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1 The accessibility of videogame hardware
such as controllers is also a site of dis-
course between games and disabilities,
though it is related to physical more than
psychosocial disabilities.

2 Brendan Keogh, “Games Evangelists and
Naysayers,” The Conversation, March 20,
2014, http://theconversation.com/games-
evangelists-and-naysayers-25006.

Reparative Game Creation:
Designing For and With
Psychosocial Disability
Kara Stone

Introduction

The relationship between psychosocial disability and videogames
commonly appears in two places: games’ positive or negative effect
on individuals’ behavior, and games’ representation of mental ill-
ness.' In pop culture, videogames have been associated with vio-
lence, antisocial behavior, and addiction in their players. In the field
of game studies, games are positioned as vessels for positive change,
socialization, and self-soothing for players.? Rather than focus on
the affect of players or the representation of illness in various
games, this article focuses on videogame design and its possible
addition to a paradigm shift that aligns media with practices of
amelioration, healing, and rest. I propose a design framework called
reparative game creation, a process of creating interactive media
focused on healing, emotional acceptance, and accessibility for the
psychosocially disabled. It is informed by disability studies, affect
theory, anti-capitalist thought, and artist scholarship on research
creation or critical practice. The goal of this work is to recognize the
current massification of psychosocial disability, mental illness, and
debility and to orient the design and use of interactive media to-
ward healing and care, rather than toward a slow debilitation as is
the current convention. Though much of game design and game
studies focuses on the end product or the player experience, this ar-
ticle instead focuses on the process of game design, and as such it
does not analyze specific games but proposes new ways of creating
games informed by psychosocial disability. It is intended to be use-
ful for game creators, artists, and designers interested in creating
for and with disabilities and those wanting to rethink dominant
paradigms of creation.

Gaming culture and dominant game design are in need of
repair. The design of most commercial games and many inde-
pendent games use a compelling and compulsive cycle of work
and reward and the feeling of productivity to entice the player to
play more. Most games follow a cycle of frustration and satisfaction,
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Katherine Isbister, How Games Move Us:
Emotion by Design (Cambridge, MA: MIT
Press, 2017), 3.

Brie Code, “About: How Do You Feel?,”
TRU LUV, https://web.archive.org/
web/20190302171843/http://truluv.ai/
about-tru-luv/ (accessed August 8, 2022).
See Natasha Dow Schiill, Addiction by
Design: Machine Gambling in Las Vegas
(New Jersey: Princeton University Press,
2012) for detail on how casino games are
designed to keep the player playing.

See TreaAndrea M. Russworm and Jenni-
fer Malkowski, Gaming Representation:
Race, Gender, and Sexuality in Video
Games (Indiana: Indiana University
Press, 2017)

increasing in difficulty as the game progresses. Katherine Isbister
states that playing a game activates “reward-related mesolimbic
neural circuits—parts of the brain associated with motivation and
reward.” Brie Code, designer of app game #SelfCare, also describes
gaming in terms of biochemical psychology: “Game design theory
is based on an adrenaline/dopamine response to stress. Game
designers aim to stress the player, and then give the player oppor-
tunities to win a challenge.” This system of play makes players feel
as if they have accomplished something even if in reality all they
have done is to sit in front of a screen for sixty hours and disasso-
ciate from their body and feelings. In itself, this is not necessarily
“negative,” but the intense desire to feel productive is an inter-
nalization of current neoliberal capitalist culture, where one’s worth
or morals are determined by productivity. Many games are de-
signed to tap into this cultural desire, creating a cycle of work and
reward are closely planned out to keep the player playing for as
long as possible.’

Cultures surrounding gaming are often exclusionary partic-
ularly to women and people of color.® In North America, white cis-
gendered men are the dominant demographic of game developers.
Employees at more and more studios, including mainstream and
indie, have been coming forward with experiences of toxic work-
places. The games industry notoriously relies on crunch, a mode of
work that demands overly long hours and weekend work, prompted
often by appealing to the employees’ passion for videogames or
through guilt. These crushing workplaces make game development
inaccessible to many, including disabled people who are unable
and/or unwilling to work in ways that actively damage their lives.
Because of dominant design paradigms and exclusionary work-
places and cultures, I see a turn toward reparative game creation as
a provocative and beneficial framework for exploring alternate pos-
sibilities in the videogame realm.

The following section lists the principles of reparative game
creation—direct and simplified practical guides to creating games
oriented toward healing and repair. These principles include how a
reparative game should operate and consider the process of mak-
ing reparatively as equally (if not more) important. I start with them
to give a general sense of the key elements of this framework. The
rest of the article lays out the foundational theories of reparative
game creation, the reparative position, and healing as it relates to
disability. Reparative game creation is part practical design, part
analysis, and part utopian dreaming of an alternate media land-
scape, one that helps sustain life rather than drain it.
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The Principles of Reparative Game Creation

These principles are not rules but guiding intentions for design-
ing games with and about psychosocial disability that I have found
useful in my own design process.

Repair

¢ Games are no more healing than any other art form.

e Games will never cure anyone. Cure is not the goal.
Make work that changes the media landscape, adding
to a culture oriented toward making life more livable
for those with psychosocial disabilities.

¢ Do not only represent psychosocial disability but
design for it.

e No score, no winning, no losing, no good paths, no
bad paths, no one right way to play, no punishment,
no reward.

* Be emotionally challenging, not mechanically
challenging.

¢ Describing some feelings as “good” and some feelings
as “bad” are judgments. They might ease classification
but are not inherent or true.

¢ Feelings are a political resource.

e Everything is an experiment and an exploration.

Care

e Recognize not only the labor of the time spent working
but also the preparation and recovery.

e Do not expect to work like a machine (consistent,
always productive, not emotionally affected by mood,
physical experience, environment, food, weather, past
experiences, brain fog, pain, injustice, neurochemicals,
microbiome, our partner’s mood, noise, etc.). We are
not machines. Capitalism has set up unrealistic and
unattainable work expectations. These expectations
actively damage and drain us. Resist wanting and trying
to live up to them.

¢ Know our cycles of work. Know that some are in our
control, and some are out of our control.

e Rest without guilt.

e Art does not need suffering to be made.

o Affect cannot be quantified. Foster emotional
self-reflection rather than aiming to funnel the
players into a specific emotion.

* Do not overwork, and do not ask players to overplay.
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¢ Be cautious—and grateful—of how much time is
asked of players.

e Remind ourselves and players that there is life beyond
the screen.

* Make space for self-reflection in the game: emotional
choices, diary entries, mood trackers, pauses, time-outs,
direct questions, and surveys.

Share

e Be vulnerable. Be radically open during the creation
stage. Edit after it is already created if necessary.

¢ Ask others for help. There is beauty in interdependence.

e The process of making is about coming to understand-
ing, not demonstrating understanding.

* A good game is not determined by a game one wants
to play all the time. Meaningful experiences last beyond
the playtime.

e Perfection does not exist. Nothing is ever perfect, only
an expression of that moment in time’s preferences,
desires, expectations, conditions, and experiences.

e Feelings are powerful and should not be avoided,
but consider how some may affect potential players.
Will it make the game inaccessible to certain groups?

¢ Consider the audience as someone in the disabled
communities, experiencing psychosocial disability and
many forms of debilitation, not an audience we must
explain our experiences to.

Psychosocial Disability

This article deviates from previous research on videogames and
mental illness that align with medical institutions and medicalized
models of health, instead coming from lived experience, process-
based art, and critical disability studies. There are other terms to
describe the same or similar communities, such as consumer/
survivor/ex-patient (c/s/x), mental illness, neurodivergence, and
mental disabilities. None of these are necessarily wrong or right;
I choose the term “psychosocial disability” because it positions one’s
debilitation in both the inner psychological and the outer social
contexts and puts it in relation to the broader category of disability;
contained within that is the field of disability studies, activism, legal
status, and cultural marginalization. Although anti-psychiatry, Mad
Pride, and c/s/x each have specific histories and meanings, often
viewed as distinct from disability, generative concepts are produced
when they are considered together, such as critiques of normality,
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reconfiguring health and illness, and desiring experiences often
viewed and undesirable.” As such, much of the theory that is foun-
dational to this article is affect theory and disability studies, rather
than psychoanalysis, psychiatry, or psychology. Disability studies
offers a way of understanding the broader context of accessibility,
debility (a form of understanding how populations are worn out,
decapacitated, and disenfranchised without attaching the binary of
disabled/abled?), and culture and how they relate to mental health.

Disability scholar Lennard Davis argued that psychoanaly-
sis is a “eugenics of the mind—creating the concepts of normal
sexuality, normal function, and then contrasting them with the per-
verse, abnormal, pathological, and even criminal.”* Psychoanalysis
and psychiatry are not the only therapies and care the field of
clinical psychology offers, however, they are the most common in
pop-cultural understandings of mental health and most integrated
into scholarship in the humanities. Still, most clinical psychologies
operate on the categorization basis of “excessive” affect or un-
wanted behaviors. In following an affect theory— and disability
studies—informed model of health and wellness, videogames are
less a tool for systematically decreasing psychosocial disability, as
if the goal is to overcome psychosocial disability and shed all
negative feelings, but instead positions game design as a potential
avenue for interactive practices that build toward creating a more
livable life by providing moments of self-reflexivity, connection,
bodily sensation, and acceptance.

The Reparative Position

The term “reparative” is inspired by Eve Kosofsky Sedgwick’s the-
orizing of paranoid and reparative positions. In previous work, I
laid out the foundations for reparative game creation as I thought
through my process for making the videogame Ritual of the Moon
(2019), and how these two positions, reparative and paranoid, might
not be so oppositional.” Briefly, Ritual of the Moon is a twenty-eight-
day long videogame that the player plays for three minutes a day,
following a sparse narrative and engaging in reflective activities. It
was the beginning of my thinking about combining Sedgwick’s
theories with game design. Sedgwick, a preeminent queer theorist,
details paranoid reading, the most common form of critique in
academia, a mode of searching for and then revealing hidden vio-
lence, oppression, or wrong ideas." The vigilance, the demand for
perfection, the constant search for flaws or limitations, all prevent
one from feeling other experiences or transformations—especially
ones that are considered naive, such as surprise, openness, and
celebration.” She argues that this is the most dominant form of
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On Paranoid Reading and Reparative
Reading,” Criticism 52, no. 2 (2010):
235-41.

| use the phrase “research creation,”
which is common in Canada. It has

a similar meaning to “practice-based,”
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“practice as research,” and “arts-based
research.”

Leah Lakshmi Piepzna-Samarasinha,
Care Work: Dreaming Disability
Justice (Vancouver: Arsenal Pulp
Press, 2018), 94.

creation in academia, and she then moves on to theorize “repara-
tive reading.” Reparative reading would be a mode of analysis and
creation that is not solely invested in pointing out more insidious
forms of oppression but looks toward vulnerability, survival, affect,
risks, and sustenance. Sedgwick uses words like “multiplicity, sur-
prise, rich divergence, consolation, creativity, and love” to describe
it.® It does not have all the answers right away. It is vulnerable. It
doesn’t default to searching for mistakes or comparisons. Opening
oneself for healing and repair means opening oneself to risk, includ-
ing so-called negative feelings. Being reparative can mean oscillat-
ing between good and bad affects and experiences, deeming them
as not necessarily clearly divisible from each other, and approach-
ing bad feelings as not necessarily an experience to avoid. Repara-
tive game creation is committed to the speculative imagining of
what research creation may look like when it is dedicated to sur-
vival, love, and risk.

For the purposes of this article, the reparative position or
practice, reparative reading is being refigured to reparative game cre-
ation. In the context of videogames, reparative reading might at first
be thought of as akin to reparative playing, which is certainly possi-
ble, but Sedgwick uses reading not only as the act of taking in in-
formation but also as the response to it—how academics write and
talk in communication and discussion with each other. Reparative
game creation focuses on the process of creation, specifically from
a psychosocially disabled point of view, and ways that creators can
incorporate disabled and reparative practices into process and de-
sign. Instead of a mood of suspicion, interrogation, guardedness,
and desire to expose others, the reparative response takes risks in
proposing, modeling, or exploring alternative modes of being and
understanding—strategies very common in research creation and
critical practice. Reparative game creation is in line with research
creation that focuses on the creative process as research.

Healing

Healing, as I use it in this article, has a specific connotation in
relation to disability and social justice. Disability justice activist
Leah Lakshmi Piepzna-Samarasinha describes healing justice, a
movement and term created by queer and trans Black, Indigenous,
and people of color, in which Piepzna-Samarasinha is a major
figure. She asks, “What do you think ‘healing’ is? Do you think
that it means becoming as close to able-bodied as possible? Do you
think it is always sad or terrible to be sick or disabled? Do you
think everybody wants to be able-bodied and neurotypical, and
would choose it if they could?”" Questioning expectations of the
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16 Ibid., 103.
17 Quoted in ibid., 100.
18 Ibid., 107.
19 Ibid., 108.

desirability of able-bodiedness and able-mindedness is integral
for artists and academics interested in social activist games focused
on disability to combat potential ableism. Piepzna-Samarasinha
knows it is hard to get good healing, healing that is affordable, a
practitioner that listens to the person’s needs, and one who dis-
avows their own expectations of what the person wants. She com-
municates that “most sick and disabled people I know approach
healing wanting specific things—less pain, less anxiety, more flex-
ibility—but not usually to become able-bodied.”** Healing is done
to make life more livable and to have the opportunity to thrive, not
to overcome or eradicate disability.

Healing can be easily dismissed—seen as not important to
political futures, reserved for people with money, or an individual
responsibility that is not worthy of being addressed in collective or-
ganizing. Because it is often dismissed, the burnout rate in commu-
nity organizations, academia, and the game industry is incredibly
high. Cara Page of the Kindred Southern Healing Justice Collective
proposed that “Our movements themselves need to be healing, or
there is no point to them.”” Care work and anti-ableist practices are
not to be side-lined but are central to political movements—not in-
dividual practices that we do to get ready to do the “real work”
again. Piepzna-Samarasinha puts it this way: “It doesn’t have to be
either healing or organizing: it’s both . . . Healing justice is not a spa
vacation where we recover from organizing and then throw our-
selves back into the grind,”* as much of the rhetoric around self-care
insinuates.

