow these results reflenb@ judicious evaluation of their own capabilities.

Often, in the learning process, trainees become aware of what they do not know and realise, in the
process, the skills that they lack to work on.

Regarding the question bbw motivated social workergeto innovate, after going through a Design

Thinking training, the questionnaires and interviews let us conclude that the social workers are very
motivated to learn more about the Design Thinking process (by expressing high enthusiasm and belief

in the paver of DT), but that they still do not see a context for the practical application in real
projects. The obstacles they identified are relédetie resistance to change of the social institutions,

the lack of finane and the lack of DT knowledge/trainimg their peersThe motivation and desire to

learn more from the DT method was demonstrated by 3 requests we received after the workshops
from different social institutions to facilitate DT workshops in other contexts. We have already
answered two of thesrequests by the realisation of a workshop for the Red Cross and another for
ASAS-Santo Tirsobs Solidarity and Social Action Ac
Concludingwith which elements of the design culture and which kind of DT tools, social workers will

be able to itegrate easily in their daily life, our findings have shown that the social workers evaluated

very highly the dynamic and systematisation of the DT process, the collaboration, human
centerednesand the divergent thinking. The participants recognised Igl¢laat Design Thinking

focuses on establishing an innovatioiendly climate in their organisations, for the letegm, and

they are willing to advocate for it. Concerning the DT tools,ithéepthinterviews revealed that in

general the social workeeson 6t r emember the name of techniques
exception of the Opportunity Mind Map, Stakeholder Map and the Cause Diagram, probably because
these tools are in a way connected with thbemmon ways o#vorking and most pressin@ecerns.

This research was essentially conducted to give us an understanding of how to improve social projects
through our Design Thinking knowledge. Thus, as a creativity and design consultancy we, of course,
asked ourselves how we could make the DesigimKing process more comprehensible for social

workers. By the end of this study phase, we concludeotiraSocial Evolution 6 model needs to be
improved, above all in relation to the specific language and to the templates used in the training
sessionsAt the moment, one of the authors of this paper is involved in a series of-fgil@vents

and is aware of the work some of the participants are developing. There are some promising signs,
however it is still too soon to evaluate the ldegm impact.

In future workshop programmeén order to make the process more comprehensilke,will

concentrate more on a learning by doing approach and leave theoretical explanations of DT principles,
models and tools behind. As a next step in our rebeafter improwing some templates and the
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workshop programme, we will run a workshop with the social and private sector in order to test the
improvementsand develop tools to follow up and measure impact of the 1) learnings from the
workshops, 2) projects created duritite workshops, and 3) future projects developed by the
participants.

Regarding the topic of the DTRS13 conference,
boundaries, based on our training experience with the social workers, we consider the gxplandin
design frontiers to clearly be a blessing for social institutions and also for all kind of other
organisations, as the DT process and tools helps them to think more empathetically, collaboratively
and creatively. For designers, the extended percepfiddesign and the recent Design Thinking
boom, which goes beyond Social Innovation, is a great opportunity to export their process knowledge
to other domains. Not only can and should the designer be a member of social innovation teams, but
often he/she add take on the role of a facilitator in the development of innovative projects, guiding

~

0soci al i nnovation agentsod or providing forrainin
social environments
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How do older adults engag as robot cedesigners?
Rapid prototyping supported by lived experiences with
technology

Anastasia K. Ostrowski Cynthia BreazealandHae Won Park
Massachusetts Institute of Technology, MedialLab,{akostrow,cynthiab,haewon}@media.mit.edu

Abstract. Co-design is a powerful methodology to incorporate older adults into the design of new technologies.

It has been less commonly used in robot design processes, especially with older adults. Embedded in our work
of a yearlong codesign process with older @lts, 28 participants between the ages of 70 and 94 engaged in a
rapid-prototyping session to design social robot interactions using abié®ed programming interface. In this

paper, we explore the rappototyping session investigating how older adwesign robot interactions
supported by lived experiences with technologies, and how older adults relate to being robot interaction
designers after the rapmototyping session. Results demonstrate the impact and value of incorporating co
design rapieprototyping methods that empower users to design and program social robots. Our results strongly
advocate for calesign methodologies that empower users, such as older adults, and expand the boundaries of
technology design.

Keywords: co-design, older adultsapid-prototyping, social robots, technology design

1 Introduction

Design research has become embodied in many fields including engineering,-damparter
interaction (HCI), and humarobot interaction (HRI) to address wicked problems (Rittel & Webber,
1973; Zimmerman et al.,, 2007). Through this process, the technology design boundaries are
expanding, creating bridges with and enhancing design (Dorst, 2019). With this approach, it is critical
to remain mindful of the design space and stakeholders andhese& vary between social context

and culture Bucciarelli,1996; Wallach & Allen, 2008 By empowering users and creating spaces for
them to work within design teams (Ostrowski et al., 2020), we can engage with users in a more
meaningful way during the dign process than has historically been done in-eemered design
(UCD). Recognizing the need for researchers to understand how people will engage with robots and
how they wish for them to be designed (Jung & Hinds 2018), approaches, such as UCD amd hum
centered design (HCD), are increasingly being applied to HRI. While both involve users, UCD often
l'imits usersd role to informants and HCD uphol ds
integrated members of design tearBsighanan 2001; Leet al. 2017) Related to HCD, cadesign

and participatory design uphold these values by incorporating users into the design process,
amplifying their voices, and empowering users as purposeful contributors (Braa, 1996; Ertner et al.,
2010). Cedesign framworks such as experienbased calesign demonstrate the value of

| everaging peopleds |lived experiences in the ger
2018; Sanders & Stappers, 2008).

Older adults have been incorporated intedesign ofnew technologies (Harrington et al., 2018; Lee

et al., 2017Lee & Coughlin, 201} but this methodology is less common in robot design processes
(Bjorling & Rose, 2019) Within a yeatlong codesign process with older adults (Ostrowski et al.,
2021a), weengaged older adults in rapidototyping of social robot interactions. Social robots are
physically embodied, emerging relational Al technology that leverage verbal and nonverbal social
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modalities to engage with users (Breazeal, 2002). Our previous wotkeoyealong cadesign
process focused on the development of the process promotahesign within HRI and providing eo
design guidelines for future HRI research (Ostrowski et al., 2021a) and exploring how participants
incorporate stories in edesign processes (Ostrowski et al., 2021b). With this work, we deeply
explore the rapigbrototyping session embedded in the yleag ccodesign process. Theverall
contribution of our work is to discuss how older adults asdesigners can expand the boundaoies
design for technologies such as social robots. Our work was guided by the follmsiayrch
questionsaround older adults as-c@signers:

- R1: In a rapigprototyping session, how do older adults design robot interactions supported by lived
experience with the technology?

- R2: How do older adults relate to being robot interaction designers after engaging m rapid
prototyping of robot interactions?

2 Background
2.1 Understanding Who Designs and Who Gets to Design

Design researchers have studied design through various lens, such as framing problems and solution
spaces (Patton & Dorst, 2011; Dorst & Cross, 2001), prototyping (Cross, 1999a; Ullman et al., 1990;
Houde & Hill, 1997), and building capacity (Cross, 19C€2yne, 2005). Users have also been studied

in design research and are perceived, conceptualized, and included differently in varying design
methodologies. Perhaps the most common design approaches that are highlighted in HCI and HRI
include UCD, user expience (UX) design, service design, and participatory design, which will be

covered in turn.

UCD emphasizes that users are included in the design process focusing solely on usability (Buchanan,
2001) . Criticism of UCD hasarhigwér ghaeus tdhmatp ey

user so, rather than a focus or fAconcern for peop
similar to UCD as they both focus fal most excl uc
fon the dgiesgbe odbmputati onal systemo and take fAa

Zimmerman, 2013), rather than the perspective of a sociotechnical system in which the product will
operate within. Jordan (2002, p.12) outlines limitations of-ueatered gproaches like UCD and UX

hi ghlighting that #asbhdeapppoachds Is that theyienchurage sa dinhitedl view y

of the person using the product. Thi$ isy implication if not by intentioi d e humani zi ng. 0

In contrast, HCD approaches incorporate participants as main contributors to the design process
(Buchanan, 2001) examples are service design and participatory design approaches. Service design
examines a problem space and context holistically analybmginderlying relationships, roles, and

agendas of stakeholders involved in the design process (Forlizzi & Zimmerman, 2013). A key focus

of service design is the gmoduction of value for both service providers and customers. The output of

service desigims ametad e si g n: fa set of interactions across
and many computational systemso that prompts de
design but societal level challenges as well (Forlizzi & Zimmerman, 2@a8}icipatory design

(discussed further in Section 2.2) supports involvement in the design process aswaytwo
collaboration process between researchers/designers and participants and recent conversations have
emphasized the importance of revitalizingrtigipation in participatory design with a focus on
Aparticipatory designé[as] a tool to help people
Kyng, 2018). This calls for the partners, or participants in a design project, being the majer afriver
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the process and researchers taking on a role of both an investigator and an activist (Bgdker & Kyng,
2018).

The perspective of users in participatory design, service design, UX, and UCD demonstrate how users

are valued and perceived in various wdyat tan impact how designers engage in the design process.

In addition to focusing on who designs and how people are incorporated and perceived in the process,

it is also critical to consider how people who patrticipate in technology development are ¥aued.
exampl e, Loyotard (1986, p.9) asks, Awho deci des
be decided?0 Questions | i ke -de$igners acepneonpordteld éto d o or
design processes and how does their knowledge conttdassign research.

2.2 Co-Design and Participatory Design Values

Participatory design and abe si gn are often used interchangeahb
creativity in designo is rooted in thengiarticip
(Sanders & Stappers, 2008). The first research projects in the 1970s were focused on engaging
workers in workplace design and devel opment, S |
systems designers/researchers and the situated expertisgpebitie whose work was to be impacted

by the changed (Bj°rgvinsson et al., 2010). Part

empowering or emancipating workers or users in other contexts, highlighting the value for democratic
ideals (Erter et al., 2010). Cross (1972, p.11 at the Design Research Society Conference) also
espoused the responsibility that designers have to include users in design processes to better address
Awi cked problemso (Rittel & Wedigheesrin evelly Jigld3hpve i n s o
failed in their assumed responsibility to predict and to desigrihe adverse effects of their projects.

These harmful side effects can no longer be tolerated and regarded as inevitable if we are to survive

t he f ut us ceréainlyanead for new approaches to design if we are to arrest the escalating
problems of the mamade world and citizen participation in decision making could possibly provide

a necessary reorientation. Henceonhia desafgnenc
bringing users into the design process, it is critical to consider how users will be supported in the
design process and how their contributions and innate knowledge is valued by researchers and within

the design process and output.