For Piepzna-Samarasinha, like Ann Cvetkovich and other
queer affect theorists, feelings are essential to political organizing.
Many movements involve grieving and come out of a need for grief
to be publicly recognized: “grief and trauma are not a distraction
from the struggle.”” Healing and reparative work does not come
from pushing down negative feelings and bringing up positive feel-
ings, but from giving time and energy to both. Reparative game cre-
ation is not trying to make players feel better, to totally absolve
them of anxiety, depression, mania, diagnosis, pain, and more, but
to reorient media practices and play toward supporting life, sustain-
ing energy, rejuvenating each other, and creating a life one consid-
ers worth living.

The Need for Reparative Media

While disability justice advocates are not necessarily against all
uses of the medical model of mental illness, the individual nature
of common psychological care limits therapy’s cultural effect. Indi-
vidualized therapy is not enough to tackle the world’s massive
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Ibid., 23.

Ibid., 26.

Ibid., 32. Kazdin and Blase define

the burden of mental illness as the
“personal, social, and monetary costs
associated with impairment,” not

the popular conception of burden as
something someone else has to
unwillingly care for” (21).

Ibid., 32.

amount of psychosocial disability and debilitation. Kazdin and
Blase highlight the inefficiency of the individualized delivery sys-
tem of talk therapy.® Although there are many techniques of ther-
apy, such as dialectical behavioral therapy, psychoanalytic therapy,
cognitive behavioral therapy, eye movement desensitization and re-
processing therapy, which are among the most popular, they almost
all share the same model of delivery: administered to one person at
a time or up to a small family unit. Kazdin and Blasé point out that
there are not enough psychologists to address the massive popula-
tion in need of care; they estimate that 25 percent of the population
has at least one psychiatric disorder in a given year. In the United
States, that would be approximately 75 million people.” Even if the
current workforce of psychologists were to double, it would have
“little discernible impact given the number of individuals requir-
ing services,” especially those who live in remote areas or do not
have adequate access to health care.> Kazdin and Blase advocate for
an opening up of the delivery model from intense one-to-one ses-
sions to less intensive but more massive scale. A treatment can look
very different than what we would think of as therapy. Technology
is a significant portion of this: the internet, phone calls, text mes-
sages, and apps are all cited as having the potential to deliver ther-
apy at larger and more economical scales. Although there are many
reasons to be skeptical of technological programs designed for ther-
apy, Kazdin and Blase offer optimism for the possibilities—and ne-
cessity—of using technology to provide widespread therapeutic
programs. Technology may never be a substitute for a real person,
but “technology is not competing with a real person. It is directed
toward the goal of reducing the burden of mental illness, and in this
regard it can make a contribution to a portfolio of delivery models
that is without peer.”” They even write that “the creativity of video
games may increasingly be applied to treatment of preventive reg-
imens and be made readily available.”* The work of Kazdin and
Blase showcase how the processes of care for psychosocial disabil-
ity need to be broadened and that many forms of media, communi-
cation, and organizing can be oriented toward healing.

Measuring a Reparative Experience

How can a reparative experience be measured, if at all? The major-
ity of the reparative game creation principles are focused on the
creative process, not on the player experience. This is a radically dif-
ferent turn from the majority of popular game design tactics, which
are player-centric. Such tactics determine the success of a game’s de-
sign through player feedback: if the players’ values changed, if they
understood the messaging, if they had an engaging play experience,
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and if it enabled some “change” to take place in the player’s result-
ing actions. This is not to foreclose the idea of reparative play—
which I believe is possible—but to problematize player-centricity
and the emphasis on measurable outcomes of art.

If one were to measure a reparative experience to quantify it,
study it, or use the information in next designs, what exactly would
be measured? To measure emotion or affect, psychology and psy-
chiatry use patient self-reporting or individual assessments, but
often this tracks only the short term. In the field of human—com-
puter interaction, affect has been quantified through biometrics
such as heart rate and facial micro-expressions, which do not uni-
versally map onto experiences of emotion. Even if I could construct
a long-term clinical psychology-style quantitative study on the ef-
fects of playing a reparative game, what markers would I look for?
A person feeling “better” is not the goal, nor is a cure or eradication
of bad feelings. For example, the measurement could not simply
look for lessened anxiety or heightened joy as evidence of efficacy.
Instead, the goal for reparative game creation is to participate in a
movement of media that function as tools for care, connection, re-
flection, and radical acceptance of emotion. Again, I do not wish to
disavow or renounce player experience as a metric or evaluative
tool, and it may well become a part of reparative game creation but
finding a mode of measurement while staying in line with disabil-
ity studies, affect theory, and demedicalization of affect is not the
goal of this article.

Others are also hesitant about the demand for quantification
of the social effects of game design. Paolo Pedercini has criticized
the measurement model of games-for-change, saying that “the pre-
sumption is that social change can be measured in the same way
you can measure the calories burned by playing an exercise game.”>
Demanding everything be quantifiable is a tool of capitalism: “If
you can measure something, you can rationalize it, you can opti-
mize it, you can sell it.” It is not that any focus on outcome is bad,
but that by directing all the focus on “measurable goals we narrow
our action. We favor individual change versus systemic and long-
term change. We target burning calories without addressing food
politics and food justice. We try to impose prepackaged behavior
protocols rather than facilitating critical thought.”* The common
types of change that games are designed for are small-scale and in-
dividual-focused, rather than the grander political overhaul Peder-
cini supports. Instead of making sure a game produces quantifiable
outcomes, Pedercini argues for the liberatory potential of game de-
sign and how it can teach criticality and demystify the medium. For
these reasons, reparative game creation focuses on the process of
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creating games rather than the games’ effect on individuals. Fur-
thermore, reparative game creation aims to strike a balance between
self-change and world change. Making a game reparatively can be
one transformational tool for self-reflection and healing journeys.
Players may relate to the game and find it validating or transforma-
tional experiences through play. Still, a single reparative game—or
a few, or ten—will not have the massive effect needed to transform
the structural and systemic forces of oppression that disable and de-
bilitate people. Reparative games call for transforming the media
landscape, just one step of what needs to be a mass movement to-
ward media that is healing, inclusive, and sustainable.

A Summary of the Reparative Game Creation Principles

I have synthesized the list of principles that began this article into
five categories that summarize their themes and goals: games are
not cures, design for psychosocial disability, a reparative process,
no addictive cycles, and anticapitalism and speculative utopia.

Games Cannot Be Cures

Cure is a complicated issue in disability studies. For the social
model of disability, there is a difference between impairment and
disability; the former is the bodymind-based limitation and the lat-
ter is the effects of society. Disability studies scholar Alison Kafer
summarizes it as such: “People with impairments are disabled by
their environments; or, to put it differently, impairments aren’t dis-
abling, social and architectural barriers are.”” Focusing on cure may
address impairment but not the socially disabling culture. Cure
might mean eradication of a certain way of being in the world, to
make “normal,” and for disability to be undesirable rather than a
unique, variant part of life. Disability is so often written out of the
future, as something utopia will “fix” through eradication. This idea
showcases how deeply set cultural imaginings of disability as un-
desirable are, so the position of the social model can feel empower-
ing. On the other hand, there has recently been more conversation
around cure from scholars and activists with chronic illness and
pain. While some disabled people distance themselves from being
considered unhealthy, sick, or suffering, others are embracing those
terms while taking seriously the social and political realities of im-
pairment.” The suffering the unhealthy or sick disabled experience
is real; some could be eliminated by social justice, but not all of it.
To eradicate anxiety completely, to get rid of depression entirely, is
undesirable and unrealistic. Of course, these feelings can do harm.
Instead of a cure through eradication of any negative feeling, we
need to find ways to live alongside them, mitigate their harm, and
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29 In 2018, the Centers for Disease Control
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Disease Control and Prevention, “CDC:
1in 4 US Adults Live with a Disability,”
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find the political and reparative potential in them. Reparative game
creation, informed by affect theory and many forms of psychother-
apy, transforms these affects such as anxiety and depression into
something livable at the very least, and then beyond that to being
informative, community building, and politically provocative. In
imagining a utopian future, let us not imagine one without psycho-
social disability; let’s instead imagine and work toward a future
without compulsory able-bodiedness and able-mindedness, where
psychosocially disabled people have control over their time, where
they are seen as valuable rather than detrimental to society and
productivity, and where their feelings are respected and normative
expectations of emotions, care, relationships, and work are ex-
panded and flexible.

Design for Psychosocial Disability, Not Just Represent It

The focus of reparative game creation is to consider how healing
and disabled practices can be incorporated into the process of mak-
ing, with an intention toward psychosocially disabled creators. A
common practice in making games about marginalization and op-
pression is to incorporate marginalized characters at the level of
character representation. Reparative game creation is about the
structure of a game’s design, the feelings it fosters, and the process
of creating the game, not about representation of disabled and
mentally ill characters. In fact, a reparative game may have no char-
acters at all. Another common design mode for games designed for
social change is to depict oppression or lived experience, such as
disability, but direct the game toward audiences who do not expe-
rience that marginalization as a way of fostering empathy or social
change. Reparative game creation instead is geared toward psycho-
socially disabled and debilitated creators designing for psychoso-
cially disabled and debilitated audiences. Although creators might
want to express our experiences with psychosocial disability or
debility, it is not necessarily to inform an unfamiliar audience but
instead allows us to come together, share experiences, and let each
other know I feel this way, too. The audience is statistically quite
likely to have experienced mental illness and disability. There-
fore, instead of expressing ourselves through videogames intended
for nondisabled people, reparative game creation is self-expres-
sion toward community. This brings up questions related to the
games design, such as is the game meant to bring about anxiety?
How will that affect people with high levels of anxiety? Does it
use addictive patterns? Whom does that benefit? This is not to say
all games should be soothing or calming; I believe all feelings can
be reparative, with reflection and intention. As creators we can try
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to be conscious of what feelings the piece is bringing up, who will
be feeling those feelings, what they are meant to do in the world
through the imagining, designing, creating, prototyping, and play-
testing stages.

The Process of Creation Itself Can Be Reparative, Not Just the Product
The process of making can be a reparative experience for the cre-
ator. This isn't specific to games; there is a long history of process-
based art and art therapy. In game design, this takes away the
player as the ultimate focus, which is the dominant paradigm, while
not necessarily writing players out entirely. As such, it is not as
player-centric as many game design heuristics and models. Games
do not have to be released or widely played to be of value. Yet the
process of making can feel destructive. It is the primary way mak-
ing art is positioned: as our “blood, sweat, and tears,” draining en-
ergy, needing suffering and self-criticism, seeming pointless, time-
consuming, and even physically harmful like crunch. Reparative
game creation foretells that the process can also be healing in self-
reflection, feeling masterful, experimenting, articulating and com-
municating ideas and feelings to others, and in different forms of
self-expression. The process of creation can enable understanding
and refiguring the value of productivity. We need to find our own
strategies that help guide us to one side rather than the other. Suf-
fering is not a necessity of art. Psychosocial disability is not a neces-
sity of art. Many of the reparative game creation principles are ori-
ented toward the making process, not just the end result, in hopes
of marrying the design process to the outcome.

No Addictive Cycles of Frustration and Reward

Most videogames are designed to perpetuate a cycle of frustration
and momentary gratification, work and reward, and obsessive be-
havior to bring out addictive behavior in players. To be addicted to
a videogame is not likely to be the designer’s actual goal; however,
game studios benefit when their players continue playing—and
playing and playing. Players keep paying subscriptions, buying
downloadable content, writing walkthroughs on how to 100% a
game, (unpaid labor), stream (unpaid advertising), buy the sequel,
and more. For most videogame designers and studios, the only rea-
son to stop playing a game is when that game is completed, regard-
less of it being 1 hour or 200 hours. Within reparative game creation,
growing bored is a fine affective outcome. To stop playing because
the player feels satisfied is great. Rather than keep them playing,
the goal is to create self-reflection on their emotional state. Cycles
of frustration and reward, and increasing difficulty, are so deeply
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embedded in game studies’ definitions of games and the cultural
consciousness around games that to design outside of it registers
as not-a-game. Reparative game creation imagines what games
could be if they did not have to include winning, losing, increased
difficulty, score, good paths, bad paths, punishment, or reward.

Anticapitalism and Speculative Utopia

Capitalism is a major factor in mass debilitation. It determines how
we make art, how we believe we should work, the materials we use,
what platforms we distribute on, and which companies profit from
our work. One cannot make a reparative game that requires a new
console of which its production destroys the environment, uses sto-
len labor, or upholds abusive work expectations. A reparative game
is not designed to be addictive to extract money from the player. It
would not be possible for a videogame corporation like Ubisoft to
make reparative games because of their carbon footprint, their cap-
italist business structure, and the burnout rate of their nonunion-
ized employees. I intend reparative game creation to be useful for
independent artists and small studios to inspire a paradigm shift in
game design. It is utopian and speculative; not becoming stagnant
in the belief that what is now will always be. Imagining and work-
ing toward utopia is not about being perfectionistic or unrealistic,
but a refusal of doomed futures, settling for the status quo, and the
stagnation or detriment of healing.

Conclusion

This article offers reparative game creation as a form of research
creation where the process of making art is a source of coming to
critical information, and the art product is a form of making re-
search. It was not my goal to cement the ideas and principles in
perpetuity; rather, the principles are intended to be ever-changing
and nonprescriptive as we become mindful of what strategies work
best when and for what. It resists measurement—at least measure-
ments that reify able-minded-centricity and props up demands to
erase so-called negative feelings. This article outlines what repara-
tive game creation is and its foundational principles to give a prac-
tical framework for those interested in designing more restorative,
reparative, and different games. It aims to reconfigure Sedgwick’s
reparative position into reparative game creation, a mode of mak-
ing games that aims to promote repair, healing, and spaces for
feelings not common in videogames. “Reparative” does not mean
curing or becoming able-bodied or able-minded, but to support and
encourage a vibrant life rather than sap and deplete it. Creating and
sharing videogames that support psychosocial disability is one way
to move toward a more healing and caring media landscape.
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Revisiting the Experience Machine:
A Philosophical Note on the Limits
of Experience Design

Bo A. Christensen

Introduction
Robert Nozick’s example of the experience machine is probably one
of the most discussed thought experiments in the history of twenti-
eth-century philosophy. It is a small section in a chapter called
“Moral Constraint and the State” in Nozick’s Anarchy, State, and Uto-
pia.' It also is part of the genus of interesting philosophical thought
experiments, exemplified by Hilary Putnam’s brains in a vat and
René Descartes’s evil demon.? Here is Nozick’s description:
Suppose there was an experience machine that would
give you any experience you desired. Superduper neuro-
psychologists could stimulate your brain so that you would
think and feel you were writing a great novel, or making
a friend, or reading an interesting book. All the time you
would be floating in a tank, with electrodes attached to
your brain. Should you plug into this machine for life,
preprogramming your life’s experiences? If you are worried
about missing out on desirable experiences, we can suppose
that business enterprises have researched thoroughly the
lives of many others. You can pick and choose from their
large library or smorgasbord of such experiences, selecting
your life’s experiences for, say, the next two years. After
two years have passed, you would have ten minutes or ten
hours out of the tank, to select the experiences of your next
two years. Of course, while in the tank you won’t know that
you're there; you'll think it’s actually happening. Others
can also plug in to have the experiences they want, so
there is no need to stay unplugged to serve them. (Ignore
problems such as who will service the machines if every-
body plugs in). Would you plug in??

By replacing the neuropsychologists with designers and the brain
with experience in the quote, would the experience machine not
become the perfect design model, fulfilling people’s experiences,
needs, and desires? The experience machine thought experiment is
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important because it seems to bracket specific theoretical and prac-
tical discussions about experiences and instead asks a fundamental
question: If designers could make—and people had the opportunity
to choose—the perfect experience, fulfilling all the needs of their
lives, would they care to do it? Nozick’s answer is presumably no—
the fulfillment of experiences and needs is but one aspect of people’s
commitment and caring about their lives within a world that mat-
ters. A broader sense of reality is not capturable by a sole focus on
experiences as the fulfillment of pleasure and needs.

In this article, I present a philosophical thought experiment—
or a kind of speculative design fiction*—using Robert Nozick’s idea
of an experience machine to discuss the relation between experience
and design. The discussion is predominantly philosophical and not
empirical. Hence, I try to lay out the argumentative ramifications of
Nozick’s thought experiment for a general idea of experience design.
I use Marc Hassenzahl’s thoughts on experience design as back-
ground, or case.’ Although I mostly agree with him, I address a level
of existential or lived commitment that serves as a significant back-
ground of how the world matters to us, emphasizing how we care
about it.°

This approach may strike a note of recognition in readers who
are familiar with the experience-centered design of Peter Wright and
John McCarthy, as well as the human-centered design approach
associated with Richard Buchanan and Ian Hargraves.” However,
differences also may be noted between these pragmatic-oriented and
human-centered approaches and the notion of commitment I pursue
here. To contextualize Hassenzahl’s approach, I first present some
trajectories in the development of experience design based on Jodi
Forlizzi and Katja Batterbee, as well as Wright and McCarthy.* I then
explain Hassenzahl’s version of experience design as the means to
bring these trajectories together. I then engage with Nozick’s expe-
rience machine, both by discussing previous interpretations and by
laying out a new interpretation. In light of this new interpretation,
I discuss Hassenzahl’s version of experience design and the pos-
sible consequences when experience design includes the related hu-
man-centered design.

The conclusion and results of this article are twofold. First,
Nozick’s experience machine directs us toward a central aspect of
experience related to existential and lived commitments, which
are not capturable by experience design as presented by Hassenzahl
and others. A commitment characterized by a decentered human
perspective is as important as the human-centered one. Second,
the article reveals that using a philosophical design fiction—like
Nozick’s experience machine—offers a methodological tool for
questioning or deconstructing certain ingrained conceptions related
to experience design.’
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10 Forlizzi and Battarbee, Understanding

Experience.
11 Ibid., 262.
12 Ibid.

Versions of Experience Design

As Forlizzi and Battarbee emphasized, the turning toward experi-
ences in interaction design was a result of moving past a myopic
focus on functionality in design research. Turning to experience
discloses different relevant aspects of experience—physical, sensual,
cognitive, emotional, and aesthetic—that result from the interaction
between people and products. Forlizzi and Battarbee divided expe-
rience design into three categories: product-, user-, and interaction-
centered." The product-centered approach, which is similar to the
functional approach, focuses on the criteria for establishing a good,
usable design. In Nozick’s example, this functionality is simply
assumed: The machine is, as a premise, taken to work as it should.
The user-centered aspect is about understanding people and what
they would find relevant in interacting with the product, and
Forlizzi and Battarbee mentioned Hassenzahl as an example of a
design researcher who espouses this perspective; with his focus on
broadening traditional goal- and task-based thinking to include fun
and action-oriented modes of behavior. In Nozick’s experience
machine example, this approach is tantamount to providing people
with the opportunity to select a diversity of preferable experiences
within the machine. The interaction-centered aspect focuses on
the role of products in bridging designer and user. Wright and
McCarthy’s pragmatic (and phenomenological) approach to the
qualitative aspects of experience, inspired by John Dewey, is men-
tioned here. Regarding Nozick’s example, this third aspect will pro-
vide a genuine first-person experience of being embodied within the
machine, including a pragmatic sense of trial and error and thereby
an experience of learning and gaining knowledge.

Florizzi and Battarbee expanded on this third aspect of inter-
action by describing three elements of experiential interactions.” The
first is a sense of fluency—that is, interactions are more or less auto-
matic, need no attention, and allow us to concentrate on the results,
similar to riding a bicycle and enjoying the weather. The second
element of interaction is a sense of cognition. Here, the focus is on
the product at hand and can result in knowledge, confusion, or the
making of mistakes if the user does not know the product or is learn-
ing to use it. Imagine that when choosing the experiences, the user
wants the experience of learning how to shoot a bow. For this expe-
rience to be as realistic as possible, some effort would need to go
along with the learning process. Experience designers might ask
users how steep a learning curve they want. Whether they opt for a
slow or quick learning uptake, the experience needs to be accompa-
nied by a sense of change in the user, of having learned something.

Designissues: Volume 39, Number 2 Spring 2023

GZ0Z YoIBN O} U0 Jasn AYVHEIT ADOTONHOIL ANV JONIIOS 40 ALISHIAINN NITNA TYNOILYN Aq Jpd i1 200 B 1S9p/2865.02/v1/2/6€/Pd-8l0IHe/ISep/npa W 0a11p//:dRy wol papeojumoq



13

15
16
17
18

Ibid.
Ibid., 263.

Hassenzahl, Experience Design, 8.

Ibid., 29 (italics in the original).
Ibid., 57.
Ibid., 31.

The third element in interaction is expression: “In expressive inter-
action, users may change, modify, or personalize, investing effort in
creating a better fit between person and product.”” Here, the inter-
actions come with narratives, such as learning to shoot a bow for
participating in a competition or for hunting. Of course, these three
aspects of experience can also be tied to the broadly Deweyan un-
derstanding of experience. As in Dewey’s understanding, they are
related to our constant stream of experiencing continuous events
while we are conscious; to the possibility of singling out one partic-
ular experience with a beginning and end, like that of a good meal
experience; and to understanding experience and experiencing as
shaped by social contexts. The experience machine thus epitomizes
the ideal experience design by providing a framework for all the dif-
ferent kinds of interactions, and hence from where different kinds of
experiences spring.

Hassenzahl would agree with much of these descriptions—
especially interactive products having the power to shape what we
feel, think, and do, thus influencing our experience.” However, he
emphasized that a deeper study of experiences has been neglected
in the practice of designing interactive products. He undertook such
a study by combining the three experiential interactions just de-
scribed with goal-oriented behavior. For Hassenzahl, experiences in-
volve “...abstract be-goals, which provide meaning, motivation, and
emotion to an activity; do-goals, which capture concrete, desired out-
comes of activities and plans to achieve those outcomes; and motor-
goals, which regulate activities on an operational level—grabbing,
dragging, pressing buttons and so forth....”

Thus, experience design ought to take all three levels of goals
into account, addressing them in the design process. Aligning all
these goals, Hassenzahl proposed a core for all meaningful and pos-
itive experiences—namely, pleasure is the fulfillment of psycholog-
ical needs, and the role of products is to be instrumental—“that is,
able to create or shape the experience as desired.”"”

Hassenzahl’s proposal of experience design is understand-
able within Nozick’s experience machine, since it incorporates be-,
do-, and motor-goals in creating the most pleasurable experience ful-
filling the psychological needs of an individual. Furthermore, as
Nozick and Hassenzahl claimed, the latter in a true utilitarianist
spirit, negative experiences can be part of this if they serve pleasure
as a more valuable end.” Hence, postponing the satisfaction of some
needs might serve as a final higher pleasure, such as experiencing
strain as part of a learning process. Thus, the experience machine
seems, within a generous interpretation, to capture the entire moti-
vation of doing experience design, especially Hassenzahl’s version.
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Now, as will be argued below, this comes with a challenge as well—
namely, that understanding experiences as the fulfillment of needs
fails to capture all the putative users” experience, indicating a sense

of experience where care and commitment matter.”

A New Interpretation I

The experience machine has been interpreted as approximating the
dichotomy between those who argue for and those who argue
against pleasure—hedonism—as the primary goal of human expe-
rience. One side of the debate claims that Nozick’s argument does
not necessarily undermine hedonism?; for example, “they usually
offer some account as to why people’s alleged preference for reality
ends up supporting, rather than conflicting with, their favored ver-
sion of hedonism.”* The other side believes that Nozick’s argument
is spot on: Hedonism is flawed, and if people were to choose be-
tween pleasurable experiences and a broader experiential reality,
they would choose the latter.?

However, I see another way of interpreting the experience
machine: I suggest that Nozick’s argument is neither for nor against
hedonism, nor is it designed to conclude that people prefer living in
contact with reality. Instead, in my interpretation, Nozick reminds
us that pleasure cannot be all that matters to people. In this sense,
Andrew Moore places Nozick in the “not only” department of ob-
jections against hedonism because people value many things besides
pleasure.® However, Moore fails to consider the things that under-
score the practical manner in which living a life matters to people.
Elaborating on Nozick here, I suggest that this practical manner in
which people care could be depicted as a sort of “existential com-
mitment” (using Haugeland’s words).*

Supporting this argument is Felipe De Brigard’s claim
that the way the experience machine has been interpreted—namely,
as either for or against pleasure as the goal of experiences—is not
the way forward.® However, the experimental “testing” of Nozick’s
thought experiment, as in De Brigard’s own case, is probably not
the only way forward either. For example, Y. Michael Barilan claims
what might be interpreted as the opposite result of De Brigard, albeit
within a different experimental setting.” Barilan’s experimental
results were based on the observation that many terminal patients
do not wish for terminal sedation or euthanasia, despite suffering
terribly. Instead, terminal patients insist on “...the ‘right to die,” link-
ing death itself, not merely the absence of suffering, to the values
of human dignity and self-determination.”? In the practical man-
ner already described, and almost as with some sort of ethical
guidance, Barilan suggests that “[t]he ultimate goal of palliative
care is expected not to be limited to dealings with physical suffering
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(to avoidant hedonic goals), but to sustain a vision of good death in
respect for persons and their autonomy.”* Thus, in some cases, liv-
ing a dignified life matters more than the absence of discomfort.

Despite their differences, De Brigard and Barilan both confirm
Nozick’s objective: that in different experiential situations, different
things seem to matter. This difference might involve a craving for
pleasure, or the possibility of choosing a dignified ending of one’s
life. Nozick thus claims that “[p]erhaps what we desire is to live (an
active verb) ourselves, in contact with reality. (And this, machines
cannot do for us.)”*

Thus, if there is a primary desire for something, and if our
experiences do have one specific goal, as Hassenzahl claims, then it
is for living per se. Experience machines cannot do this—that is, they
cannot live our lives for us. As a tentative understanding in terms
of experience design, this statement probably implies that living
cannot be exhausted by aiming at designing for (user) experiences
only; instead, we need to consider the broader context of life in
which these experiences are embedded. The conjecture here is that
living is dependent on a sense of caring—a human concern not char-
acterizable per se as the fulfillment of needs. This follows from the
incentive behind De Brigard’s claim that “... many things we value
we just don’t value as commodities.”* Things and people matter,
then, in ways that are unimaginable for a machine to handle or a de-
sign to fulfill, at least for a first impression.

A New Interpretation II: What Matters

In several places where he discusses the experience machine, Nozick
uses the term “matters,” which Matthew Silverstein claims is highly
significant.” For some unknown reason, Silverstein does not discuss
Nozick’s early work (1974) but only a later reformulation of the ex-
perience machine (1989).> However, the concept of mattering plays
a role in Nozick’s later and early work. One sense is rhetorical, as in
“What else can matter to us other than how our lives feel from the inside?”*
In another sense, “matters” exemplify cases, where someone or “...
something matters to us, in addition to experience....”* What could
Nozick mean here? One suggestion is that situations occur where
our response to what matters cannot be understood, invoking
experience as desire or fulfillment of pleasure or needs. Instead,
experience is caring about what matters, and Nozick provided three
examples of argument: the argument from acting, the argument from
being somebody, and the argument from being self-defeating.

The argument from acting says that, in most cases, people
want to do things and not just experience the doing of them.” This
distinction is difficult to draw because doing anything without ex-
periencing it at some level is hard; Nozick’s idea may be that most
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people, when they are involved in activities (and not just highly
specialized kinds of activities), presuppose or are concerned about
the correctness of the activity. This “correctness” involves criteria
beyond the experience of just doing the activity, making it matter
in a way surpassing the experience itself. Thus, the old saying,
“learning by doing,” not only is correct but turns out to be imper-
ative. To illustrate, I do not simply want the experience of cycling;
instead, I want to do it—to know what about it matters as an activ-
ity. In learning these matters, I am holding myself responsible to
standards (e.g., traffic rules, health issues, fixing of bikes, etc.) and
not depending on my experience alone.