Paticipatory design approaches, such as experibased calesign, build upon prior technology or

lived experiences and environmental knowledge of participants awksigners to support idea
generation and development of new devices (Harrington et Gl8)2 Empowerment is a critical
component of participatory design aligning with its democratic ideals (Ertner et al., 2010). Ertner et

al . (20120) outlines five enunciations of empowe
enunciatioorase (lmpMecwement of the | ife conditio
fan enabl ement of citizens to participate democ
soci al matterso, (3) fAa str endgerdenmatinggactoréinthehe use
participatory design framewor k?oq, (4) Areinforcer
the practice of participatory designo, and (5)

design practice to eeflexive analysis of how discursive conditions for knowledge production shape

the process and the achieved results. o Our work
working to address power imbalances between researchers-dedigoers, or gperts and novices in

the lens of robot interaction design. It also supports and advocates for older adults to be included in

HRI robot interaction design, ensuring that they are empowered and respected in design processes
with a voice in the design of teeblogy as these technologies will influence their world (Knowles et

al. 2021) The robotrapidr ot ot ypi ng sessions expand beyond us
et al., 2010). Situating this session within a yleag cedesign process also promomasstained user
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engagement in the process (versus sporadic engagement) to better support user empowerment and
users directly influencing designs and the design process (Ertner et al., 2010; Ostrowski et al., 2021a).
Shifting power dynamics and supportingricipant empowerment can promote joint inquiry and joint
imagination in the design process for improved idea generation and increased user satisfaction in the
final design product (Steen, 2013).

2.3 Participatory Design & Prototyping in HRI

Participatory @sign methods are not yet commonly used in HBRbr{ing & Rose, 2019). Studies in

HRI have utilized participatory methods such as workshops and/or design sessions (Ostrowski et al.
2019; Lee et al., 2017, Bjorling & Rose, 2019), card sorting (OstrowsHi,e2019), sketching (Lee

et al., 2017), storyboarding (Bjorling & Rose, 2019), 1pl@ying (Bjorling & Rose, 2019), and lew

fidelity prototyping (Bjorling & Rose 2019; Lee et al., 2017). Ostrowski et al. (2019) and Lee et al.
(2017) have specificallyraged with older adults in participatory design workshops including an
experience with a social robot (Ostrowski et al. (2019) was a 3-lwagkexperience; Lee et al.

(2017) dedicated a workshop to learning about social robots);sodidg, and sketchgy. These
participatory design workshops did not engage older adults in prototyping interactions on a social
robot and/ or did not provide an opportunity for
interactions on a social robot. Our work soughtexplore how to more deeply engage with older
adults in the calesign process with older adults living with a social robot in their homestéomy

and engaging in a hands rapidprototyping experience. While participatory design andalesign

can shit power dynamics and empower participants resulting in successful design outcomes, it can be
challenging to keep participants engaged in the process and/or feel valued in the design process. An
additional challenge for HRI is that there is a lack of methagies and robot platforms that allow for
prototyping and programming of the robot by rexperts that can often limit robot design that
supports experiendeased cedesign. Our work incorporates a rapid prototyping experience to help
support older adudtd6 e x p e r i edesige pracess andpeomateoolder adults feeling valued in

the design process.

3 Methodology

Over the course of a year, twerdight older adults, ages between 70 and 94 (mean: 79.5, std: 7.8;
female N=15, male N=13), participated in thedasign process (Ostrowski et al., 2021a). The co

design process had 7 stages including interviews, artmaking ost i ng a soci al rob
homes, prototyping interactions on the robot, and creating design guidelines for future robot designs

(for more details see Ostrowski et al., 2021a). The robot-@pithtyping session occurred after the

robot hosing experience where participants lived with a robot in their homes for at least a month,
gaining an understanding of what it would mean to live with a social robot and allowing participants

to create a mental model and knowledge of social robots amdi#sied functions. Participants lived

with a conversational social robot, Jibo (shown in Figure 1), in their homes for at least a month. The
robot has a lively persona with touchscreen and a three defjfieeedom expressive body and has
interaction futions such as chithat, physical and mental activities, information retrieval,
entertainment, daily check ins, etc. The goal of the rppitotyping session was to build upon the

mental model and knowledge of the robot gained during the robot hostisiprseto allow

participants to independently prototype interactions on the robot i reaine , embodying par
desired functions for the robot.
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Figure 1. Participants programming desired interaction designs using the Interaction Flow Editor (Huggins et
al ., 2021) t hat can play interactions f#fAlived on t he
participants in programming the robot

In the sesion, participants learned how to program the robot, designed interactions for the robot,
played the interactions live on the robot, and iterated upon the interactions until they represented their
ideal interaction. The session included multiple componéatsllow for iteration and tactile
prototyping through programming the robot. The structure of the session included two components.
Before the session, participants reviewed a script of 14 proposed interactions that could happen with a
robot throughout aay. The script covered potential robot application areas including assistant

and companiotlike functions, medication adherence, emotional wellness, exercise, memory support,
and mediating social connection with others. Participants edited thessamightshared their thoughts

with researchers on the interactions. These revised interactions served as a foundation for the activity.
Researchers incorporated the participantsd intei
participants to wde from in the session. This provided one round of iteration. The second round of
iteration occurred during the rapid prototyping session using the Interaction Flow Editor (Huggins et
al., 2021). The interaction flow editor is a graphical rgmidtotyping tool for robot interaction
developed by the Personal Robots Group at the MIT Media Lab to empower more people to program
social robots. Participants saw their first iteration of the interactions on the robotimmeand then

could iterate them by proga mmi ng t he robotés interaction as ma
desired interaction design (Figure 1). To support participants in programming their own interactions,
the researchers led participants through a demo of the flow editor andppaitsotompleted a tutorial

to familiarize themselves with the tool. After the demo and tutorial, participants began to program
their interactions. After each interaction, participants were asked what they thought about the
interaction and what they wouldké to change about the interaction. Researchers also asked
participants questions about the overall process and experience after all the interactions were
completed. Questions included what participants thought about having the designed interactions
portrayed on the robot, what changes participants decided to make and why, what they thought about
their final set of interactions designed on the robot, what participants thought was the next stage of
development for the interactions, and what did they thbdutathe process of programming the robot.
Lastly, participants reflected on the session discussing what they liked about the robet rapid
prototyping session and what they would change about the session.

This session lasted on average 79.37 minutes argl amdio and video recorded. Of the 28
participants in the cdesign process, two were unable to participate in the robot prototyping session
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and two couples decided they would like to design the interactions together. Therefore, there was a
total of 24 rajd-prototyping sessions. The dataset includes screen recordings of the prototyping
session, transcripts, and the designed interactions. The interactions were annotated by two researchers
and analyzed for changes made across each iteration (such as auutlifging, or deleting flows)

and the overall design concept. Participantsdé d
program the robot, what it meant to be a robot programmer, and design interactions were also
analyzed. The two researchers disged the results and resolved any disagreements, similar to Daly et

al . 6s (2012) coding approaches.

4 Results

Participantso6 | ived experiences with the social
design, create, and build their ideal interactidar the social robot. Analysis revealed several key
areas of focus including participantsd question

the cedesign process.

4.1 Questions

Throughout the activity, participants asked questions asl#aeged to program the robot, including

about the process of programming a robot and how to conceptualize a design idea. A thematic
gualitative analysis approach was used to extract themes (Braun & Clarke, 2006) in the questions
asked by the participant®lder adults asked a total of 47 questions across 6 different areas (Table 1).
Questions throughout the sessions demonstrated how participants further deepened their knowledge
about programming social robots and how best to embody their design in thantetaations.

Table 1.Types of questions older adults asked while designing the robot interactions

Question Type Definition Example

Robot Behavior Questions regarding the robot playing out the | fiCan | ask you a question? When

Clarification interaction. he starts talking is that in respons|
to something I've done or he just,
has | i ke moti on
AThe | ight ring

about the blue light [on the
robot]?06 (P29 &

Editor Tool Questions regarding the flow editor ttre screen| A Wher e do you s
Clarification and its usage such as about restarting the floy i Can | move t ha
saving the flow, moving blocks, block meaning (P08)

connecting blocks, typing in the flow editor, an
volume adjustment. This theme also related to
guestions about how the user locates themsel
in the system and how the interaction editor flg
translates to the embodied robot.

Instruction Questions asking for clarification on the procey fiSo what you want me to do is

Clarification or steps the participant should kg in the come over here
session. (PO5)

Interaction Design | Questions that are asking how to achieve a fiwill that be connected to my

Clarification specific feature or action in the robot or the schedule?0 (P14

context the flow would occur in. These tend to
more future focused then what can currently b
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done in the prototyping phase.

Expertise Questions about the rfiSo what's your
background. (PO7)

Error Questions for what happens if the participant | iwh at i f | make
makes an error

Programming Questioms strictly related to the robot's fiSo does he, is he programmed t

programming.

same way [as th
(P25)

4.2 Core design actions

Between iterations and during the session, participants refined their interaction flows (Figure 2) and
iteratedupon them (Figure 3, 4, and 5), using a multitude of design changes to best create their
intended interaction for the social robot. Researchers analyzed the flows to identify how participants
were refining their interactions, revealing 6 core design axtidmt participants used: (1)
adding/deleting comments that provided notes or added context to the interaction scenario; (2)
adding/deleting action/speech boxes (therefore, adding or removing actions for the robot to complete);
(3) deleting an interactiorfd) adding/removing back and forth conversation between user and robot;

(5) adding/deleting branching allowing/disabling for multiple types of responses; and (6) rewording
speech boxes (therefore, rewor di ng oftséme ofthese ot 6 s

core design actions can be seen in Figures 3, 4, and 5.

cccccccccc

Jibo-Speak

pr— N e :
So-Speak
’4

Figure 2. Examples of programmed interactions created by participants. The programmed interaction on the left
is a robot interaction that has the social robot provide a dinnper&cthe user. The programmed interaction on
the right has the robot describe the daybés events

medication
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Table 2.0l der

adul t so

cor e

actions duri

ng

rapid

prototypi

. Percentage of : . Percentage of
Action older Adults Corresponding Action older Adults
Adding comments 50% Deleting comments 41.7%
Adding action/speech 62.5% Deleting action/speech boxq 50%
boxes
Adding chkandforth 41.7% Removmgbackandforth 20.8%
conversation conversation
Adding branching 20.8% Deleting branching 41.7%
Deleted interaction 45.8% - -

Reworded speech boxes | 91.7% - -

In addition to these smaller iterations to the flows, participants combined core actions together to (1)

significantly

change the i

nt eract.i

ons?©o

i ntent or

boxes or rewriting the text and/or (2) remove robot proactivity, i.e., robot initiation, of the interaction.
Participants would also change the contiotaof the interaction utilizing the 6 core actions such as
making the interaction more or less conversational and social, or incorporating in afikestasks.
Overall, participants made 267 core actions to their flows (average of 11 (standardmtevid) core

actions per
in Table 2.

Jibo-Speak |
5| Jibo-Easy-Listen

=
Original Script
Figure 3P0 9 6 s

fl ow

person). A detailed

Iteration 1

iterations that

breakdown

Iteration 2

depict

Jibo-Speak

an i

of t he

nteraction

andreminds them about their medication. In the first iteration, P09 personalized the medication to be taken and
included options for getting information on the medication dosage and the user confirming with the robot that
the user took the medication. In teecond iteration, PO9 modified the interaction to only have a reminder for
the medication (no dosage information) and kept the user confirming with the robot that they took the
medication. The user can also inquire later about medication informationiresldes
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JJJJJJJ

Original Script lteration 1 Iteration 2

Figure4.P2206s fl ow iterations for a robot interaction at
wakes up the user and asks how they sleep with addit
iterate the interaction in the firgeration. In the second iteration, they deleted parts of the flow to simplify the
interaction with the robot asking if the user was awake and then leaving the user fodefinger period of

ti me, instead of inquiring about the userds night of

; Begin
¥
Ros-Connect
T “chime of notification** {—‘ ) *“chime of notification**
Jibo-Audio I {Jibo-/&udlc ¢
{ —
| Jibo-Speak Jibo-Speak
[ when the image comes, lext should be on the scremv]

i R
Jibo-Speak
End ——
Jibo-Easy-Listen

(ves) (no)

Original Script ‘\Ji.w.@ W’W

=i

l Wsasyumn
v‘
Jibo-Speak
l_;

Ros-Connect
=

i

Ros-Connect

also displays message on the screen

SIS ( “*chime of notification**

¥

( Jibo-Audio }

o
‘ ip— |
Y
L ,:(-Jlbo-Speak Y |
| Jibo-Speak -
( i Jibo-Speak }
End
End
End

Iteration 1 Iteration 2

Figure 5. P11 and P126s flow iterations for an interactio
robot reads the message aloud to the user. P11 and P12 modified the interaction in their first iteration to be more
direct through text rewordingn t h€pé@dkbdobl ock. I n the second iterat
interaction to include the robot asking if the user wants to reply to their friend, transcribing the reply that the

user desires to send, and, then, sending the reply to the frien
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4.3 Reflections on programming robots

After programming the robot, participants reflected on the difficulties and concreteness of the design
process and how the experience empowered them and increased their knowledge of social robots. A
grounded theory qualitative analysis approach was usesléal salient themes (Charmaz, 2014) in

18 participantsdé reflections (4 participants did
theme areas that older adults reflected upon including (1) reflections on the flow editor rapid
prototyping gstem, (2) the impact of seeing programmed interactions live on the robot, (3) how the
session empowered them in the design process, (4) feeling like -axpert, and (5) how the

experience translates to the future. Fértp ur per c ent lecfion geacrived aspegissoht s 6 r
the flow editor system such as the eabese of the editor, how the system provided the ability to

change or adapt the robot interactions, what was difficult to operate in the system, and sometimes
doubting if they used theysst em #fAr i @hroéi diP@&nt s al so menti on:
embodiment or ability to play out interactions or program live with the robot impacted their

experience of the design process (50%). PO2 c¢omi
robot], it's more realistic. When you heard it,
menti oned, niit helps to have the written word t

woul d work. o0 Most part iunessafseeisgthe mteracgonstembdiesion t h e
the robot and how that feature played a key role in their design iterations. Seventeen percent of
participants also commented about how the rapid prototyping experience could translate into the
future. PO5commnt e d, Althe prototyping] |l ays out a pat/l
P0O8 mentioned how they could interact with proto
it again three more times andwhoédemaké&nawkcedgen
think basically [the rapid prototyping] worked w
In addition, participantsinterwove their experiences living with the robot prior to the rapid
prototyping session to further describe their designs on the robot. Thas¢ookehe form of stories

that participantsused to convey a point relevant to the programming of the robot (see also Ostrowski

et al. 2021b) . PO7 described how Ain some ways
AHe [the roadyt[dilde&le.s Te pflir st ti me | sai d yes
thought the dice were going to fall on the floor. It was so loud. And when | showed my friends that,
they canot believe this. o P07 fanmihgpane didesigp wi t h
experience: Al think I ém contributing something
doing? | say, well, I go to [MIT]éand we di scuss
Jibo was very intellectual. fhewaslae t o do [t hese programmed thing
has the brain power to do any of these things |

story around Iiving with the robot: il tldugh ki nd c
a bunch of times éEvery once in a while youbre |
pictureéodo They then discussed the value of perso
more personal and if you can programitaedsdi gn it for what you need?©¢él

with that cause | havenét really explored itéodo L
programming, AEven though [programmi ngos] Si mpl e
therear e so many branches that you can go off on &
|l ayerséltds |i ke so many subtle things. That wo

examples of howparticipantsweaved stories of living with the robaito designing and discussing

new features of the robot, what needs to be programmed, and how they are contributing to the design
process.

Throughout the activity participantsr e f er r e d to theampeeltwds i ms piiogm
doubting their abilityto program the robot or perceiving the experience as an educational opportunity
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(38. 9%) . PO7 commented to the researcher in the
because you're the designer. o, and rPeRp@riecneend P31
programming, and it's very fascinating for me and extremely educational and fun. Very impressed
with the insight, the ability to navigate and un
referring to the researcher asanexpertounder | i ning they hadnodét progr e
of viewing themselves as naxperts, the interaction flow editor and prototyping session allowed
participants to learn how to program the robot and independently prototype interactions. Edtyt per

of participants commented on how the session empowered them indesiga proces$articipants

described that the hands programming activity increased their knowledge of social robots that they

could leverage in the design process. P23 commenteo n how they Al i k[ ed]
programming process, because itdéds something [the
mystery out of itélt gave me a Ilittle insight i
mentioned that learsningb out programming i s Ausef ul and it gi

goes into making a social robot and a little more opportunity to think what a social robot might be
able to doo, citing how | ear ni ngce.@&bOexpanded uporg r a mmi
this idea explaining how programming allowed them to build a foundation for moving forward with

the project: fi | think [l earning about progr ammi
miracle stuff and how it will flow inah out wi t hout u n d Partisipaatsaldoi ng s o1
expressed how the programming and prototyping component made them feel empowered and valued

inthecedesi gn process: néthis really makes me feel
that @@umi ons matter andéthateéeven though weore
|l i ke our son, that we were stil!]l about to do so

Further examples can be found in Ostrowski et al. (20Ra&jticipantsalso mentioned that they

wanted to continue building on their new programming skills with future programming. P05
comment ed t hat t hey Awoul d be willing t o pl a)
interactions] él even hav&Ovaall patipipaotpwere keaytproud ofc an u
the interaction designs they developed and felt valued and empowered irdibsigroactivity.

5 Discussion

In this work, we sought to answer in a rapitotyping session how do older adults design robot
interactions supported by lived experiences with the technology (R1) and how do older adults relate to
being robot interaction designers after engaging in ¥ppdtbtyping of robot interactions (R2). The
following discussion sections are structured arothebse questions and explore howdasigners
engage in design similarly to traditionally defined designers, how lived experiences supported
participants in the interaction design process, and howes@n activities can be structured to
promote older adts and others as robot-cesigners.

5.1 Co-designers & designers

Participants in the rapidrototyping activity created interactions on the robot by engaging in six core
design actions (Section 4.2) and combining the core design actions together to achieve their design
goals. They also engaged in behaviors and desiirites similarly to designers as has been reported

in design research literature. Researchers have studied how designers engage with tools or design
strategies. Prototyping specifically has been explored as a design language (Cross, 1999a; Ullman et
al., 1990) and as a source of knowledge for furthering the design process (Houde & Hill 1997). Our
work reveals how older adults used prototyping interactions as a way to express their desires and
envisioned functions for the social robot. By using the flowoedolder adults could craft their own
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experience of what a robot should be, resulting in an implementation and role prototype (Houde &

Hill, 1997) that both reveal the functions desired in the robot and how the design would fit into
context with theirives. It also captured if the design would not fit into their lives as was seen when
participants deleted flows completely or changed the meaning significantly from the first design
iteration. Some of partici pant s ontscaodrs@nificeetlg i gn a
changing the meaning of the interaction, espoused thtk€s i gner 6 s designerly w
(Cross, 1999a) as they justified their iterations made to the flows leveraging features such as
comments and rewording speech boxes infline editor. In this way, participants found ways to

express their desired intentions for their flow diagram, even if they were unable to embody the new
design iteration using the flow editor. They worked with the system to ensure their design ideas could

be communicated to others for future iterations and prototyping of the design.

Another design behavior that participants engaged in was problem framing as evidenced by the
questions that were asked during thedesign process by the participants (Sectidr). Participants

used guestions as a way of clarification when working with the system but also as a way to frame and
scope the problem they were addressing with the design iterations. For example, P14 and P15 asked

A wil | t hat be ¢ onlnee?cot erde svhiatphi nmy tshcehepdruo bl em s p a«
multiple devices as a requirement. P25 redeveloped the problem space considering the type of
conversation they would have with the robot ask

shouldi t do?0, and considering how the robot woul d
adjust their designs (solution space) to ensure that the interactions were designed with respect to the
robotds ideal capabil i ti eshe sessiona and througle thes designon  w

iterations, questions were used as a way to take a current problem and design solution scope, gain
information on the process or purpose of an interaction, and then reshape the problem and design
solution scope. This wadso evidenced when participants engaged in design actions like changing the
meaning of an interaction flow, deleting an interaction flow, and redesigning interaction flows. These
behaviors reshaped the problem and solution space across the sessiorhenéaeit individual
interaction that was desi g reeltion of proablére and sofuipn Ma h e r
spaces in the design process (Dorst & Cross, 2001). There can be barriers when engaging in problem
reframing such as fixation on an ideazoproblemsolving mental model of design (as seen between
clients and designers in Patton & Dorst (2011)
engagement throexgh|l areisreqariche , alfictor act conjectur
Al amggcecr eati ono (Patton &dedigo precess with ®ldet pdults, wa o ur
mitigated these barriers with older adults by having a lived experience with the social robot before the
rapid-prototyping session to develop their mental model of distem and provide contextual
engagement of what it would mean to have a social robot in their home. This lived experience also
supported a language of-ceeation that researchers and older adults used in the pagiatyping

session to communicate argimbody ideas in the interaction flows. Within the sessions, the
interaction flows acted as a method for researchers and older adults to explore the abstract design
space of what a social robot could be designed to do in future designs. Older adultscezbisgtal

methods and activities that are common with designers, expanding who can be called a technology
designer in the field of HRI.