Nozick’s argument from being somebody claims that,
plugging into the machine, you are not really anybody. “There is no
answer to the question of what a person is like...” when that per-
son has been plugged into the machine a long time. Hence, “...plug-
ging into the machine is a kind of suicide.”* Presumably, Nozick is
suggesting that what makes a person a person cannot be confined
to how this person experiences herself. Being a person means
being recognized as a specific person—that is, by other people
telling and answering (for) who you are. Now, a whole crowd of peo-
ple for whom one matters can be part of the machine, but they are
a result of one’s experience only—that is, they are selected from
the “smorgasbord of experiences,” in Nozick’s memorable phrase.
Thus, the suicide to which Nozick alludes may amount to an ina-
bility to recognize oneself within the machine because all the cri-
teria needed to do so (i.e., to recognize the self as distinguished from
other people) are established by reference only to one’s own (cho-
sen) experiences.

The argument of being self-defeating claims that plugging
into the machine limits us to a human-made reality: “...to a world
no deeper or more important than that which people can con-
struct.”¥ This argument can be divided into two parts. First, it
amounts to a certain dilemma: Eventually, it will occur that the
reality the machine’s user is about to choose is created by his or her
selection of it. But how can users then be sure that the experiences
they are selecting best fulfill their needs? The chosen experiences are
supposed to determine the experience of pleasure in the machine,
thus presupposing that the users’ predilections will remain un-
changed, or will change according to what they have planned
throughout the period they stay in the machine. However, it is
entirely possible that those who plug into the machine cut them-
selves off from obtaining more happiness outside the machine—
either by chance, by forgetting, or simply by not knowing about
something or someone that could make them happier outside the
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machine. The outcome is that a user’s happiness also depends on a
world not of her making and that what she chooses could actually
be self-defeating.

The second part of the argument of being self-defeating
questions whether choices in a human-made reality are actually
choices made in a person’s self-interest. This argument can be clari-
fied using Derek Parfit’'s examples of choices, which are “directly in-
dividually self-defeating.”* Rephrasing Parfit’'s description,® we
might say that a choice (C) is indirectly individually self-defeating
when it is true that, if someone tries to achieve his aims by doing C,
these aims will be, overall, worse achieved. The aim of plugging into
the machine is to achieve pleasure as a fulfillment of needs. Could
the user, in plugging in, actually be worse off or further from achiev-
ing that aim? If so, then plugging into the machine would be self-
defeating. To illustrate, suppose the user is standing in front of the
smorgasbord of experiences, selecting all the experiences he desires.
He is meticulous, making sure that all the things he knows will
fulfill his needs will be part of the experiences. He cannot select any
experience that is too unfamiliar because he cannot know whether
it would give pleasure. In selecting experiences in the vicinity of
what he already knows is pleasurable, his happiness is, in a certain
sense, limited by past experiences of what makes him happy. The
possibility thus exists that one or more experiences from the smor-
gasbord might make him happy, altogether surpassing the chosen
experiences in the machine, but they are not chosen because they are
not known. Plugging into the machine would therefore not be in the
user’s self-interest because he faces the risk of being worse off than
not choosing to plug in.

All three arguments—the last clearer than the other two—sug-
gest that considering plugging into the machine, the user realizes
that he or she is committed in ways exceeding the frame of under-
standing the machine offers. One discovers a world that matters—a
world that is not reducible to the experience of it, and the caring for
this world sometimes implies adopting a less human-centered per-
spective. As noted previously, this view seems close to Wright and
McCarthy’s claim:

The question and the challenge for experience-centered

design researchers and practitioners is to find the means

of harnessing the potential of experience-centered design

to bring about change that really matters to people and to

society and to open up a space where designers can have

the opportunity, once again, to help shape society towards
some of the bigger issues of significance in our lives both
individually and as a society.*
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A decentered human perspective

does not imply a neutral perspective

or a god's eye view. Rather, it means
that caring for what matters comes with
the possibility, or necessity, of setting
aside a predominant focus on human
needs, desires, values, or experiences.
Hence, a focus on sustainability might
mean giving up on certain human needs
or desires, thereby decentering the
human perspective.

De Brigard, If You Like It; Barilan, Nozick's
Experience Machine.

The argument I present here agrees with the challenge pre-
sented for experience design. However, Wright and McCarthy’s no-
tion of what really matters to people is vague and fails to clarify how
we are to understand it. Furthermore, it allows for opposite perspec-
tives to be equally valid, indicating the need to address different lev-
els of “mattering.” For example, to a smoker, cigarettes matter; to his
doctor, his stopping smoking is what matters. Obviously, the doctor
is right regarding what really matters, but can a general distinction
be made that makes these levels of mattering explicit?

A better approach would be the human-centered design
(HCD) proposed by Hargraves.* Here, the mattering of people—
involving care—serves as a condition. Experience in this case “...is
not simply the impact of a product, nor a class of design products.
Experience at its core is concerned with human life and living, and
design’s participation in its honoring, cultivation, shaping and re-
shaping.”# Taking his departure from IDEO’S understanding of
HCD, Hargraves claims that experience thus implies that capacities
and opportunities for exercising human power to make a difference
in the world become important. However, he also warns—rightly—
against this notion of opportunity becoming a sole demonstration of
what designers can do, while failing to provide us with an under-
standing of what thereby is “...to be centered by the human, or the
person, or the patient in design.”* Asking instead why designers
should do what they do, Hargraves follows Buchanan, claiming that
the answer to this “why” turns not on usability or user experiences,
but on strengthening human dignity. Design should support the
dignity of human lives in different social, economic, political, and
cultural circumstances.*

I agree with the incentive behind Hargrave’s point while also
asserting that human dignity is essentially a contested concept. It can
be used to argue both for abortion, protecting the mother, and
against abortion, protecting the right of the fetus. Furthermore, and
more worrisome in our Anthropocene age, it might block the in-
sight of developing an approach to design that is human decentered
or post-human®—where the actions of humans must be contextu-
alized, put into perspective, or seen as needing to be naturally
limited by a world where other species and the limits to natural
resources is center as well.* In the following section, I explore how
Haugeland (and Lance) can help, pointing to a notion of commit-
ment capable of incorporating a caring for both human-centered and
-decentered matters.

Existential Commitment

It was claimed above that there was a significant way of interpret-
ing Nozick’s experience machine without understanding it as an
argument either for or against hedonism, as it is often interpreted.”
Nozick’s arguments from acting, from being somebody, and from
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the self-defeating argument(s) were all three taken to show that
things, persons, or circumstances could matter through their impor-
tance, exceeding our possible experience of them. Relating this
insight to experience design indicates that experience is more than
Hassenzahl’s fulfillment of needs or a human-centered perspec-
tive. It involves holding oneself responsible for and caring about
matters not of one’s making, and in terms of the three arguments, it
involves doing so in practice, as a social relation and as a complex
uncontrollable context. Furthermore, note that the subject matter of
the three arguments can be related to but also expand Hassenzahl’s
three goals that makeup experience: motor (i.e., the concrete experi-
encing), doing (i.e., pursuing one’s goals as dependent on other peo-
ple), and being (a complex context functioning as a resource of mean-
ing). This expansion can be elucidated by turning to American
philosopher John Haugeland’s distinction between deontic and ex-
istential commitments.

Haugeland notes that most of our engagements with our sur-
roundings are accompanied by a commitment to some what and
some who of this engagement. Take the experience of playing a game
of chess. Partaking in a game of chess commits you to certain rules
of moving the pieces in distinct ways, to not using your opponent’s
pieces, and, upon winning or losing, to behave in a way suitable for
the character of chess. Hence, playing chess commits you, in a
specific sense, to the rules, with the pieces and the board, toward the
opponent, and perhaps some audience—all things, manners, and
persons that matter when being engaged in a chess game. Refusing
to abide by the rules is not necessarily tantamount to not playing;
but what one is playing, then, is just not chess.

Haugeland divides commitments into two categories: de-
ontic and existential. A deontic commitment is an obligation or duty,
a way that one is supposed to behave: “Making a commitment to the
rules of the game means, in this sense, undertaking an obligation to
play by the rules—say, by entering into (or implying) an agreement.
Someone who fails to abide by such a commitment is corrected, or,
if incorrigible, rejected as a player.”* However, the existential com-
mitment is more than an obligation; it is a dedicated way of living,
“...a determination to maintain and carry on.”# This is a resolute
commitment, “...not ‘to” other players or people, or even to one-
self, but rather to an ongoing, concrete game, project, or life.... [I]tis
a way, a style, a mode of playing, working or living... that relies and
is prepared to insist on that which is constitutive of its own possi-
bility, the conditions of its intelligibility.”* Hence, marriage and
a monastic vow are expressions of deontic commitment, whereas
love and faith are existential commitments. The latter is not an obli-
gation in the sense of just doing one’s duty to other people. Instead,
it is a manifestation of the resoluteness of taking responsibility for
the conditions of the possibility of a way, style, or mode of living.
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This commitment is not just a matter of following the rules implied
by the obligations; it is a concern for the possibility of this way of liv-
ing (including the what and the who) to which one is committed. It is
a consideration not for the experience in itself but for what and who
make this experience possible.

The two kinds of commitments entail two kinds of responsi-
bilities, according to Haugeland. Being responsible in a deontic sense
is being responsible only for the character and consequences of one’s
own behavior. Thus, the responsibility that the action of plugging
into the experience machine entails—namely, what a person is com-
mitting to by being in the machine—revolves around no other than
this person.

In this regard, when Hassenzahl wrote about the normative
powers of design and referred to designers who make overly waste-
ful cars, thus disregarding their responsibility by claiming that this
design is what consumers want, they lack deontic responsibility.” As
Hassenzahl phrased it, the designer must “...[take] on the responsi-
bility for the particular way of fulfilling a need she or he just devised.
Each product is a proposition, and we cannot escape the fact that it
has the power to change how people feel, think, and act. To do this
consciously is important.”* These designers fail to undertake the ob-
ligation of playing by the rules because they fail to consider the nor-
mative powers of design.

In contrast, existential responsibility is a responsibility encom-
passing the conditions for which a given commitment depends.
Therefore, it entails “...responsiveness to the constituted phenom-
ena, in particular with regard to their compliance with the standards
in accord with which they are constituted.”® To use the chess exam-
ple, a chess player is committed not only to following the rules but
also to observing whether the opponent is playing by the rules.
However, this commitment is not tantamount to “...an agreement to
play by the rules, on pain of being rejected, but rather [is] an in-
volved insistent way of responding and playing, so of finding things
and dealing with them, on pain of ‘giving up the game.””* Most of
Haugeland’s examples are taken from a natural scientific context,
where responsibility is tied to scientists’ dealings with incompatibil-
ities disclosed through their work. Existential responsibility means
responding to this incompatibility in a non-conformist fashion; it is
unacceptable and thus requires a willingness to disregard previous
scientific practices, replacing them with new ones so that the incom-
patibilities do not show up again. Nevertheless, existential respon-
sibility works in the case of the car designers, and in more mundane
cases as well.

Returning to the car designers in Hassenzahl’s example, the
what would indicate thinking about what transportation as a way of
life would mean. It would have to expand the dimension of user
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experience to incorporate knowledge (authoritative criteria) from
researchers in the sciences. The commitment is to working with and
learning from new and developing materials, investigating alterna-
tive practices of transportation, developing new infrastructures, and
being concerned with sustainable economies. The who would incor-
porate a social dimension—that is, that we answer to other people
in the present and future. This commitment minimally would in-
volve thinking about how the issue of transportation is a matter of
connecting personal and public values and interests and would
include caring as the developing of an ethical awareness that incor-
porates guidelines, such as the precautionary principle or a cradle-
to-cradle dimension in our design practices.

Existential Commitment and Design

This perspective on experience broadens the sense of normativity in
the normative powers of design, to which Hassenzahl referred.
Rather than merely considering the effect of design on people, we
move toward inquiring into the overall conditions and possibility of
this normativity and include a decentered human perspective in
Hargraves’s human-centered design. Therefore, in experience de-
sign, when particular activities are suggested through an interactive
product, hopefully leading to a good and appropriate experience of
need fulfillment, such suggestions will be expanded by elaborating
on the appropriateness of the interactive product in relation to a way
of living.» This view connects the designer and consumer in a mu-
tual commitment as partakers and caretakers—not of the car busi-
ness as such, but of transportation and its consequences on our way
of living. The designer and the consumer, therefore, both have a
responsibility to consider the fulfillment of needs, the design, and
the desire for an experience, as constrained by a commitment to a
way of living as mattering more than the fulfillment of a particular
need or a pure human-centered perspective. In congruence with
Nozick’s interpretation, this perspective is not for or against under-
standing experience as the satisfaction of desires or needs; instead,
it claims experience as embedded within a broader context of com-
mitment and responsibility—that is, within a life that matters. What
humans experience matters to them; they care about it in more ways
than just centering on their needs and values.

To add a final facet to this perspective, the focus on caring and
mattering reveals that experience design already is connected to po-
litical and sociological discussions as part of the normative power of
design. Likewise, and as a result, it is connected with different
strands of critical design and existential design, as well as post-phe-
nomenologically—inspired design methodology.®
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Closing

The aim of this study was to offer a theoretical discussion of the no-
tion of experience, departing from a reinterpretation of Nozick’s
concept of an experience machine as a philosophical design fiction
and connecting to different notions of experience design. Nozick’s
experience machine implies that understanding experience as the
fulfillment of needs, as pleasure, or as too human centered is limited.
These notions of experience fail to consider the commitments and
responsibilities related to the way experience is embedded in and re-
sponsive to a complex reality that is not of its making. We explored
this notion of experience using John Haugeland’s idea of caring as
a form of existential commitment, and we tentatively sketched the
consequences of using it in relation to design in a very general fash-
ion. This philosophical design fiction has allowed us to question the
overall human centeredness of “experience” as used in experience
design, pointing us toward a sense of the decenteredness involved

when experience means caring for what matters.
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The Influence of Fonts on the
Reading Performance in
Easy-to-Read Texts: A Legibility
Study with 145 Participants
Sabina Sieghart

What Is Easy-to-Read Language?

Easy-to-read language is used as a tool for barrier-free communica-
tion and is becoming increasingly important. Bureaucratic offices,
institutions, and companies have been legally obliged to make infor-
mation freely accessible since the United Nations Convention on the
Rights of Persons with Disabilities came into force in 2009.! The con-
cept of easy-to-read language aims to provide people with cognitive
disabilities with information in a form that they can understand,
thereby enabling them to participate in our literate society. For this
purpose, the texts are linguistically simplified and visually prepro-
cessed. The practice is characterized by rigidly defined linguistic and
typographic rules.?

The most widespread German rulebook requests a sans-serif
font and recommends the Arial font in at least a type size of 14 point
as a good example.’* However, this recommendation contradicts the
findings of general legibility research.* The font recommendation is
based on the practice of the German easy-to-read language, reflecting
the possibilities of lay designers who only had MS Word system
fonts at their disposal.’ These recommendations, which were not
supported by research, were repeatedly and unquestioningly imple-
mented and cited in several other guidelines. In fact, no study thus
far has examined the effect of the fonts on reading with the target
group. The study on which we report in this article aims to close this
gap and to provide a scientific basis for making informed font selec-

tion decisions.

How Important Is Font Selection for a Text’s Understanding?

Thanks to recent scientific findings, we know that reading is a
complex process for which our brain has no predisposition.® Visual
areas must be linked to speech areas to connect the visual input of
a written word with meaning and pronunciation. The first step in
the reading process is to decipher or decode what we are seeing. The
visual information must first be absorbed before it can be provided
with linguistic meaning in a complex process. Only then do other
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Fonts and Reading, ed. Mary Dyson

and Ching Y. Suen, Series on Language
Processing, Pattern Recognition, and
Intelligent Systems (Singapore: World
Scientific, 2016), 22.

The term nano typography is relatively
new and was first used jokingly by Karin
and Bertram Schmidt-Friedrichs in the
preface to their book, Karen Cheng
Anatomie der Buchstaben [Anatomy of
the Letters], (Mainz: Verlag Hermann
Schmidt, 2013). See also Johannes
Bergerhausen, “Nano, Mikro, Makro," in
Subtext: Typedesign, ed. Andreas Pawlik
and Martin Tiefenthaler (Salenstein:
Niggli Verlag, Schweiz, 2017), 433.

lllustration

Font Arial

[1lustration

Font Thesis TheSerif

cognitive processes come into play, enabling the content of the
text to be understood. A font that facilitates this first step is described
as “legible.””

The choice of font is crucial: “Letterforms that correspond to
the physiology of the retina and the visual cortex” facilitate recep-
tion.® Letters must be recognizable and distinguishable and have
open forms; they also must have a good amount of stroke contrast.’
This feature is particularly applicable for people with visual impair-
ments’—but it does not apply to the Arial font. For instance, the let-
ters lowercase [ and capital I are not visually different enough (see
Figure 1). In addition, the gray value is too dark, and the 2 and s are
too closed.™

Studies of the reading process have shown that the decoding
of characters takes place on a purely physical level: the “psycho-mo-
tor domain”"* or the “sensory level.”” The question is whether the
eye apparatus (i.e., the physical prerequisites for decoding) works
in the same way for readers of easy-to-read language as for non-im-
paired readers.

The design of the glyphs of a font, as described, can be sub-
sumed under the term, nano typography.* In the course of the read-
ing process, other typographical factors come into play. Here, we can
distinguish between the areas of micro and macro typography. Micro
typography describes the fine adjustments in typesetting, such as
font size, line spacing (i.e., leading), and line length, as well as forms
of typographic emphasis, which can include the use of bold, italics,
and small caps, and orthographic decisions, like the use of the cor-
rect quotation marks. The resulting white spaces within and between
the lines are relevant to the reading process. If they are “physiolog-
ically beneficial and semantically clearly organized,” the decoding
process will be easier.”®

Macro typography refers to the layout—that is, the arrange-
ment of the text on the medium. Through typical arrangements
of patterns, design genres develop, which give the reader visual
clues about the content to be expected. A previous study showed
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Tiefenthaler, “Zuerst liesst der Korper”
[The Body Reads First], 28.

Sabina Sieghart, “The Influence of Macro
Typography on the Comprehensibility of
Texts in Easy-to-Read Language: An
Empirical Study,” Visible Language 54,
no. 3 (2020): 48-95.

Ralf Hermann, "Das Zwiebelschichten-
modell der Lesbarkeit” [The Onion Layer
Model of Readability], Typo Journal, no. 2
(2010): 3.

Sofie Beier, Reading Letters, Designing
for Legibility (Amsterdam: BIS Publish-
ers, 2012), 10-20.

Ole Lund, “Knowledge Construction in
Typography: The Case of Legibility
Research and the Legibility of Sans Serif
Typefaces” (Master's thesis, University
of Reading: 1999), 247.

Ibid., 82-83.

John T. E. Richardson, The Legibility of
Serif and Sans Serif Typefaces: Reading
from Paper and Reading from Screens
(Cambridge: SpringerBriefs in Education,
2022), 130.

that readers of easy-to-read language are familiar with the typical
design genres and that they use macro-typographical cues to gener-
ate meaning.'

In summary, nano and micro typography make text legible
at a level of detail, while macro typography makes text readable
through structuring at a meta-level. However, such legibility does
not guarantee that the text will be understood; a book in an
unknown language remains incomprehensible, even with legible
typography. Ralf Hermann describes this differentiation, which
was made as early as 1796 by German linguist Johann Christoph
Adelung, and concludes that “Readability is always dependent on
the recipient, in contrast to the rather universal definition of legibil-
ity.””7 In addition to linguistic and typographical levels, other factors
also influence one’s comprehension, such as the reader’s environ-
ment, prior knowledge, and cognitive abilities.

Criticism and Potential for Improvement of Previous

Legibility Studies

Legibility studies have been conducted for 150 years.”® For almost
as long, studies have addressed the question of whether fonts are
more legible with serifs or without them. Two meta-studies summa-
rize the problems of most such studies. In 1999, typographer Ole
Lund counted 72 studies on this topic and analyzed 28 of them. He
certifies that almost all studies have serious errors in the structure of
the test material and a lack of “internal validity.”* That is, whether
a causal relationship exists between the manipulation of the inde-
pendent experimental variables and the observed outcomes is not
clear. In addition, the “external validity” (here, he means the coher-
ence between the test situation and the target situation) often is
not given, either.® In 2022, cognitive psychologist John Richardson
criticizes the lack of empirical evidence in various studies and the
biased approach of some researchers. His conclusion—that “[t]here
is no difference in the legibility of serif and sans serif”—is highly
questionable for two reasons.” First, he treats the results of all stud-
ies equally, although he questions the empirical validity of some of
them. Second, that he does not seem to have penetrated the complex
terrain of typography is striking, and therefore, unlike Lund, he is
unable to assess the internal validity of the studies.

Meanwhile, design researcher Ann Bessemans sees one
reason for the lack of validity in the fact that these studies were de-
veloped either by cognitive scientists with insufficient professional
knowledge of typography or by designers with a lack of scientific
competence. On the one hand, insufficient test material is created or
selected, the wrong terminology is used, and poorly designed fonts
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Ann Bessemans, “The Gap Between
Science and Typography,” in Design for
Visual Communication Challenges and
Priorities, ed. Klimis Mastoridis, Niki
Sioki, and Mary Dyson (Cambridge:
Scholars Publishing, 2019), 20.

Ann Bessemans, "Academic Research

into Typographic Design at the Beginning

of a New Era,"in Visible Language 56,
no 2 (2022), 85.

Bjorn Schumacher, “Leserlichkeit von
Druckschriften heute = Mdglichkeiten
empirischer Leserlichkeitsforschung,”
[Readability of Printed Matter Today:
Possibilities of Empirical Readability
Research] in Lesbar. Typografie in

der Wissensvermittlung [Readable:
Typography in Knowledge Transfer],
ed. Rudolf Paulus Gorbach and

Ulrike Borinski (Zrich: Triest Verlag,
2019), 240.

Deutsches Institut fiir Normung (DIN)
[German Institute for Standardisation],
Schriften—Leserlichkeit [Lettering—
Legibility] (Berlin: Beuth Verlag, DIN
1450:2013-04:4).

Antonia Cornelius, “Gestaltung von
leserlichen Schriften - Was niitzt

uns die Forschung,” [Designing Legible
Typefaces: What is the Benefit of
Research?] in Lesbar. Typografie in
der Wissensvermittlung [Readable:
Typography in Knowledge Transfer],
ed. Rudolf Paulus Gorbach and

Ulrike Borinski (ZUrich: Triest Verlag,
2019), 234.

Bessemans, “The Gap Between Science
and Typography,” 7.

This applies to various Dyslexie fonts.

are tested. On the other hand, designers tend to present their “find-
ings” as truths that are not scientifically backed. Bessemans also
concludes that “many legibility studies focusing on the influence of
design, both within cognitive science and within the design world,
lack internal and / or external validity.”* This shortcoming began to
change in 2006 in Europe, when the famous typographer, Gerard
Unger, became a professor of typography at Leiden University.” In
this position, he was able to supervise various PhD researchers who
conducted legibility experiments in a methodologically sound man-
ner, thus producing a series of valid legibility studies (although not
in my field of research with easy-to-read language).

Criteria for Valid Legibility Studies

Based on the criticisms of Lund, Richardson, and Bessemans, I iden-
tified eight factors that affect the validity of legibility studies. My
goal was to provide a set of specifications that would serve as a
theoretical foundation—not only for this study but also for future
studies. I established the requirements for this study in close dia-
logue with typographer Albert-Jan Pool, to whom I offer my grati-
tude for his valuable input on the study’s conceptual design. The
eight factors are:

Factor 1: For font comparisons, the fonts need to be shown so that
their x-heights are the same size. Fonts often have been compared at the
same point size. This approach falsifies the results because the opti-
cal size of a font is neglected. In mixed-case settings, this size is
determined by the x-height.* However, the “point” as a unit of
measure refers to the body height of the traditional movable metal
type. Because a font can have long or short ascenders or descenders,
cap heights may differ by up to 20 percent at the same point size;
x-heights differ between fonts by up to 40 percent and descenders
by up to 30 percent.”

Factor 2: Equal contrast ratios are crucial. If completely different
fonts are compared with each other, making a valid statement as to
which detail is decisive for legibility is impossible. The contrast ra-
tios of the fonts (and with them, the various form principles, stroke
thicknesses, and gray values) must be considered.* Therefore, a font
family with and without serifs should be chosen because they are
based on the same letterforms and, thus, contrast ratios are equal.

Factor 3: Test fonts have to be of sufficient quality. So-called “Labo
fonts” (laboratory typefaces) are developed exclusively for experi-
mental research purposes and do not meet type design’s quality
requirements.” They sometimes have bizarre letter shapes that
deviate too much from the formal principles of typefaces intended
for immersive reading.®

Factor 4: Typography’s complex interrelationships need to be
considered. Superficially, only changing one variable and leaving
the rest in common seems sensible. However, this approach does
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Lund, Knowledge Construction in
Typography, 61-65.

Bessemans, “The Gap Between Science
and Typography,” 6.

Miles A. Tinker, “Influence of Simultane-
ous Variation in Size of Type, Width of
Line, and Leading for Newspaper Type,”
in Journal of Applied Psychology 47, no.
6(1963): 380-82.

Dirk Wendt, “Lesbarkeit von Druck-
schriften” [Readability of Print] in Lesen
Erkennen [Reading Recognition], ed.
Rudolf Paulus Gorbach (Munich: Typo-
graphische Gesellschaft Miinchen,
2000), 32-45.

Lund, Knowledge Construction in Typo-
graphy, 232.

Wendt, “Lesbarkeit von Druckschriften”
[Readability of Print], 32-45.

Waller, The Typographic Contribution to
Language, 28-37.

not account for typography’s complex interrelationships. For in-
stance, if the font size is changed, the line spacing and line length
must also be adjusted.”

Factor 5: The typesetting has to correspond to craftsmanship stan-
dards. Test material must exhibit optimal typographic settings on the
micro and macro levels and be comprehensible for typographers.®
For instance, a text block that is set justified but is full of gaps is so
detrimental to the flow that it interferes with the effect of the font se-
lection and no longer is measurable.

Factor 6: The test methods have to be appropriate for the problem.
There is a big difference between reading signs on the highway and
leisurely reading a book, magazine, or newspaper. We are interested
in the legibility of text in print. Miles Tinker, who conducted some
of the most comprehensive legibility studies, compared various
methods of assessment and identified speed-of-reading as the most
appropriate method.” Dirk Wendt adapted and optimized the test
method and enriched it with a statistical evaluation method.”

Factor 7: A sufficient number of subjects suitable for the test is re-
quired. Participatory testing is not only a requirement for texts in
easy-to-read language but also the most appropriate methodologi-
cal approach.” Readers of easy-to-read language are a heterogeneous
group with a wide variety of limitations. In addition, the testing
groups are often very small (on average, two to five people per of-
fice), and they have been testing for years according to specified test
catalogs that strictly adhere to existing policies. Therefore, assem-
bling a sufficiently large, unbiased, and heterogeneous test group is
important.

Factor 8: The test situation should correspond to the accustomed
reading situation. An unfamiliar environment (like a lab situation) cre-
ates commotion and stress and is detrimental to our target audience.
A foreign language text or dummy text is confusing for the target
audience. The test should therefore be carried out in a normal, re-
laxed reading situation.

Study Structure, Test Material, and Questionnaire

In this study, we compared the Arial font and the Thesis font family
(five fonts in total) at identical x-heights (with a comparable contrast
ratio and appearance, in terms of size), according to Wendt's opti-
mized Tinker-Speed-of-Reading-Test.* We thus are examining two
of the specifications from common easy-to-read language policies: The
specification that a sans serif font like Arial be used and set at a
minimum of 14 points. However, the font selection also inevitably
affects another aspect: Every piece of writing has a connotation—
that is, a meaning that is felt. We wanted to know whether readers
of easy-to-read language perceive this aspect of the font—the “affec-
tive domain.”*
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dd

Thesis TheSans TheMix

Figure 2

For fair font comparison, the letter forms
need to be similar and of equal x-height. Top
row: The Thesis font family (from left to right:
Thesis TheSans, TheMix, TheSerif, and
AntiquaB, and all styles superimposed);
bottom row (from left to right): Arial, Thesis
TheSans, and both fonts superimposed.