5.2 Rapid-prototyping connected to Research Through Design

The participants embedded their desires and embodiments aif imderactions through the rapid

prototyping process and embedded design knowledge into their final designed interactions (Cross,
1999b) , supporting Zi mmer man et al . 6s (2007) m
production of artifacts. Zimmermae t al . 6s (2007) research throuc

204



researchers to identify new opportunities for technology that will impact the world, provide
inspiration and direction to engineers in the design of technologies, and understand unanticipated
effects of these technologies incorporating aspects such as social context and target users. In the

rapidpr ot ot ypi ng sessi on, participants designed ro
equal o (Zi mmer man et al ., al@he vaJue of ledarding abeus low r c h e r
robots are programmed, saying A[the flow editor]
understand what ités doingéltdés a whole breadth
interesting to see lva t [the robot] knows. o0 P29 also expre
i mpressed with the insight, the ability to navi

upon this highlighting that the dedthegpfeelparocess
of this whole study and [they] appreciate thaté
programmer séodo Sentiments such as these demonstr

robot, older adults began to view themselvesafic ol | abor ati ve equal so of t
the rapidprototyping session aligns with research through design in two ways: (1) the intent of the
rapidpr ot ot yping session was to produce insights

desred interaction design for social robots and the assumptions embedded within them; and (2) the
lived experience with the robot allowed participants to study a social robot in their world and make
changes and design upon that to affect change in the{Ziifiemerman et al., 2007). The outputs of

the robot prototyping session also allow researchers to identify new opportunities for social robots
that will affect how social robots impact social contexts and provide future direction for engineers to
developsci al robots, aligning with research through
Zimmerman et al. (2007) outlines four criteria to evaluate design research contributions such as our
work with rapidprototyping: process, invention, relevance, amtensibility. Forprocess the main
objective for the rapigbrototyping was to understand how older adults design interactions for social
robots. The process included two design iteration points and opportunities for building capacity
including demos antutorials. Forinvention this work revealed how older adults design interactions

for social robots and how older adults desire social robots to be designed for a range of interaction
types. The programmed interactions represent the ideal interactigm desa robot interacting with

them over the course of the day. Felevanceit is rooted in the need for more voices to be heard in

the technology development process of social robotsdeé3@mn has been recognized as a beneficial
design process for gaging older adults in the design process of technologies (Harrington et al.,
2018; Harrington et al., 2019). Previous technology experiences and lived experiences can inform the
design of technology and provide a foundation for older adults engagingl inoatributing to ce

design technology processes (Harrington et al., 2018), as demonstrated in how the social robot lived
experience was leveraged in the rapidtotyping process in their interaction designs. For
extensibility the output of interactionrptotypes and designs support the extensibility of this work.
Therapidpr ot ot yping session amplified ol der adultso
robots and shifted perspectives of who can be considered a robot interaction designer in HRI.

5.3 Supporting cedesigning prototyping experiences

Designers, in addition to prototyping and problem framing, build capacity and develop expertise for

how to design solutions for complex problems (Coyne, 2005) such as designing robot interactions for

a socal context. To fully support older adults in the-aesign process, the robot lived experience

served as a method for building capacity (Dombrowski et al., 2016) to inform their design process in

the rapidprototyping session. For almost all of the papits, this was their first time programming

a robot and designing Adliveo interactions for t
learning how the system works and how it influenced their design iterations, evidencing that they built
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capaciy during the rapigpr ot ot yping session as well. Thi s we
guestions during the sessions that inquired about the interaction flow editor, how the flow editor
Airelayedd the interaction t o dtilteeactionodbsmns,in tend h o
system. The overall structure of the rapitotyping session and engagement with older adults

through the session suggest that the session took the format of aohaprdgectbased learning

experience for the edesignersf ur t her devel oping t-waldill-dedifed | i t i es
problemsdo and fAoffering opportunities for devel
t hought and communicationo (Cross, 197¢sh@sa We ha

method to support older adults in thea®sign process and provide diverse sets of activities for older
adults to engage in design in multiple ways (Ostrowski et al., 2021a). While participants mentioned
the value of the learning experience anditgtto design interactions on the robot, some participants

also referred to themselves as fexperts, or those that cannot or should not program robot
interactions because only experts such as computer sciences are able to program. It is critial for us
consider how we can structure-design processes to make-amsigners feel valued for their lived
expertise and tacit knowledge they bring to the design process and consider how feeling like a non
expert or someone who camayaffebteed asidgseégeaé@r desi gpm
Additionally, it is important to note how hanrde design processes in participatory design and co
design can not only result in design artifacts that inform future design iterations but these design
processes atsserve as a design education experience that supports capacity building, creates a sense
of ownership in the design of the technologies, and helps balance power dynamics between
researchers and participants (Coyne, 2005; Steen, 2013; Harrington e @l.Datnbrowski et al.,

2016).

Overall, in the rapigbrototyping experience and larger-design process, a core tenet (as with most
participatory design and etesign) was empowering -@esigners, specifically addressing power
balances between researchams cedesigners and strengtheningthecce si gner s6 positi ol
al., 2010). The tutorial at the beginning of the session allowatesigners to build capacity for how

to design the robot interactions using the flow editor. While the participasitive robot programmer

and directed the designs and iterations for the session, the researcher was available as a resource that
was often used as evidenced by the question behavior of participants. Thproapigping session

served as a source of empaEwent in the larger edesign process as expressed by participants when

they reflected on the session and what it meant to be a robot programmer. Several participants cited
that the session provided insight for their designs and the programming of dhederystifying the
technology overall. It also allowed them to feel a part of the study, signifying a greater feeling of
empowerment in contributing to the design of the social robot. This shifting of power dynamics
promoted joint inquiry and joint imagation in the design process strengthening the design generation
process and hopefully leading to social robot designs that will increase user satisfaction in the final
design product (Steen, 2013).

5.4 Future work

This paper focused on how older adults aglesigners designed interactions in a rgmiototyping

session and how they relate to being robot interaction designers. Future work could explore
interactions across application areas of focus (i.e., medication adherence, social connection, etc.) and
themes relating to specific application areas. The core actions could be further explored to understand

if there are patterns for how older adults were designing their interactions such as some people
leveraging comments more than others or some people wsimyding more than others. Building

upon research through design objectives (Zimmerman et al., 2007), future work could further
investigate how the edesi gner s o i nteraction designs may h

206



unanticipated effects of sociabbots. Reflecting on the value of the rapigtotyping session in
empowering older adults as-designers and making them feel valued in th&lesign process, we
would recommend that in future social robotd=sign processes, ragidototyping or simiér design
activities that involve programming robots are incorporated multiple times intetéomgpartnership

with co-designers. Researchers can also explore various structures fopn@piyping sessions,
having a mixture of structured design actest such as tutorials and more ofed and specific
application area focused design prompts. Future
tangibility on the cedesign experience and how varying robot embodiments may affect and differ
betveen different application areas of robots. Overall, the rpmtbtyping activity was embedded
within a yearlong cedesign process and, as of writing this paper, the researchers -dedigoers

are still working together. We support future-aesign egagements that support sustained

engagement with communities (OstrowskKki et al ., 2
and developing opportunities for people to fulf
(Dombrowski et al.2 0 1 6 ) . For HRI , t his can be realized a

people take advantage of opportunities by creating platforms for participation addes¢lfe r mi nat i on
(Dombrowski et al.,, 2016). Through promoting sustained engagement with cotiesiuand
democratizing how people design, we can reshape the notion of who can, should, and is a robot
interaction designer. We hope that with our work, we have amplified this conversation.

6 Conclusion

This paper provides an-thepth exploration of oldeadults as calesigners of robots, revealing how

older adults wish social robots to be designed and how older adults can be supported as designers,
valuing their built technology experiences. Our dataset and results demonstrate the value of
incorporating rnethods that allow users to design and program social robots and the value of co
designing longerm with users to guide technology design. Overall, we advocate for sustained
engagement with communities and users througtiesign, participatory design, ahdmancentered

design, empowering users, such as older adults, to be designers of robot interactions, expanding who
can be called a technology designer.
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Exploring the effect of team composition on creativity in design
idea generation
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Abstract. Teamcompositionaffects the performance, including creativity, of teams in design tasks as in other
tasks. Existing research presents mixed results on the impact of team composition on creativity. In this paper,
we conduct an empirical study to investigate ithpact of three different team categories on creativity: teams
composed of designers only, teams composed of designers addsigners, and teams of ndasigners only.

18 volunteer dyads completed a short design ideation task by generating solatmrigeessed through quick
freehand sketches and/or texts. Three expert judges scored the ideas in terms of originality, usefulness,
compliance with requirements, and in addition assigned an independent subjective creativity score to each team.
Fluency ad rareness of ideas were also calculated. Findings indicate that mixed teams got the highest scores in
almost all variables, thereby adding to the literature that favors mixed teams for increased creativity.

Keywords: Creativity, Design idea generationedm composition

1 Introduction

Designis increasingly dealt with by teams that are often composed of additional actors beside
designers. A variety of professionals step into the domain of design, resulting in larger access to
knowledge and informatiorand wider insights into the design afgé#éedtka, 2018; Yilmaz & Daly,

2016) The diversity of team composition has an
creativity. This issue has been amply researched in many domains that experience a similar
expansion, but not so in design. In this study we investigate the impact of multidisciplinary
backgrounds on the creativity of design teams.

Many students of problemolving view diverse expertise in teams as a contributing factor to
creativity, under thehypothesis that integrating knowledge, skills and experience from different
domains and perspectives increases the quality and creativity of prebleimg (De Dreu & West,

2001; Menold & Jablokow, 2019; Shin, Kim, Lee & Bian, 201 ough studies haveiggested that
multidisciplinary background may indeed contribute to creative perform@uygarwal & Woolley,

2019; Chen, Liu, Zhang, & Kwan, 201@)iversity in general has also been shown to cause significant
difficulties in communication and team colms{Aggarwal & Woolley, 2013; Ancona & Caldwell,

1992; Lovelace, Shapiro, & Weingart, 2001; MisBpektor, Erez, & Naveh, 2011; MirgBpektor &

Naveh, 2017; Srikanth, Harvey, & Peterson, 20I&)e positive or negative effects caused by
diversity may preail or be counteracted, but which of these effects is predominant is uncertain and
depends on a host of factors.

Design is associated with a specific way of thinking that distinguishes it from science and art and
makes it difficult to predict how diversand multidisciplinary backgrounds may affect design
performance. Research on this topic is still scarce in design. Design problems are almost always ill
defined and ilistructured, which means that they can have many possible solutions and that the way
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to solve these problems is not known ahead of {i@ress, 2018; Kokotovich & Dorst, 2018)nlike
traditional problem solving wherein the problem is defined and problem solving favors the application
of tested methods to reach a solution, design proBlEung often starts with exploration,
experimentation and framing in order to reach a problem definition, which is tentative and flexible,
and may change in the course of the search for a sol(@imss, 2018; Lawson & Dorst, 2009)
Moreover, designers utde rapid sketching to explore the ambiguous and uncertain nature of design
problems, which gives them an edge over-derigners who are not necessarily skilled sketchers
(Brun, Le Masson, & Weil, 2016; Cross, 2018; Menold & Jablokow, 2019)

Therefore, itis not surprising that we find a tendency among designers to prefigsadiners teams

over multidisciplinary (or other collaborative design by designers andlesigners) teams. A study

by Ertmer et al. (2008has shown that professional skilled designand welbrganized inventories

of domainspecific knowledge have an advantage in achieving a high level of creativity when facing
design problems. However, there is some evidence that having experienced work in mixed teams,
designers (and nedesignerktend to favor them over wdiisciplinary teams (Santandreu Calonge &
Safiullin, 2015).

In this study we focus on idegeneration in design, resembling informal brainstorming, and not on a
full design process. Therefore, we conduct an experiment usingpiesand short exercise, requiring

no specific prior design knowledge, that allows us to test the preliminary reactions of teams and their
intuitive design responses (ideas) to a design challenge. We investigate the impact of
multidisciplinary backgroundes n t he <creati vity of design teams i
scores of originality, usefulness, and compliances with task requirements, as well as on calculated
scores of fluency and rareness of t hel teanssa ms & i
wherein members with a design background work with members with no such background, but who
are skilled in a different domain (Harrison & Klein, 2007; Boon, Van Baalen, & Groenier, 2019).
Because the exercise was very short, we cannot talk oflistgalinary or tranglisciplinary teams;
6teams composed of diverse backgroundsd® woul d he
mean many things, we revert to multidisciplinary (as opposed tdlisciplinary) teams. We refer

only to disciplhary diversity, not to other differences such as cultural, ethnic, personality or other
differences.

Our research question is thus:

What would be the team composition that yields the highest level of team creativity in design idea
generation, and in whairder do the other two teams follow?

2 Literature review

Team creativity can be referred to as the development of diverse kinds of team thinking that generate
useful and novel ideas within a complex contdir(zberg, 200p Team creativity emphasizéise
importance of pooled resources and divergent thinking that each team member brings to the table.
Recent studies on creativity have called for attention to factors affecting team creativity (Shalley,
Zhou, & Oldham, 2004), stressing the influence ofrte@omposition on its creativity (Hansen &
Levine, 2009; Hisheger et al., 2009).

In general, team composition impacts team output since it affects the amount and diversity of
member s6 knowledge and skills applied to the ta
Previous research differentiated surféeeel composition variabte like overt demographic
characteristics, from dedpvel composition variables that are underlying psychological
characteristics such as personality factors or values (Bell, 2007). These composition variables were
regarded as critical to the ability toaat diverse perspectives, knowledge, and experience, as well as

to the potential to promote unusual ideas, thus promoting team creativity. Some scholars suggested
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that homogeneity facilitates creativity because team members can easily communicate acid inter
with each other (Bell, Brown, Colaneri, & Outland, 2018). Others argued that heterogeneous teams
with members from different backgrounds are more likely to expand the boundaries of problem
solving, which may eventually generate more creative ideasit albthe cost of possible conflict
(Somech & Dracfzahavy, 2013 The effect of team compaosition on team creativity is inconclusive.
Because the variables in teams may pertain to many different causes, it is practically impossible to
flatly compare multlisciplinary and undisciplinary teams in terms of creativity and particular
variables must be defined for a comparison.

Alves, Marques, Saur and Marques (2007) stated that with dissimilar points of view, expertise and
relevant information, multidiscipliary knowledge would increase novelty and creativity in mixed
teams and would be crucial to consider in probtanving. ReitefPalmon and Leone (2018) argued

that owing to their domains of expertise, multidisciplinary team members think critically alydeana

ideas from a variety of perspectives available to them, thus providing a more precise evaluation of
concepts, leading to better choices of solutions. Aggarwal and Woolley (2019) reported that cognitive
diversity enhances team creativity by facilitgtithe detection of cognitive resources. De Dreu and
West (2001) suggested that multidisciplinary knowledge is more likely to integrate the probably
conflicting points of view of team members, through sharing information andrebslant
knowledge, helpingo avoid fixation, thus enhancing creativity.

However, other scholars were suspicious of this positive viewpoint and reminded readers that many
case studies revealed that knowledge of diverse disciplinary origins among team members may cause
conflicts aml misunderstanding, which mitigate creativitfawlina, Gillespie and Zittoun (2019)
argued that diversity may decrease cohesion, information sharing and motivation for discussion, and
increase coordination problems and communication conflicts, leadiagngative effect on team
creativity. Aggarwal and Woolley (2013) suggested that even though multidisciplinary knowledge
was predicted to enlarge the available knowledge and improve prsbleing performance in a

team, this same multidisciplinary knowtgelcan adversely affect group processes

Designers solve problems in a different manner than scientists, artists, and many other professionals
(Cross, 2006Porst, 2011; Dreyfus, 2004; Lawson & Dorst, 200®)oss (1982, 2006) stated that the
Afdesi gnyesgs |l gf wknowi ngo, a term he coined, are a
practicebased methods that distinguish designers fromdesignersThey also have a specialized
exploration tool: sketchingSketching, as a basic professional skilldesigners plays a vital role in

the early idea generation phase. Sketching provides visual representations that support iterative efforts
to develop ideas, facilitates the oscillation between different modes of reasoning, and helps designers
discover umitended consequences of their acts in a reflexive dialogue with the situation (Cross, 2018;
Goldschmidt, 1991; Schon & Wiggins, 1992; Harkki, Seitaidalikarainen, & Hakkarainen, 2018).

That is, sketching acts as both a thinking tool and a communicatibth&t designers use to converse

with themselves and others, thus greatly aiding the process of idea generation and reasoning about
them (Ainsworth, Prain, & Tytler, 2011; Mao, Galil, Parrish, & Sen, 2020; van der Lugt, 2005). The
nature of problensolving in other disciplines does not often require visual representations and
therefore most nedesigners are not experienced in using sketching in their predasimg routines.

In the field of design not much research has been conducted on the crégdivitpomposition issue.

One related study by Badi&chaub, Goldschmidt, and Meijer (2010) found that cognitive conflicts in
teams were responsible for more creative design solutions. This finding supports the view that
diversity in team composition can creat positive environment of debate and controversy, in which
ideas synergistically resolve into more creative outcomes than would emerge in more homogeneous
teams. Brown and Katz (2011), who come from the domain of design, explained that creativity is
fostered by interdisciplinary teams at wor k; such
teams because of the disposition for collaboration of its members, who experience collective
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ownership of, and responsibility for, their ideas. It is veryidiff to find empirical studies on mixed

teams vs. other team compositions in design. One study that did undertake the challenge is by
Christensen and Ball (2016), who found that unique knowledge backgrounds fuel dredegy
creativity in design contextsSantandreu Calonge and Safiullin (2015), who sought the opinions of
students from diverse backgrounds on-linacoblrger eati v
they participated in. The students came from various cultures, disciplines, anda@gucdtindings,

and answered a purse and post course guestionnaire regarding their expectations and experiences
in the teamwork they engaged in. They found that while thepuese questionnaire expressed a high
level of suspicion and disbelief indlpotential success of the collaboration in mixed teams, the post
course replies were very positive and indicated a high level of satisfaction.

The current research focuses on ideaeration in design by differetytpe dyads (in terms of
discipline only).We inspect whether, in a very short exercise, differences can be found between these
dyad types in terms of the creativity of their design ideas while tackling a very simple design task.

3 Method

An experiment was designed to investigate the research question, in which participants were asked to
generate ideas for the solution of a simple design problem in a limited period of time. The variability

in this experiment is in team composition: desigteams, mixed teams, and ndesigner teams.

Team creativity was assessed in terms of originality, usefulness, and compliance with the
requirements, in each concept idea. These variables were assessed by expert designers who served as
judges. As a suppleme we alsoassessed the fluency and rareness levels of ideas in each team
category(see Hsu, Wang, Lin, & Chang, 2018; Nouri et al., 2015). In addition, both judges and teams
assigned each team a subjective creativity score.

3.1 Participants

36 voluntee participants were allocated into tiads (teams of two participant$jalf of them were
designers or had an ample design background; most of them were professional designers or graduate
students in industrial design or architecture. Only a handful wedtergraduate students who were at

least in their third year of studies. All other participants, who were for the most part graduate or post
doc students in scientific or engineering (ra@sign) disciplines, had no design experience at all.
Designer partiipants (N=18, mean age=36 ,39% female) anddesigner participants (N=18, mean
age=28 , 39% female) were randomly assigned to one of three different team categories: designer
teams (six dyads of two designers, N=12); mixed teams (six dyads, each compasesigner and a
nondesigner, N=12); and nethesigner teams (six dyads of two rdesigners each, N=12).

3.2 Task

All teams were asked to design a table lamp for an exhibition of bamboo products. The allowable
materials for the lamp consisted oftural bamboo canes with a diameter of up to 100 mm and a wall
thickness of 610 mm, metal wire of 1mm diameter, glue, electric circuitry, and a light bulb. Bamboo
could be cut crosswise or lengthwise and could be drilled and bent. A design brief inthedtagk
description, the timetable and bamBoending illustrations was provided in printed form. The task
was chosen because although it is very simple it also affords innovation opportunities. No knowledge
beyond everyday common knowledge is requirbds it is accessible to designers and-designers

alike.
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3.3 Experimental settings

Each team tested separately by an experimenter who handed out the design brief to each team and
explained the procedure but did not intervene in what the particigaht§eam members were asked

to engage in conversation with each other during the whole session, which was videotaped with a
single camera pointed at the desk surface on which the participants worked. In phase one, teams were
instructed to spend 8 minutgenerating as many creative ideas as possible and sketch them, adding
text if they wished. In phase two they were given five minutes to choose one of their ideas and
develop it further. In phase three, each team had four minutes to list the main advahthgés

solution and give it a subjective creativity score from 1 (lowest) to 10 (highest). Once participants
finished the task, they were asked to answer a few debriefing questions in which they provided
demographic information and articulated theidifegs regarding the experiment.

Pilot study Before the actual experiment, a pilot was conducted, to ensure the task feasibility and
calibrate the timetable. Three dyads participated in the pilot study, which was not included in the main
experiment analyse

3.4 Judges

All design ideas were evaluated by three independent judges who were blind to team composition and
the research goals. All three judges had several years of professional design experience, one in
industrial design, one in architecture and one in grapliigdend user experience. A training session

with all judges preceded the assessments, which were done individually. In the training session one of
the pilot outcomes was assessed by the judges together, to coordinate their scoring policies.