36 Cornelius, Buchstaben im Kopf [Letters in
the head], 118.

37 Luc(as) De Groot, https://www.lucas-
fonts.com/about/thesis (accessed
December 13, 2022).

38 Our line spacing, line length, and
balanced left-aligned, ragged-right
text corresponded to good typographic
practices. A baseline grid ensured that
the body text remained in register—that
is, the white space between lines was
not marred by letters showing through
from the other side of the paper. The
clear structure of the lines on the page
helped readers to find the beginning of
the next line more easily. The booklets
were in A5 format and were printed on
120-gram off-white uncoated paper,
folded, and bound with staples.

TheSerif TheAntiqua B All Styles Thesis
Superimposed

Arial, 12 pt TheSans, 12.5 pt Arial and Thesis TheSans
Superimposed

The test material consisted of booklets that used one of the
five fonts on each two-page spread. We distributed five different
booklet types, and the order in which the fonts appear differed in
each one. Thus, we were able to compensate for the expected effect
of fatigue when reading. We used five continuous sections of a novel
corresponding to the A2 reading level as the text to be read. In this
text, we also inserted two names (Illona and Arne) to test critical
letter combinations: “1” and “I” often are hardly distinguishable
from one another, and “rn” is difficult to read in sans serif fonts that
are spaced too tightly or set at too small of a size; in these situations,
it can be read mistakenly as an “m.”*
The five fonts we tested included Arial and Thesis TheSans,
TheMix, TheSerif, and TheAntiquaB (see Figure 2). The four differ-
ent Thesis styles do not differ in the shape of their letterforms, but
only in the serifs and stroke-thickness modulation. We chose the
Thesis font family from Luc(as) de Groot because it is one of the
most comprehensive font families and is considered very legible.
In addition, the font family variant called TheAntiquaB is based
on the same formal principle but has the typical stroke-thickness
modulation of an medium-contrast oldstyle font.” These options al-
lowed us to compare not only the individual fonts but also several
formal principles:
¢ The effect of the formal principles in sans serif fonts:
Arial vs. TheSans;

e The contribution of the serifs: TheSans vs. TheMix vs.
TheSerif; and

e The influence of the modulation of the stroke thickness:
TheSerif vs. TheAntiquaB.

In terms of typesetting, we paid attention to optimal typographic
design and technically flawless processing.*
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39 Though 145 participants took part in
the main test, two are excluded from
this analysis (for no. 24, two fonts were
the fastest; for no. 170, the character
specification for one font is missing).

The questionnaires were developed iteratively and adapted
after the pilot. After each page of text, the subjects answered ques-
tions about the respective font and subsequently about their personal
reading habits. We noted whether the critical letter combinations in
“Ilona” and “Arne” were read correctly, as well as how the test sub-
ject felt about the font’s size. We repeated this questioning process
for all five texts. After the reading test, we asked questions about
reading habits and reading levels.

Test Procedure, Pre-Test, and Test Groups

Each person being tested received a test set consisting of a question-
naire and a booklet. The test facilitators briefly explained the test’s
setup. The point was not to read as quickly as possible but to test the
different fonts in a familiar reading mode. The number of characters
from the respective fonts that were read in one minute was recorded.
To capture this data, the test persons read the text, and a ring tone
sounded off after one minute. The reader and test facilitator then
marked the last letter as read and filled out the relevant part of
the questionnaire.

The test material for the pre-test had an x-height of 2.38 mm
(equivalent to 13.5 or 13 pts), which was rated as “large enough” by
all five pilot test readers. Therefore, for the main test, we reduced the
x-height to 2.25 mm, corresponding to the type size of 12 pts for the
Arial font and 12.5 pts for the fonts in the Thesis family.

The main test was carried out in cooperation with capito, a
social franchise network specializing in easy-to-read language services.
In Germany and Austria capito has branches in 20 cities and, of its
565 employees, 324 have disabilities. The philosophy of capito is to
select individuals who are representative of the target audiences. The
primary occupation of the individuals selected should focus on
something other than test-reading, and they should not hold certain
concepts about how products in easy-to-read language should look. By
incorporating the testing into capito’s daily business, we were able
to provide a familiar test environment. From among capito’s dis-
abled employees, 145 test subjects took part in the main test. The ex-
ecution of the tests was organized by Christian Nolte. The statistical
analysis was performed by Claudia Zimmermann.

Results Concerning the Font Style
The following results concern the first specification: The choice
of fonts.

Which Font Is Read the Fastest?

Of 143 participants, 27.3 percent read TheSans the fastest, followed
by Arial (21.7%), TheAntiqua (18.2%), TheMix (16.8%), and TheSerif
(16.1%).* Thus, just over half of the readers read one of the serif fonts
the fastest (see Figure 3).

Design/ssues: Volume 39, Number 3 Summer 2023

GZ0Z UDJBI 0L UO 49N AYVYHEIT ADOTONHOIL ANV JONTIOS 40 ALISHIAINN NITNA TYNOILYN Aq Jpd 2200 € 1S8p/290111.2/0€/€/6€/4Pd-001lE/ISOP/NPS W I081Ip//:dY WOl papeojumoq



27.3% TheSans —
21.7% Arial

| 48.9% Sans

18.2% TheAntiquaB —

16.8% TheMix ———— 51.1% Serif

16.1% TheSerif ——

Figure 3

Fonts read the fastest (highest number of
characters per reader). All graphs designed
by the author.

Which Font Is Read the Fastest on Average?

The mean values of the reading speed for the individual fonts show
that TheSans was read the fastest, with an average of 622.14 charac-
ters per minute; therefore, it led to a significantly faster read. The
mean values of the other four fonts are very close—that is, the read-
ing speeds for the other fonts are roughly the same, although Arial
performed the worst (see Figure 4).

Characters per Minute | Arial TheSans TheSerif TheAntiquaB | TheMix

N 145 145 145 145 145

Mean 596.68 62214 600.37 596.83 601.35
Figure 4 Does the Reading Level Affect the Results?

Average characters read per minute by font.

40 Only 35 percent of the readers who
classified themselves as reading "very
well" on the questionnaire fall into the
same category based on their actual
reading speed, while 54.7 percent of
the "moderately well” readers do.

On the questionnaire, only 5 people
classified themselves as "not so well,”
but 33 people had a “poor” reading
speed in the tests.

41 The reading speed for each reading
level is 0 to 399 characters per minute
for poor readers, 400 to 800 characters
per minute for moderate readers, and
801 characters or more per minute for
good readers. We calculated the average
reading speed for all five texts and
categorized the participants into one of
the three groups based on their results:
24.1 percent were classified as poor
readers, 54.5 percent as moderate read-
ers, and 21.4 percent as good readers.

We determined the test subjects’ reading levels first in the question-
naire and then also classified the reading levels through their char-
acters per minute. The results of the two different classifications of
the reading level (questionnaire vs. reading speed) do not exhibit a
particularly high level of agreement (r,=0.292, p=0.001).* For the
evaluation, we decided to use the classification by the number of
characters per minute as our basis.* Accordingly, among the poor
readers (35 participants), the largest proportion read texts set in The-
Sans the fastest (37.1%). TheMix followed in second place at a clear
distance (20.0%). Our largest group was the moderate-level readers
(78 participants). The font read fastest by the highest percentage of
people in this group was Arial (26.9%), followed by TheSans (23.1%).
Among the good readers (30 participants), TheSans (26.7%) was
again ahead, with TheMix in second place (23.3%). Thus, the good
and poor readers exhibited similar behavior in terms of the fonts
they read the fastest, but TheSans’s dominance among poor readers
is even more evident. Of course, these distributions must be inter-
preted with great caution because the number of cases for both good
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Fastest Font
Arial TheSans TheSerif TheAntiquaB | TheMix total (N)
c | poor 6 13 5 4 7 35
% 17.1% 37.1% 14.3% 11.4% 20.0%
*§ moderate |21 18 13 16 10 78
g 26.9% 23.1% 16.7% 20.5% 12.8%
;; good 4 8 5 6 7 30
] 13.3% 26.7% 16.7% 20.0% 23.3%
%o total 31 39 23 26 24 143
(3]
& 21.7% 27.3% 16.1% 18.2% 16.8%
Figure 5 and poor readers is very low (see Figure 5). Looking at the number

Cross-tabulation reading level and

reading speed of the five fonts (characters

per minute).

of characters read by the poor reading group (0 to 399 characters per
minute), we find that these 35 readers often had read only three lines
(or a maximum of nine lines or one paragraph). With so few lines,
one of the advantages of serif fonts—their good guidance of the ser-
ifs across the line of text—is not so key a consideration.

Do Visual Impairments Affect the Results?

Arial and TheSans (27.8% each) were the fastest-read fonts for par-
ticipants with visual impairments; TheSans and TheAntiqua (22.6%
each) were the fastest-read fonts for those without visual impair-
ments. However, we made a mistake here and formulated our ques-
tions incorrectly. We asked: “Does the test person have a visual im-
pairment?” “Does she use a reading aid?” In doing so, we did not
consider that a visual aid (e.g., glasses) normally corrects the ame-
tropia and does not provide any information about who was actu-
ally affected by impaired vision when the reading test was carried
out. We should have asked: “Do you have a visual impairment de-
spite corrective lenses? If yes, what is it?” Therefore, we cannot make
any statement about the influence of visual impairments.

Did the Order of the Texts Play a Role in Reading Time?

Because our test group has reading difficulties, we assumed that fa-
tigue would set in over the course of the test and that the texts would
be read more slowly toward the end. For this reason, we varied the
order of the fonts so that, for example, Arial would be read as the
first text for some readers and as the second, third, fourth, or fifth
text for other readers. The statistical evaluation showed exactly the
opposite of our assumption. The longer the test lasted, the faster the
readers read across all fonts (see Figure 6).
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Characters per Minute | Text 1 Text 2 Text 3 Text 4 Text 5
Standard Deviation 288.456 229.238 228.928 215.459 235.758
Mean 557.68 595.99 610.20 613.61 62734

Figure 6 Is “Ilona” Misread More Often in the Arial Font Than in Other Fonts?

Increased reading speed over the test
duration (characters per minute).

42 Luc(as) De Groot https://lucasfonts.
com/fonts/the-sans/info (accessed
December 13, 2022).

43 DIN, Schriften—Leserlichkeit [Lettering—
legibility],1450:2013-04, 21.

We inserted proper names in the text to test readers’ confusion with
like-appearing letters. The letter combination I/ in the name Ilona
cannot be deciphered in the Arial font if the reader does not know
the name because the letters hardly differ and cannot be clearly
assigned to the sound (i.e., “i” or “el”). However, in the styles of
the Thesis typeface family, the two letters do differ. The evaluation
shows that the percentage of those who misread Ilona is approxi-
mately the same across all fonts—between 13.2% (TheAntiquaB) and
15.3% (Arial and TheSans).

We also discovered that the readers from Germany stumbled
over the words Ossiacher See and often misread the location, while
the test readers from Austria had no problem with it. The name of
the lake is well-known in Austria but not in Germany.

These two observations indicate that readers of easy-to-
read language use the lexical way of reading more than previously

assumed.

Discussion of the Font Style Results
In summary, we can state that the font Thesis TheSans is read signif-
icantly faster than Arial and all other fonts examined in the study.
Arial performed worst in the overall comparison, and fonts with ser-
ifs were read slightly faster than Arial. We did not get a clear answer
to the question about which kind of serifs are good. All three fonts
with serifs performed about equally well, as did the fonts with dif-
fering stroke contrasts—that is, neither TheSerif and TheMix on the
one hand (these fonts have almost the same stroke thickness) nor
TheAntiquaB on the other (this font has the typical modulated stroke
thicknesses of an old style font) seemed to have had any influence.
Therefore, the test group behaved similarly to experienced
readers: They read a (sans serif) font whose design follows the dy-
namic formal principle (TheSans) faster than a font with a static
formal principle (Arial). Even serif fonts with dynamic (humanist)
formal principles are read faster than Arial. We can therefore assume
that the general principles for reading texts also apply to readers of
easy-to-read language: Fonts with dynamic formal principles (where
the reference to writing with the broad-nibbed pen is still present,
giving the letters a diagonal stress and a forward flow that facilitates
reading®) are more legible—whether they have serifs or not. The
shapes of the letters are decisive: They must be recognizable, distin-
guishable, and open, and they must have good contrast between
stroke thicknesses.® The Thesis family follows all these criteria.
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Figure 7
Participants’ ratings of font size (all fonts
displayed in equal size, 2.25 mm x-height).

44 See Wendt, “Lesbarkeit von Druck-

schriften,” 45; and Zuzana Licko, Type-

face Design: An Interview with Zuzana
Licko," in Emigre No. 70 (2009): 13.

45 Tiefenthaler, “Zuerst liesst der Korper”
[The body reads first], 34.

Font size (N=145)

B93.1% At least one font good
E 6.2% All fonts too small

B 07% Missing

This result is surprising in its clarity because, in legibility re-
search, the assumption is that what is read most is read most
quickly.* Because the test persons have primarily read Arial until
now, their speed in reading it should actually be superior to their
reading of other fonts. The comments from the test subjects also
show that serif fonts in particular are unfamiliar, but that they do not
affect reading performance.

We also were surprised that the participants read the texts
faster the longer the test took. We assumed that the effort of reading
would cause readers to slow down. We offer two possible explana-
tions here. First, the content of the text was exciting, and the partic-
ipants enjoyed taking part in the study. This perspective could lead
to participants” happily reading “further.” However, readers with
learning difficulties are probably underestimated in terms of the
amount they read. If the content of a text is exciting and the micro-
and macro-typographical settings are optimal, five pages of text can
be mastered without any problems. Second, test administrators re-
ported that some participants diagnosed with mental illness were
very nervous and afraid of doing something wrong. This nervous-
ness decreased throughout the test and could explain why partici-
pants read texts faster the longer the readers read them. In terms of
text volume and reading time, readers of easy-to-read language reacted
like all readers: “Reading motivation, regardless of the target group,
is primarily determined by the ergonomically correct treatment of
their bodies.”* In the test material, the visual apparatus was served
ergonomically by appropriate typography.