3.5 Metricsand analyses

3.5.1 Originality, usefulness, and compliance with brief requiremeFtg. three naive judges,

wor king separately, were provided with photocop
sketch per idea, and assessed each idea on the dimensions of originality, usefulness, and compliance
with requirements. A Likert scalef 1 (lowest) to 7 (highest) served to assess the originality and
usefulness of the design outputs.

A scale from 1 to 3 served to rate compliance with requirements (1= not at all, 3= very much). These
scores were subsequently transformed te7astale, ® match the originality and usefulness scores

(IBM SPSS Statistics, see https://www.ibm.com/support/pages/transfodifiagentlikert-scales
commonscalg.

3.5.2 Overall creativityAn overall creativity scorgvas calculated as a sum of originality, wseéss,

and compliance with the brief requirements scores (after the latter scores were transformeti to a 1
scale).

3.5.3 Judgesd indepeddend cndependéngt sapssessment
served as a separate indicator ofativity. Based on their subjective feelings, the judges were
requested to give each team an independent creativity score between 1 (lowest) and 7 (highest).
3.5.4 Par t-scaringpRanrt tsidc i speabrifig svds uslizetl fas another indicator of
perceived creativity. Each team evaluated its creativity with a score between 1 (lowest) and 10
(highest). These scores were also subsequently transformedrits@ale (see details in section 3.5.1),

to match the originality and usefulness scores.

3.6 Fluency

Fluency was measured by the number of ideas generated by each team.
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3.7 Rareness

Flexibility is the ability to develop a solution from muéthgle considerations and to generate
different categories of ideakl$¢u, Wang, Lin, & Chang, 2018; Roskd>e Dreu & Nijstad, 2012). We

addressed one facet of flexibilityrareness, which pertains to ideas that are rare among the pool of all
generated ideas in a specific setting, such as the experiment we conducted. Rareness scores were
computed in two step First, we established a list of features of the designed artifact in question,

whereby features of three parts of the artifactable lampi that is, Base (B), Arm (A), and
Lampshade (L), were coded separately. Each idea was assigned three codmseacie part of the

table lamp €.g9.,B1, A2, L3). Altogether, 27 code combinations emerged. The second step was to
single out infrequent ideathose with a frequency of 1 or 2 (that is, a unique combination of feature
codes that appeared only once, or a combination that occurred twice). We then calculated the

proportion of these infrequent ideas out of all ideas the teams in each team categoayede For

examplet he combi

nati on

of

codes

AB1A4L1o

t hat

desig

and separate lampshade, was generated in an idea by a mixed team and occurred only once within the

sample of all ideas.
To
composition categories.
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Figure 1. Examples of three design ideas. a) Mimsigners team b) Mixed team c) Designer team

4 Results

General noteAll scores were averaged per idea (where applicable), per team, and across each team
category.

4.1 Originality

A oneway ANOVA showed a significant difference between the three team categories (F=2.649,
p=0.076) in originality scores. A pekbc Tukey aalysis demonstrated the main difference was
between mixed teams (M=3.78, SD=0.90) with significantly higher scores thawlesamers
(M=3.10, SD=1.08, p=0.03). However, the ranking differences between designers (M=3.40, SD=1.16,
p=0.32) and nowlesigners(M=3.10, SD=1.08) were not statistically significant. The ranking
differences between mixed teams (M=3.78, SD=0.90) and designers was not significant at the level of
p<0.05 (M=3.40, SD=1.16, p=0.1), but is likely to become significant given a largeresampl

4.2 Usefulness

A oneway analysis of variance (ANOVA) examining the effect of team composition on usefulness
yielded no significant differences (F=0.65, p=0.522) among the three team categories (mixed teams:
M=4.42, SD=0.91; designers: M=4.21, SD=0.8ondesigners: M=4.14, SD=1.20).

4.3 Compliance with brief requirements

The scores for compliance with the requirements of the brief were calculated twice: before and after
the transformation from a3 scale to a-I scale (see section 3.5 above).

Scores before the transformatio® oneway ANOVA showed a significant difference between the
three team categories (F=3.191, p=0.046<0.05) in compliance with brief requirements scores. A post
hoc Tukey analysis demonstrated that the ranking of mixed tddMn2.83, SD=0.30) was
significantly higher than that of nestesigners (M=2.53, SD=0.60, p=0.013<0.05). The ranking
differences between designers (M=2.74, SD=0.38, p=0.061<0.1) andiesmmers (M=2.53,
SD=0.60) were statistically significant. But the kary differences between mixed teams (M=2.83,
SD=0.30) and designers (M=2.74, SD=0.38, p=0.352>0.1) were not statistically significant.

Scores after the transformatiamA oneway ANOVA showed a significant difference exists between
non-designers and mixeteams in compliance with brief requirements scores (p=0.013<0.05). A
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significant difference exists also between tamsigners and designers in compliance with brief
requirements scores (p=0.0061). No significant difference exists between mixed tearasignersi
in compliance with brief requirementsd scores (p

4.4 Originality + usefulness

A oneway ANOVA showed a significant difference between the three team categories (F=3.172,
p=0.05) in (originality + usefulness) scores. A plogt Tukey angisis demonstrated that the ranking

of mixed teams (M=4.32, SD=0.63) was significantly higher than that ofdesigners (M=3.88,
SD=0.68, p=0.022). The ranking differences between mixed teams (M=4.32, SD=0.63) and designers
(M=4.05, SD=0.65, p=0.063) werstatistically significant. But the ranking differences between
designers (M=4.05, SD=0.65, p=0.347) and-designers (M=3.88, SD=0.68) were not statistically
significant.

4.5 Overall Creativity (Originality + usefulness + compliance with brief requiremns

Overall creativity is calculated by the sum of originality, usefulness and the transformed compliance
with the brief requirements scores. A emay ANOVA showed a significant difference between the
different team categories (F= 5.063, p=0.008) in al@reativity scores. A pogtoc Tukey analysis
demonstrated that the ranking of mixed teams (M=5.11, SD=0.49) was significantly higher than non
designers (M=4.55, SD=0.85, p=0.002) in the overall creativity scores. The ranking differences
between mixed dams (M=5.11, SD=0.49) and designers (M=4.85, SD=0.58, p=0.064) were
statistically significant. And the ranking differences between designers (M=4.85, SD=0.58) and non
designers (M=4.55, SD=0.85, p=0.08) were not significant, suggesting that this d#fanghc
become significant in a larger sample. These results are illustrated in Figure 1.

4.6 Judgesd independent -scoesessment and particip

(@)

Judges i nde ponetdvady /ANOVA examirng the effect of team composition on
judgesd6 independent assessment yielded a signifi
different team categories. A pdsbc Tukey analysis demonstrated that the ranking of mixed teams
(M=4.39, SD=063) is significantly higher than nemesigners (M=2.67, SD=0.67, p=0.00) in the
judges6é6 independent scores. The ranking differer
designers (M=2.67, SD=0.67, p=0.00) are statistically significant. But the ntardifferences

between mixed teams (M=4.39, SD=0.53) and designers (M=4.17, SD=0.81, p=0.58) are not
statistically significant.

Parti ci pseore$ Rodr teanes Idifl not assess themselves and we eliminated them from the
calculation. By using the forntu recommended in IBM SPSS Statistics, these scores were also
transformed to represent values between 1 and 7. AvageANOVA examining the effect of team
composition o nscopng lieldedno pignificardg differeneds (F=1.094, p=0.37) among

the three team categories (mixed teams: M=5.93, SD=0.37; designers: M=5.50, SD=0:82; non
designers: M=6.50, SD=0.77). Figure 2 demonstrates these results.
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Figure 2. Effect of team category on originality, usefulness, compliance with the brief requirements, originality
+ usefulness, overall creativity, judgaesd i ndependent

4.7 Fluency and rareness

Fluency The results bfluency calculations showed that designer teams generated the highest number
of ideas (N=47), followed by mixed teams (N=35), which generated more ideas thaegigners
(N=17). A oneway ANOVA examining the effect of multidisciplinary knowledge orefiay, yielded

a significant difference (F=5.907, p=0.013) among the three different team categories-hdgost
Tukey analysis demonstrated that the ranking of designers (M=7.83, SD=3.17) is significantly higher
than nordesigners (M=2.83, SD=1.47, p=0.@LE5). But the ranking difference of fluency for mixed
teams (M=5.83, SD=1.83) and ndesigners (M=2.83, SD=1.47, p=0.14) is not statistically
significant. The ranking difference of fluency for designers (M=7.83, SD=3.17) and mixed teams
(M=5.83, SD=1.83p=0.38) is not statistically significant. See Figure 3.

RarenessThe number of infrequent ideas (feature combinations that occurred only once or twice) by
mixed teams (n= 9) and designer teams (n=9) was equal and much higher than thadesfigroers

(n=1), but the percentage of rare ideas of mixed teams (R= 25.7%) was higher than that of designers
(R=19.1%) and nowdesigners (R=5.9%), as presented in Table 1 and Figure 4.

Table 1.Effect of team category on rareness

Team category Infrequent ideas Total no. of ideas Rareness
Mixed teams 9 35 25.7%
Designers 9 47 19.1%
Non-designers 1 17 5.9%
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5 Discussion

This study explored theeffect of different team (dyad) categories comprising designers; non
designers, and mixed teams, on creativity in design idea generation. Our results point to an overall
trend whereby mixed teams reached higher scores on various creativity measuréd tiesgders

and nondesigner teams, followed by designer teams, who reached higher scores tumsigoars.

In many of the cases the differences were significant or almost significant. These findings provide
evidence that in design, where it has hithemt been researched thoroughly, disciplinary diversity in
teams can enhance creativity, similar to what many researchers found in other domains. The design
activity in our experiment was very short, 17 minutes in all, which is nonetheless enough for a
brainstorminglike idea generation session. Research teaches us that idea generation is a key
component of the front edge of the process of design, which determines to a large degree the level of
innovation that design is able to bring aboatg(, Design Caincil [UK], 2013; Toubia, 2006).
Innovation, in turn, is fueled by creativity (Somech & Dratdhavy, 2013). For economic reasons

i nnovation is much sought in todayds business wc
issue that design researshould undertake more rigorously. We calculated creativity in a number of
ways. Following Finke (1990) and others we looked at creativity as a compilation of originality and
usefulness. We then added compliance with requirements to the overall crestivigy because
compliance with requirements is a constant issue inlifeaissessments of creativity. For example,

the Sydney Opera building that was built at a scandalous budget that largely surpassed the estimates;
the building breached other requirerteenas well and posed severe construction hurdles.
Consequently, the architect was fired and became a persona non grata in Australia. However, the
unusual form of the building became much liked for its originality by locals and tourists and the
architect wa later invited back to Sydney as a guest of honor, hailed for this creative tour de force.