Results of the Font Size
The following results concern the second specification: The font size.

Which Font Size Is Ideal for a Text Meant for Immersive Reading?

The evaluation showed that only nine people (6.3%) found all of the
fonts too small (see Figure 7). Another 36 people (25.5%) said that
one of the five fonts was too small but that at least one font’s size
was “good.” One person found all fonts too large.
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Font size Frequency Percent Rating/Speed Frequency Percent

One font good + one | 36 24.8% Font rated good + 9 25%

font too small read faster

Others 105 72.4% Font rated too small + | 27 75%

Missing 4 2.8% read faster

Total 145 100% Total 36 100%
Figure 8 The evaluation of the questionnaires showed that, of the nine

Discrepancy between reading speed and
subjective evaluation of font size.

46 Which fonts were rated as being too
small? Assessing the type size by font

shows that TheSerif is the least likely to

be rated “too small” (13.3%), while Arial

is the most likely (20.0%). TheSerif also
has the largest share of the "good” rating

(86.0%), followed by TheSans (83.2%).
47 For Arial, the "too small” rating ranges

from 29.4% (poor readers) to 6.7% (good

readers). The chi-square (chi?) test for

this table is not significant. For TheSans,
the "too small” rating ranges from 27.3%

(poor readers) to 3.3% (good readers).
The chi? test for this table is significant

(chi?=6.845, df=2, p=0.033). The contin-
gency coefficient indicates a weak asso-

ciation (c=0.215). For TheSerif, the “too
small” rating ranges from 23.5% (poor
readers) to 3.2% (good readers). The
chi? test for this table is not significant.
For AntiquaB, the “too small” rating
ranges from 33.3% (poor readers) to
3.3% (good readers). The requirements
for the chi? test were not met (too low
cell occupancy). For TheMix, the "too
small’ rating ranges from 23.5% (poor
readers) to 9.7% (good readers). The
chi? test for this table is not significant.

people who found all the fonts too small, two had an appointment
with an ophthalmologist (and therefore were probably wearing
glasses that were incorrectly adjusted). Of the 36 people who found
at least one of the fonts too small, but also found the size of at least
one font to be good, 27 participants read the font rated too small
faster than a font rated well. In fact, 12 people even read the font
rated “too small” the fastest (see Figure 8). These cases are most
common with the Arial and TheMix fonts. In many of these cases,
the reading speeds are close together and the sample size of 36 peo-
ple is small, so that results should be interpreted with caution.* The
cross-tabulation with the reading level shows that the poorer read-
ers more often rated all fonts as being “too small.” However, this
difference is not equally pronounced in all fonts. Poor readers tended
to rate TheAntiqua, Arial, and TheSans as being too small.¥ The in-
fluence of visual impairments on the assessment of the font size was
surprisingly small: 82 people (56.6%) stated that they had a visual
impairment, but most had no problems with the font size.

Discussion of the Font Size

The results for font size come from the individual ratings on the
fonts’ sizes made by the readers. The vast majority of test partici-
pants (93.7%) rated at least one font with an x-height of 2.25 mm
(equivalent to 12-pt Arial and 12.5-pt Thesis family) as being large
enough. The Arial font was rated as being too small more often than
any other font. In terms of size, serif fonts received good ratings
more often (if the actual size is the same), so they appear to be larger
and more legible. Also interesting is that a font rated too small was
often read faster than a font whose size was rated good. Visual im-
pairments also seem to play a lesser role than we had thought. Poor
eyesight is probably compensated for by glasses or contact lenses,
just as it normally is for the population as a whole.

The recommendation of a minimum font size of 14 pts may
need to be revised. An overwhelming proportion of study partici-
pants found the smaller font size to be a good thing. For a print
product in A5 format, we therefore recommend an x-height of 2.25
mm and a corresponding font size of 12 pts to 12.5 pts.
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http://www.leserlich.info/tools/schrift-
groessenrechner/index.php (accessed
December 13, 2022).

Robert Waller, “Choosing a Typeface for
Reading,’ Technical Paper 9, (Reading,
UK: Simplification Centre, University of
Reading, 2011), 3.

We asked: How do you like the font?
Participants could select one of five
options: very good, good, ok, bad, not at
all). Individual statements could also be
added: “Note down your observations
and the test subject’s comments on

the font.”

However, legible font sizes depend on various factors. In ad-
dition to the font selection, the reading distance and the medium are
decisive. The font size calculator of the German Federation of the
Blind and Partially Sighted (DBSV) can be of assistance here.*

Note also that a smaller font size can reduce the “perceived”
amount of text on a page. Because of their many explanations, texts
in easy-to-read language tend to be too long and thus have a deterrent
effect on the readership. When the smaller font size allows for a more
airy layout and more white space, the reader then has the feeling of
having to cope with a smaller amount of text. To the best of our
knowledge, no study has yet been conducted on this effect, but we
note an observation on font size from practice: “While they can read
the same range of sizes as anyone else, they welcome larger type.
They seem to find it less intimidating, perhaps because there is room
for less content on each page.”*

Participants’ Subjective Evaluations of the Fonts

Evaluation of the questionnaires gives insight into the participants’
subjective evaluation of the font styles.* Almost all participants
(73%) gave different ratings to the six fonts. The readers noticed clear
differences in the fonts and in some cases precisely described their
impressions. The additional comments often are surprisingly de-
tailed. For instance, on Text 3 (TheSans), test subject 20 commented:
“Very good. Perfect, very comfortable to read! Helped me read flu-
ently!” To Text 4 (TheSerif), this participant commented: “Very good.
The font style is even somewhat better than Text 3”; then, about Text
5 (TheAntiqua), the comment read: “Very good. The spacing between
letters is even better here!”

Test subject 145 even knew the technical term of line spacing
and rated Text 2 (Arial) this way: “Ok, line spacing is too large, does
not appear uniform.”

Test subject 23¢ had a clear favorite in Text 1 (TheSerif), com-
menting that “from its appearance, I like it the best.” The subject also
negatively associated the Arial font with automated creation (Text
4), commenting “that’s nothing—written by a computer.” This ex-
presses the fact that the test subject correlates the Arial font with a
standardized, impersonal design. Test subject 72b also did not like
the Arial font at all, commenting that “...the font stands out in a neg-
ative way.”

Interestingly, the subjective favorites often do not match the
(objective) reading speed. Test subject 20 read TheSans the most
quickly and found TheAntiqua to be the best, while test subject 23c
read TheAntiquaB significantly faster than the preferred TheSerif,
however, test subject 72b read the negatively rated Arial font the
slowest. The statistical evaluation shows that fonts that are disliked
tend to be read more slowly. However, this effect is not constant.
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Waller, The Typographic Contribution to
Language, 28-45.

Ursula Bredel and Christiane MaaR,
eds., Leichte Sprache. Theoretische
Grundlagen. Orientierung fiir die Praxis
[Easy-to-read language. Theoretical
foundations. Orientation for practice]
(Berlin: Dudenverlag, 2016), 266.
Sieghart, “Leichte Sprache, Typografie
& Angemessenheit” [Easy-to-read
Language, Typography & Appropriate-
ness), 130.

From the comments, we can see that the serif font is unfamil-
iar. Nevertheless, it is read faster than the usual Arial font by test
subject 81a, who commented “(ok, font is unfamiliar, [I] have no ex-
perience with the font).”

Discussion of the Subjective Comments and Font Styles’
Connotations
Many people assume that the choice of font does not play a major
role beyond the legibility of a text. However, we know from the cor-
porate design that fonts have an appealing quality that contributes
to a text’s meaning. In contrast, some easy-to-read language policies
assume that readers of easy-to-read language do not perceive this as-
pect of fonts (i.e., the affective domain™) and even propose a “typo-
graphical base format.” They claim that the target group lacks the
“ability to perceive and evaluate the historically differentiated func-
tions of macro- and microstructural typographic properties of texts
and the linguistic variance associated with them.”>

Our results show exactly the opposite: Readers certainly did
recognize the different font styles and assigned meaning to them.
Their observations were so detailed that it can be assumed that they
are particularly close observers of font differences. The practical, par-
ticipatory work also has shown that these readers compensate for a
lack of reading skills through close observation.” For practical work
with easy-to-read language, these findings mean that fonts that are part
of a corporate design should be in easy-to-read language too—provid-
ing that they comply with legibility principles.

Summary and Outlook

Our study shows that people read easy-to-read language faster if
legible fonts are used and that, in most cases, a font size of approx-
imately 12 pts (x-height 2.25 mm) is considered large enough. The
visual apparatus for readers of easy-to-read language seems to
function in the same way when decoding symbols as it does for non-
impaired readers. In addition, many participants perceived the
different fonts and applied specific connotations and assessments
to them.

This first scientific evaluation of the current German easy-to-
read language rules regarding font usage shows that the propagated
special solution—sans serif fonts, such as Arial, in size 14 pt—is sim-
ply wrong. The assumptions underlying this standard had no scien-
tific verification, they neglect findings from design research, and the
standards need to be revised.

In practice, legible fonts should be used. The legibility is de-
termined by the form principle of the individual letters. Fonts that
follow the dynamic font principle (the Thesis superfamily and in
particular the font TheSans) are read faster than a font with a static
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formal principle (Arial). In addition, professional micro- and macro-
typography should be applied to optimally support the complex pro-
cess of reading. There is no such thing as one correct font and font
size—but only optimal specifications for the respective application.
The function of the text, the content, the reading situation, and the
medium also influence the most appropriate font selection. It should
also be determined whether it is helpful for the understanding of a
message if the sender can be recognized by its corporate typeface.
We suggest that determining the requirements of the target audience
is part of the participatory process as is taking reading levels and
motor or visual impairments into account.

This study looked only at the reading of continuous text in
print material. A signage system requires different fonts and scien-
tific testing in a different setup. Another limiting issue is the hetero-
geneous group of easy-to-read language readers and the additional
impairments they might have. The visual impairments of our test
group were mostly corrected by glasses. However, eye diseases like
cataracts, glaucoma, and macular degeneration might require dif-
ferent measures in terms of font selection and type size. One desid-
eratum is to examine the needs of this specific target audience with
further studies and larger test groups. Regarding legibility studies,
a valid scientific setup, as we discussed in our review of theoretical
foundations, is indispensable. The eight factors listed offer a guide
for further studies. We also hope to provide scientific background
knowledge of typography for other disciplines.

Easy-to-read language is a relatively young tool for barrier-free
communication. This study aims to contribute to making texts eas-
ier to read for the target group by providing guidance on how to op-
timize the first step in the reading process, which is to absorb and
decipher the letters that we are seeing.
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Embodied, Everyday Systemic
Design - A Pragmatist Perspective
Josina Vink

Introduction

There is a prominent narrative in design research that as design has
evolved from craft into a sophisticated professional practice, it has
taken on increasing complexity; based on this narrative, as design
continues to evolve and expand toward tackling social systems
transformation, there is a need for the integration of systems think-
ing to aid designers in dealing with the complexity that is otherwise
beyond their cognitive limit.! This colonial narrative of design’s
progress emphasizes the centrality of thinking over doing and sug-
gests that hope for social change rests on an extension of the way of
reasoning of professional designers.

In this context, systemic design is an emerging design do-
main that has grown in popularity in recent years. It combines de-
sign approaches with systems thinking to address complex societal
issues, such as housing, foreign policy, immigration, and environ-
mental issues.? Increasingly, systemic design is seen as a profes-
sional practice done by systemic designers with their own distinct
methods and tools for grappling with complexity.* Engagement of
diverse stakeholder groups is at the core of systemic design practice
and its methods.* However, the contemporary emphasis in systemic
design remains on what Ezio Manzini designates as “expert de-
sign,” where the systems change process is led by systemic design-
ers with advanced design skills.®

As highlighted by Anne-Marie Willis, “When a question of
a philosophical character is posed, such as ‘what is design?’ the an-
swer is mostly already over-determined by the model of profes-
sional design as the model of all designing.” By upholding systemic
design as primarily a professional practice, the field is positioned
in service to capitalism and negates the broad array of intentional
shaping that already happens amid social systems. This elitist focus
contributes to an active defuturing by design through the erosion
of plurality—a principle to which the field of systemic design ironi-
cally aspires.” In recognizing the need for attention to what they call
“design by society,” rather than more proximate design by expert
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designers, Edward Woodhouse and Jason Patton call for greater care
to the broader processes of design, in which myriad persons partic-
ipate, and the embedded nature of this process within society.®

In response, I argue that pragmatist philosophy, which
has been foundational to the development of the design discipline
(although rarely acknowledged as such’), can aid the evolving
field of systemic design in more fully understanding the situated,
embodied, and everyday nature of systemic design practices. By
drawing on the work of classic pragmatists, particularly John
Dewey and George Herbert Mead, as well as contemporary
feminist pragmatists, including Shannon Sullivan and Patricia Hill
Collins, I offer a grounded understanding of everyday systemic de-
sign, exemplified by stories of my own lived experience.

A pragmatist perspective on systemic design reveals that the
practice of designing social systems is pervasive and mundane. It
happens not to but within and through social systems in the every-
day. Systemic designing involves an ongoing spiraling of evolving
transactions within and between bodies and social systems that are
themselves mutually constituted. Recognizing the pervasive nature
of systemic design, I call for an emphasis on staying with situated,
lived experiences and cultivating bodily habits of careful experi-
mentation in the everyday. I argue that this reframing of systemic
design demands a shift in the orientation of the field from crafting
expert-driven systems change to cultivating collective reflexivity,
so that everyone might continue to shape their own worlds in re-
spectful relation with others.