Our position was that historic anecdote apart, requirements must be complied with, especially when
evaluations are submitted to comparison. In the case of theelgabp our participants designed, the

brief stated clearly which materials could be used but some participants ignored the directions and
used other materials, or they designed a ceiling lamp instead of a table lamp, and so on. We did not
disqualify themput their scores reflected poor compliance with requirements. It is interesting to note
thatnon-designers conformed somewhat less to the requirements than did the other groups, and at the
same time they boasted much higher creativity-smfes than thether participants. This may
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indicate a low awareness of design norms: on the one hand that constraints should be respected, and
on the other hand that not every idea that one manages to produce is likely to be considered creative.
Despite that, mixed teasrof which nordesigners were equal members, scored the highest on every
dimension of creativity we tested (with the exception of creativitysmifes). This seems to show
that the dynamics within the mixedmearesgeaafortieas suc
requirements, while being more moderate in their-eedfluation of creativity, probably because of

their better acquaintance with the creative design landscape. All the same, -thesigmers seemed

to bring to the table unusual idethat, coupled with the assumed superior representational (and other)
skills of their designer partners on the team, yielded more original and more useful ideas. The
usefulness scores of the ndasigners were very close to those of the designers, whidth iodicate

that designers thought that in a conceptual exercise like this usefulness is less important and would be
dealt with later in the design process if it were to develop further, whiledesigners, who
understood perfectly what the table lamp weaesant to do, paid much attention to the function.

It is interesting to look at the creativity scores assigned by the participants themselves, and by the

judgesdé independent assessments. These scores wi
bu were figut feelingd assessments of the teamsd?é
el aborations on what creativity consists of. Th

calculated scores for mixed teams and designers, but coatsidower for nordesigners, while they

were only slightly lower in all calculated scores. This finding is difficult to interpret and since for
designers and mixed teams the scores are in line with calculated scores, it probably does not point to a
different conception of creativity held by the judges compared to the concept that calls for a
composite score relating to originality and wusef
complexity of ideas, which seems to have been higher omgeén the mixed and designer teams,

while the ideas generated by ndesigners tended to be simpler. Arriving at more complex ideas is
largely aided by sketching skills (Verstijnen et al., 1998). Sketching proficiency may have also had an
(unconscious) ééct on judges, who may have preferred representations of higher quality. Sirce non
designers are presumably less or not at all skilled in sketching, their sketches were perforce often less
attractive visually than those by designers, who may well have bee ones responsible for
rendering the sketches in the mixed teams. The issue of sketch quality and its impact on assessment is
beyond the scope of the current study, but we plan to address it in another study pertaining to the
same experiment.

Asmentimed earl i er, tstores weee cdnsiderably digherghan tie esdorfes assigned

to them by the judges. By itself this is not surprising, asasséssments tend to be different and often

higher than objective assessments (Haase, Hoff, HarehesKer, 2018), but whereas the tendency

in the case of mixed teams and designers -—resembl
assessment of the nalesigners is surprising. It is possible that most of them have never tackled a
designproblem before, and the mere fact that they were able to generate ideas and come up with
results may have been a pleasant and maybe surprising achievement, for which they prized themselves
in the form of a high creativity score.

Given that mixed teams hatle upper hand in all creativity scores (except-sedires), one must
answer the question: Why donét the designers do
skills, particularly sketching (semg.,Goldschmidt, 1991; Verstijnen et al., 1998)? The fluency and
rareness results show that designers generate more ideas than the others (see Table 1), but in terms of
rare ideas they are inferior to the mixed teams (measured as a proportion of the nuddses)oAs

it were, the number of ideas is not as important as their uniqueness, and in this respect, designers did
not excel, although they did much better than-designers. These results may well be a consequence

of the brevity of the exercise. We kmdhat in idea generation and brainstorming the tendency is to

spell out routine ideas first; the more unique ideas appear only after the exhaustion of the former
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(Ritter & Mostert,2018. Anot her factor that may htendencyi mpact
to center on structuring the problem fir€réss, 2018; Lawson & Dorst, 2008nd to postpone

solutions (Goel 1995). It is difficult to adjust this mechanism to very short timespans, and this may
explain the designer sa8i stoWw emwughato preverd themafrom manei q u e
meaningful results in terms of idea rareness in this experiment.

I n this study the assumed designersd superior s
role, presumably because ideas did not gouthh extensive development processes, which is where
sketching is most helpful. The sketching skills of designers along with their other design expertise
were enough to outperform nakesigners, but not enough to compete with mixed teams, who enjoyed
thesame designer benefits, along with the added freshness-ofeomi gner sd i deas.

In sum, we can say that this study shows that even in a small and random sample very clear
tendencies of superior creativity of mixed teams over other teams in design id@atiganare

revealed, even though the level of significance is low. We therefore join the camp of those siding with
disciplinary diversity in teams, which as we have shown is relevant also in the field of design.

6 Conclusions and limitations

We have asertained that design is no different than other fields in benefiting from disciplinary
diversity in ideageneration. This is important because the current tendency to widen the boundaries
of design and include new actors from other field in its ranks wleating with complex problems,
raises doubt and suspicion in many designersd qu
workplace and education. Whereas many companies have already learned this lesson and do set up
mixed design teams, indepnt design consultancies still tend to rely almost entirely on designers,

not being aware of what they may gain from involving Hd@signers in their design teams. Likewise
design education rarely sets up joint projects for design and other studeniyeamid does, it tends

to fail because the mode of collaboration is not well conceived. The current study does not teach us
how to succeed in design education that includes collaborative work witdasign students this

must be worked out separatelytiat least it points to the need to proceed in this direction. We must
remember, though, that we only tested idea generation, and fuller design cycles are yet to be
investigated.

We should point out several limitations of this study. First, the sizeeo$§ample is small, leading to

results that indicate primary trends but not many that reach standard significance. Second, we used
dyads. The results may differ in the case of larger teams. Third, the exercise was very brief and
simple, and tendencies makiange when a task is more complex, and the timespan is longer. Fourth,
participants were very heterogenous in more than one way. The amount of design experience of
designers ranged from one year to dozens of years, and they came from more than orfieldesign

The nondesigners also came from a variety of fields. The experiment was held in English, which was
not the native tongue of any of the participants but was the only common language they possessed: the
nondesigners in particular came from a numbg&different cultures. Despite these limitations we
maintain that the study contributes to both the design literature and research on teamwork in general.
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Abstract. Design is a complex activity requiring disciplinary areas working in collaboration. However, how
multi-disciplinary design teamwork affects the quality of collaboratiomenfa social and taglkelated
perspective, and how it can inform about extending the frontiers of design should be investigated. An empirical
study comparing mukiwith monodisciplinary teams was conducted in the context of prdjased education.

Partci pants were students from two masterds cour ses:
mechanical engineering only. A series of semmictured interviews was carried out, and the produced
transcripts were analyzed qualitatively. Mudtsciplinary teamwork was found to enable a comprehensive
understanding of the design task. However, this requires skills and competences different than those from mono
disciplinary teams, what challenges team dynamics and collaboration. Implications for exteadiontiers of

design in higher education are discussed.

Keywords: higher education in design, medsciplinary teamwork, mukdisciplinary teamwork, teamwork
quality, teamwork in design education

1 Introduction

The merits of teamwork have capturaetuch attention in social psychology and new product
development (NPD) literatureg.@.,Barczak & Wilemon, 2003). The importance of teamwork has

also been extensively debated in design.(BadkeSchaub et al., 2007; Casakin et al., 2015). In this
doman, team composition regarding disciplinary background has gained a vital significance due to
the complex nature of the 2t ent ur yos gl obal challenges (Gruent
must tackle problems of unprecedented scope that contesliststdbapproaches and solutions. To

deal with this situation, a muidisciplinary collaboration offers a more comprehensive approach than
that by teams composed of members sharing a similar background, also known atistipfinary

teams.

In this contet, transpassing the traditional borders of scientific disciplines, including those of the
design domain, turns out to be a crucial and necessary step. Bearing in mind the increasing
complexity of design problems, such transition requires the develomhdatlicated skills (Blessing

et al., 2021). Hence, the attention given to this issue in design education. Among first initiatives in
this direction, design studio courses aim at fostering sdigtiplinary project collaborations (De

Vere et al., 2010; Deerichs et al., 2011). Courses like these can play a fundamental role for extending
the frontiers of design. Nonetheless, there is an apparent lack of appropriate educational reference
practices to encourage the development of maualtid trangisciplinary skills and competences
(Cascini, 2015).

Interactions in collaborative approaches can be largely affected by the disciplinary composition of the
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team, with consequences for teamwork quality. This notion was investigated focusing on social
related and taskelated aspects (Hoegl & Germunden, 2001). For example, Keating amdrioers
(2013) studied the impact of mutlisciplinary team collaboration on educational outcomes, showing
that most influential issues were related to interpersonal relationshipsnpeexpectations, as well
as to team dynamics and management.
While studies about mutdisciplinary team collaboration can be found in design literature, most of
them focus mainly on design performaneeg., Nesterkin et al., 2016). Moreover, none tbém
investigated multdisciplinary collaborations from a teamwork quality view or compared it with
monadisciplinary teams. Hence, no related studies can be found in design or in design education.
Therefore, the present s thiglery educatiow mithe Hramewsork ofo nt e x
projeccbased design studio deals with the foll owi:t
sociatrelated and taskelated aspects of muliisciplinary and mondaisciplinary design teamwork.
The second gal is to investigate how teamwork quality from the perspective of satébd and
taskrelated dimensions might differ when comparing radisciplinary with monedisciplinary
teams. Based on these, implications about how to extend the frontiersigrf @esication are
presented.
The research questions that will be addressed are:
1 RQ1: What are the comparative sogiglated and taskelated dimensions of muldisciplinary
and monedisciplinary design teamwork?
1 RQ2: How does mukdisciplinary comparedo monadisciplinary team composition influence
the quality of design teamwork in terms of socilated and taskelated dimensions?
1 RQ3: How can an analysis of teamwork quality inform the debate about extending the frontiers of
design in the context dfigher education?
The work revealed that although working in mudlisciplinary teams enables a more comprehensive
understanding of the design task, it requires capabilities and competences different than those from
monadisciplinary teams, which may chafige the quality of team dynamics and collaboration.
Furthermore, working in mukHdisciplinary teams can result in partly underexploiting specialist
knowledge and competencies. It is proposed that these issues should be taken into consideration by
both edicators and practitioners, as well by those interested in extending the frontiers of design.
Implications for teamwork in design education, and particularly for rdig@iplinary design studio
courses are discussed.

2 Background

Designing has becomenaore complex activity than it used to be, and consequently information and
knowledge other than from a single discipline are necessary to tackle problems. Design practice must
deal increasingly with objects at different scales, from small industrialcstifa cities, services, and
organizations (Leblanc, 2021). Hence, a broader approach of not only the technological but
environmental, scientific, social, and economic subjects is also necessary to cope with the new
challenges that design poses nowadayes@ng et al., 2021). Understanding and tackling such a
multifaceted phenomenon demand more developed and interrelated knowledge, skills, and expertise.
In higher education, the increasing interconnectedness among academic disciplines and the vast
knowledge originating from the application of a variety of subjects has transcended specific academic
fields (Kozmetsky, 1997). Consequently, the university started to be seen as the educational
environment where to nurture ideas that may go beyond the froitipesed by the current and

rather conservative organization of the fields (Ertas et al., 2003). Such a conception is gaining interest
in design courses and is influencing design teachers to go beyond adisciptine educational
approach, to center on daims that step ahead from traditional learning areas (Gericke et al., 2021).
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This is partly due to the rich knowledge needed to deal with current design tasks, even in lab
environments such as the design studio. Moreover, solving new and unique dedigmpadmands

the involvement of a spectrum of disciplines working in collaboration. However, there is a substantial
lack of truly multidisciplinary design educational programs and in most cases, these are not standard
programs but honors ones. As partafintegrative pedagogical approach, teamwork can help rethink
how design can be taught through the different disciplines in higher education.

2.1 Multi -disciplinarity, Inter-disciplinarity and Transdisciplinarity

Three terms are being used in referetwahe type of cooperation between different disciplines:
multi-disciplinarity, interdisciplinarity, and translisciplinarity. In spite of their differences, they are
frequently and mistakenly used interchangeably (Grieke et al., 2021). Tharp and ZgROGHKI
defined multidisciplinarity as a topic of research shared by many disciplines.-Mstiplinarity is

also related to studying a subject by multiple disciplines simultaneously (Nicolescu, 2005). The aim is
to gain a large and common understandifithe phenomena by combining the different standpoints

of the disciplines. While mukidlisciplinarity extends disciplinary boundaries, it is achieved mainly in

the framework and for the benefit of a specific discipline. tdisciplinarity, on the othehand, is

about transferring methods from one discipline to another. Like -ahsttiplinarity, inter
disciplinarity transcends the disciplines but with the goal of creating new disciplines (Nicolescu,
2005). Whereas trardisciplinarity includes multiand interdisciplinarity approaches, its main goal

is to understand the disciplines to unify knowledge (Nicolescu, 2005). Indeeddisaidinarity
encapsulates the notion of an integrated utilization of the techniques, tools, and methods from various
disciplines (Ertas et al., 2003; Kozmetsky, 1997).

The present work is based on an empirical approach that centers on complex designgoiirgm

in higher education. In this context, we propose that studying design collaboration of students from a
multi-disciplinary perspective constitutes a suitable approach to explore the possible extension of
design frontiers. As noted before, the intricacy of products has overcome the narrow frontiers of the
disciplines, and dealing with design entails the collabanatiospecialists from different disciplinary
areas (Eckert & Stacey, 2021). When design collaborations are materialized in the framework of a
multi-disciplinary team, opportunities for gaining new crogiural knowledge and skills emerge
(Casakin & BadkeSchaub, 2015; Leblanc, 2021). Teams of this kind are supposed to have the
specialized knowledge necessary for centering on specific aspects, jointly with a holistic
understanding on the topic (Fernand&xiz, 2021). A capability for sharing different we at
different levels of detail can lead to the development of inspirational ideas. Not less important, multi
disciplinary teams can contribute to more meaningful, feasible and creative outcomes, and eventually
to expand existing frontiers of the desigimahin.

2.2 Multi -disciplinary and monedisciplinary teams and design

The advantages of muldiisciplinary teams over traditional mowlisciplinary ones have been studied

in several fields with a focus set on team outcomes. A frequent approach in comparing the
performance of these types of teams is to analyze quantitatively the produced outcomes by means of
bibliometric indexesd.g., Schummer, 2004; Levitt & Thelwall, 2008). Healthcare domain is a good
example of this, where not few research on mificiplinary teams was carried out based on surveys

and interviews. While related studies discussed a rich range of health issues that were efficiently
tackled by multidisciplinary teams, they also exposed several conflicts spanning from misalignments
of team rols to problems in social dynamics (Jones, 2006). A main finding was the need to educate
professionals capable of working in teams with members of diverse specializations (Dyer, 2003).
Studies on multdisciplinarity can be also found in design literatured an projectbased design
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education. A few examples are works focusing on ICT technologigsNelson & Ahn, 2018), and

on virtual environments supporting team collaboratiery.( Mengoni et al., 2009). Nonetheless,
comparative design studies dealingh the dynamics of mukidlisciplinary versus mondisciplinary

teams has yet to be carried out.

The diversity that characterizes mudisciplinary teamwork, however, can be counterproductive to

the possibility of successful collaborations. Many ofithelved disciplines may not have worked in
cooperation yet to solve a design problem. Along the years they have constructed their own
knowledge, terminology, approaches, culture, preferences, and priorities (Eisenbart et al., 2012).
Specialization in a doain enables to develop design expertise for the sake of improving task
performance, while enhancing the quality of the produced outcomes. Nevertheless, it can also narrow
the perspective on the broad pictueeg(, restrict the capacity of designers incartain field to
recognize the value of issues from other disciplines that are alien to them) (Rees, 2010). In this regard,
transcending the frontiers of mowdsciplinary approaches is challenging, and demands
understanding commonalities and differencath vether disciplines (Gericke et al., 2021). In the
context of our study, the notion of extending the frontiers of design is understood as the sharedness of
existing knowledge, tools, methods, and experiences by a certain discipline that are unkntwen to ot
disciplines, with the goal of contributing to a common understanding of the design situation while
gaining new knowledge. To this aim, successful design collaboration plays a critical role when it
concerns complex and multifaceted projects. Howevés, rttay be affected by the quality of team
collaboration.

2.3 Teamwork quality and design

The concept of teamwork quality, introduced by Hoegl and Germunden (2001), assumes a critical role
to study multidisciplinary collaborative design and its influentiattfars. Teamwork quality is a
thorough notion about the excellence of team interactions (Dayan & Di Benedetto, 2009). It is a
critical aspect of team collaboration that was studied by focusing on social interaction ifaeiprs
cohesion and mutual suppoand taskelated factor$ e.g.,communication and coordination (Hoegl

& Gemuenden, 2001). These researchers found the two teamwork quality factors to be strongly
related to team performance.

In another study, Dayan and Di Benedetto (2009) showedrthatuality of interactions among team
members is a fundamental skill needed to create good and innovative products. However, they
showed that teamwork quality can be reduced due to difficulties in getting members to communicate
successfully and work joilyt Teamwork quality was also found to affect educational outcomes and
the success of coll aborative |l earning (Curxkeu
team level showed to impact on knowledge creation, and eventually on team pectoifiidang &

Suh, 2017). Additional studies in the fields of R&D management and cognitive psychology
highlighted the influence of taglklated factors on teamwork quality. Kratzer et al. (2006) showed
that low complexity tasks have a negative impact on thative performance of R&D teams. In spite

of the variety of works on teamwork quality, a primary focus tends to be set on its impact on team
performance (Nesterkin et al., 2016). Some of these focus on the impact of training styles-of multi
disciplinary eams on design performance (Reich et al., 2009), or on reflections about learning
outcomes from cooperative projdzised approaches in engineering education (Abdulaal et al., 2011).
A milestone is the work of Cooke et al. (2003), who investigated-redatedness to teamwork
knowledge, but still with a major attention on team performance.

Relatively few works can be found on collaborative design dealing with social aspects and teamwork
quality, and no studies on muttisciplinary design investigated teawork quality based on social
related and taskelated factors simultaneously. Therefore, in this work we investigate how multi
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disciplinary compared to mordisciplinary design teamwork affects the quality of collaborations in
an educational environmentpfn a social and taglelated perspective. Given the potential effect of
teamwork quality on knowledge creation, we propose that studying the quality of team collaboration
can inform about extending the frontiers of design.

3 Methodology
3.1 Design courses

To address the research questions, a study was conducted in the context of two programs: i) A
masterés degree with students from architecture
di sciplines. This took pl &Mede¢ hiordst hend2 PIDcedisteis@n
Scuola Politecnica ASP (Benedetto et al., 2010; Ajmone et al., 2016), a program jointly fostered by

the Politecnico di Mil ano and the Politecnico di
Engineering stdy program at Politecnico di Milano, which included students who were enrolled in

the Alnventive Design and Problem Solvingd cours
The ASP is an honors program that comprises several courses organized as residetirtig full

weekly schools and a desigoroject lasting one year on rembrld problems (https://www.asp
poli.itthome/oufprojects/). On the other hand, the Mechanical Engineering course aims at delivering
theoretical competences and practical skills on methods and tools supporting tealeaitbatyc in

conceptual design activities. It involved an annual project proposed by an entrepreneur from a
company. Examples of project themes are household applisngesvashing machine, dish washer)

for single users, and an integrated system intfolethe regulation of tire pressure.

The ASP projecti representing the multisciplinary team activityi was used as a test group,

whereas the Mechanical Engineering projecepresenting the mondisciplinaryi was used as a

control group, i.e., as leenchmark to identify differences and similarities of teamwaork quality in the

context of design.

The comparison between the two case studies is considered relatively unbiased since one of the
authors was the coordinator of both courses and providedasidiflections and tutorship in both

projects. It is believed that through a retrospective analysis of the team activity that took place in the

ASP and Mechanical Engineering courses, participants can offer important insights that transcend the
courses theselves and be of value to identify key aspects in the design educational context, with
possible implications for extending the design borders.

3.2 Participants

Students were requested to-opt if they were not interested in participating in the study. Edgint
of 140 ASP students representing different disciplinary backgrounds and course grades, and another
five out of 50 Mechanical Engineering students accepted the invitation to take part in the study.

3.3 Research approach

The research method is based on isgtnuctured interviewse(g., Kallio et al., 2016). The use of
semistructured interviews showed to be successful in several studies that analyzed the dynamics of
teamwork €.g.,Sandoff & Nilsson, 2016). In the present work, they were characterizediblogue

partially based on a predefined protocol, which was adapted to-#hecadrcumstances as demanded

by the interactions with the participants. The structure of the interview sessions was partly based on
teamwork quality (task and sociadlated agects). Interviews also included other topics that are
beyond the scope of this research. To avoid potential biases, they were carried out after the evaluation
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