Need for an Alternative Perspective on Systemic Design

The field of systemic design touts values of pluralism, yet the meth-
ods and tools it champions often have a paradoxical relationship
with this ambition.”” These contradictions can be understood
through a closer look at one of systemic design’s most championed
approaches, creating maps that visualize the complexity of systems,
such as giga-maps or synthesis maps." These maps offer represen-
tations of focal systems using visual language to understand rela-
tions across multiple levels and scales. These artifacts are meant to
be interpretive and to incorporate different worldviews, but through
visual representation, they end up normalizing certain truths and
silencing others.”? The aim is that these system maps are recognized
as always incomplete. However, in their attempt to capture super-
complexity, these artifacts can have the effect of perpetuating onto-
logical occupation, as the reality captured in the map contributes to
the erasure of other local realities rendered invisible.”
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This flat, static “view from above, from nowhere” of sys-
tems positions the systemic designer as an all-knowing manipula-
tor, ready to identify the relevant leverage points for change.* This
view of systemic design is particularly convenient for the commer-
cial design industry as it perpetuates the capitalist business model
through which the systemic designer can be billed out in relatively
short-term fundable projects. At the same time, the overemphasis
on these professional practices of systemic design, using specialized
representational frameworks and tools, undermines the embodied,
situated understanding and intentional shaping of social systems.
The design of social systems is understood more broadly as the con-
scious creation of possibility in the human worlds we inhabit.’*
However, everyday design by the community itself, which is essen-
tial for maintaining plurality in the ongoing negotiation of systems
futures, has been largely ignored in contemporary systemic design
discourse. Here, it is important to distinguish between the auton-
omous design of communities—in which the conditions exist for
communities to continually change their own norms from
within”—and participatory design or co-design—in which mem-
bers of the community are invited into practices of professional sys-
temic designers through episodic projects.’

To build this extended understanding of designing in and by
communities, pragmatist philosophy offers a grounded, situated,
and pluralistic understanding of how social systems are being in-
tentionally shaped by humans. The work of the classical American
pragmatist philosophers, taking place roughly between 1870 and
1945, was an intentional departure from dominant philosophical
discussions at the time.” In this period, the prominent European
mode of thinking emphasized the importance of objectivity, uphold-
ing the ideal of a singular notion of the truth, and maintained the
dualism of mind and body; in contrast, classical American pragma-
tists were committed to pluralism and relationality in their view of
reality, likely at least in part a result of local Indigenous thought that
was influencing European philosophy during that time.

Offering a frame for situated knowledge and action, pragma-
tism highlights lived, bodily experiences as a critical starting place.
It recognizes that experiences are an emergent property of humans’
active engagement with their social worlds.” In doing so, pragma-
tism brings forward the situated, action-oriented nature of creativ-
ity whereby humans intentionally influence their environment
through bodily action, while the environment shapes their human
subjectivity. This situated, action-oriented view of human creativ-
ity amid social systems offers a hopeful means for building a more
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grounded, pluralistic understanding of systemic design. I argue that
a closer look at the writings of classical pragmatists, especially
Dewey and Mead, offers valuable insight into the everyday practice
of systemic design and that contemporary feminist pragmatists, like
Sullivan and Hill Collins, aid in nuancing that understanding and
its implications for systemic design.

Transactional Bodies Stewing in Social Systems

For Dewey, human existence is a bodily existence. He refers to bod-
ies as organisms, reflecting the dynamic, living nature of our phys-
icality and a continuity between humans and the more-than-human
world.”?> Although the physicality of the body is important for
Dewey, he is most interested in bodies as acts of performance or
“bodying”; such movements, he emphasizes, are based on predis-
positions of the corporeal body, or what he refers to as habits.” For
Dewey, humans’ corporeal existence is transactional, meaning that
bodies have a co-constitutive relationship with their environment.*
Transactional here can be understood in contrast to interaction, which
signifies two independently constituted entities engaging in an ex-
change. The concept of transaction rejects the dualism between the
self and the social worlds we inhabit and suggests that they are mu-
tually constituted in a dynamic, evolving relationship.

Dewey reminds us that the skin is an arbitrary boundary of
where the body ends and the environment begins. “No creature
lives merely under its skin; its subcutaneous organs are means of
connection with what lies beyond its bodily frame, and to which, in
order to live, it must adjust itself, by accommodation and defense
but also by conquest.”? Dewey acknowledges the inherent interde-
pendence, continuity, and interchanges between living creatures
and their surroundings. To aid in this understanding, one can think
about how the human organism must ingest other organisms and
turn them into parts of itself and, in doing so, can also play a role in
cultivating other organisms; if we simply think about our relation-
ship with food, we can understand that the outside world is any-
thing but outside of us.* If we reflect more particularly on social
systems, a similar relationship can be understood: Human bodies
are composed of social systems through their repeated bodily ac-
tivities, and these habits in turn shape the systems in which humans
are embedded.

Shannon Sullivan presents the metaphor of the stew as a way
to understand how Dewey’s concept of transaction embraces both
continuity and difference.” The stew is not a fondue, where all in-
gredients completely melt into each other, nor is it a tossed salad,
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where different ingredients remain separate together. Rather, says
Sullivan, the ingredients stew together and intermingle so that they
constitute each other. For example, an onion in the stew becomes a
carrot-y onion and a carrot in the stew becomes an onion-y carrot.
These ingredients remain distinct from each other, but they perme-
ate and constitute each other in an ongoing back and forth. Humans
are the habits that they embody, and these habits become part of the
corporeal body and the social systems.

Mead elaborates further on the social and structured nature
of the self. For Mead, bodily habits make up the social structures of
our systems, and these structures are what inhabit our bodies
through our bodily patterns.” For Mead, the very idea of the self is
itself a social structure that arises through social experience in so-
ciety.” This conceptualization of the embodied, social self locates
the human unequivocally in community and highlights that human
embodiment is a product of its relations with the social world. In
this way, human bodies are open systems that are co-constituted
by social systems. Human embodiment, in its repeated enactments,
provides the very structure of social systems. Social systems and
bodies are entangled and inseparable. However intertwined, dis-
tinctions remain between and within bodies in these systems.
Aligned with a pragmatist perspective, I offer an example from my
own lived experience of the transactional nature of bodies in social
systems, entangled and mutually constituted in and through the
habits that make up social structures:

After gym class, I follow to the right exit of the gym and push
open the door with the sign “GIRLS’ CHANGING ROOM” as
I move in unison with the chattery procession. This collective
habit of undressing and redressing together with almost half
the class validates my gender—no one questions it, not even
myself at the time. The boys’ changing room was the only other
option, and that felt to me totally out of the question. Together,
we peel off our baggy t-shirts and shorts, sweaty from the cir-
cuits we had completed. That attire is appropriate for gym
class, but showing our curves was needed to move through the
halls of the high school and not be met with adverted eyes.
Julie gracefully pulls off her shirt, clasps her wire bra on
the outside of her sports bra before pulling the sports bra
off entirely, carefully replacing fabrics so as not to reveal her
nipples. She layers on a striped Roxy tank top. Then after re-
moving her shorts, tugs back on new dark Parasuco jeans,
before proceeding to the mirror to fix her hair and make-up.
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More timidly, I turn to face the white wall of the changeroom,
scan to make sure no one is looking my way, and frantically,
but not too frantically to draw attention, switch my gym shirt
for my tank top and Cleveland Cavaliers jersey. I don’t change
my sports bra because that would mean exposing my not-quite-
as-expected body to the scrutinizing looks and whispers of my
friends and classmates.

With my street clothes on top, I carefully rearrange the
prosthetic breast, which hides in my sports bra, into the proper
place for mimicking the female silhouette. I had needed to have
something inside the right half of my bra since my left breast
started developing, and not the right, in grade six. My mom
quickly found me a shoulder pad from one of her old blazers
in those early days, until a silicone prosthesis could be obtained
from the local mastectomy wear shop. It was never a question
that chest symmetry was required. It was such an expectation
that I was encouraged to visit the plastic surgeon who recom-
mended that a back muscle be pulled to my front so that I could
get a breast implant, which would “make my life so much
easier.” T halted that operation, unwilling to give up the full
rotation of my right arm and jeopardize my baseball throw,
just so that my Poland-syndrome-body could conform to im-
ages of women I had seen in the magazines and all around me
in rural Ontario.

Still, I knew I needed to uphold the illusion of symmetry,
so I stowed on the prosthetic breast every morning and kept it
hidden under my clothing, even when changing. This choice
helped me to walk the halls and perform the habits of little
women with confidence, even if I was a bit hesitant. After put-
ting on my own too-tight jeans, I proceeded to the mirror
behind Julie. As a sporty girl, I could get away with a jersey
and jeans, but that would need to be offset with at least some
mascara to look a bit more feminine. Still, my eyes usually
ended up with dark smudges at the end of the day because I
forgot not to rub them. Just then, I carefully looked ahead in
the mirror and moved the applicator from the base of my lashes
to the tip, like I saw the other girls do.

This story contextualizes how bodies inhabit social struc-
tures and, in doing so, uphold the social structures that give shape
to our communities and social systems. Through the routine bodily
activities of changing in the girls’ changing room, wearing a pros-
thetic breast daily, diligently putting on mascara, and through
the reactions I got from others, I performed what it meant in my
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Figure 1
Transactional bodies stewing in social
systems. lllustration by Tiangi Li.

community to “be a girl.” My identity as a sporty tomboy was not
a precursor to my habits but was cultivated in and through these
repeated bodily activities. These activities were informed by the
regular corporeal performances of others in my social context. At
the same time, our habits constituted the gender binary that con-
tinued to play out in the local community of my small, rural high
school, including through the division of sports teams, in gendered
interactions in the hallways, and perhaps most acutely for me, at
afterschool school dances held in that same gym. My body is a
transactional body constituted by my relations with others and
constituting the very structures of my community. Figure 1 shows
the stewing of transactional bodies in their social environment,
illustrated here in the mundane act of dressing within a high school
girls’ changing room.

Mutual Transformation of Bodies and Social Systems

For pragmatists, these embodied transactions with one’s social
context, or “situation” as Dewey often says, provide the opportu-
nity for (mutual) transformation. Dewey makes clear that the
human organism and social systems are continually being remade
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and reconstituted through ongoing changes in relationships.*
Where there is friction amid these relations, the opportunity for
transformation becomes possible, according to Dewey. When
humans meet an aesthetic experience of an unsettling situation,
where bodily predispositions do not align with the environment,
the situation sparks their doubt and catalyzes the process of inquiry,
enabling the possibility that a habit connected with an entrenched
social structure can be destabilized.” When disruption is experi-
enced, the process of inquiry is initiated, and an existing habit may
be deemed inadequate or inappropriate.

Mead elaborates on this consciousness or awareness of social
structures that one inhabits, calling it reflexiveness or reflexivity.”
Through such reflexivity, human organisms can intentionally and
creatively adjust themselves through a social act. For Mead, re-
flexivity is the foundation for the intentional shaping of social
systems and a fundamental requirement for social progress.* From
this perspective, social systems design happens through bodies
in reflexive transactions within community. The plasticity of the
self can be seen as susceptible to and influenced by change in the
environment; however, this plasticity is also the very source of
power for intentionally transforming social systems.* People’s
habits can generate friction when they relate to other bodies, and
in doing so, they can challenge or transform each other when con-
flict or friction emerges. Mead reminds us that conflicts are not sim-
ply between human individuals but between social structures—
sometimes even multiple social structures that one individual
human inhabits.” He reinforces that these conflicting social struc-
tures often necessitate reconstruction of our social systems and that
changes to social structures inevitably require changes in the hu-
mans that inhabit them.*

Amid transactions in a social context, the human organism
is not caught in a recursive loop of being influenced by social struc-
tures and simply reproducing them. Rather, the relationship is more
like that of a spiral, whereby enacting some social structures
generates some degree of consciousness, enabling the intentional
embodiment of particular social acts that can alter the environ-
ment.¥ Human organisms are always in transaction with their
social context and, as such, have a direct influence on the very
social structures by which they are influenced. However, Sullivan
explains that a disruption in one human’s habit often does not
carry enough force to counter the inertia of institutionalized social
structures. “For changes in an individual to result also in changes
to an institution, an individual needs the efforts of other individu-
als attempting to make the same sorts of changes.”*
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Feminist pragmatists are interested in how pragmatism can
become a critical social theory and methodology for approaching
the social world.” Identifying the social movements led by Black
women in the United States as visionary pragmatism, Patricia Hill
Collins highlights the value of developing a community of inquiry,
always testing ideas in a crucible of experience situated in local so-
cial contexts: “Everyday life is something that is rooted, grounded,
contingent, dynamic, and holistic. It is characterized by infinite op-
portunities to engage in critical analysis and take action.”

Hill Collins advocates for critical reflexivity that informs de-
liberate action in and by community. Feminist pragmatists see this
work as a way of approaching practical structures with continued
exploration and relational action; they emphasize the importance of
living with, not simply visiting, the social negotiations of diverse
communities.# In terms of always testing ideas in a crucible of ex-
perience, Dewey advocates for the habit of not forming fixed, indi-
vidual habits but of developing flexible, sensitive habits that stay
open for intelligent reconfiguration and mutual transformation in
the midst of collectives.? The following story from my own lived ex-
perience is a window into this process of mutual transformation:

More and more commonly, people began to introduce them-
selves with their pronouns, along with their names. I dreaded
every time such an introduction was about to occur because I
could not relate to the pronouns that those around me assumed
I might use. My body shuddered when I was in a group that
someone called “ladies,” and I felt an increasing rub when peo-
ple referred to me as “her.” After being introduced to my room-
mate’s partner, whose preferred pronouns are they and them,
and awkwardly stuttering over their pronoun formulation one
night in our shared kitchen, I started reading everything I
could about gender queerness, transness, and non-binary iden-
tities, supported by some life-changing recommendations from
my housemate.

I slowly began to recognize that the gender I had been
wearing like an itchy sweater, and had taken for granted most
of my life, was a social structure that I no longer wanted to
enact. With the help of a few friends and my partner at the
time, I started testing the use of they/them pronouns. Before
this shift, I had felt like I could not possibly inconvenience
people by asking them to adjust how they referred to me, but
when I heard my friends acknowledge me in this way, I felt so
deeply seen and respected. I gained the confidence I had
previously lacked to cut my hair off and start making tweaks
to my wardrobe. As the months passed, I started to appreciate
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the intensely relational nature of gender. To feel more at home
in my body, I needed to do something to acknowledge my non-
binary identity among those with whom I interacted every day.

After a tumultuous time of summer reflection, the new
school year was upon me, and a fresh batch of master’s degree
students whom I would soon teach would be in the large audi-
torium for their orientation. I could not bear the thought of
starting the school year without clarifying my preferred pro-
nouns for my colleagues and students. The day before the stu-
dents were to arrive, I hurriedly crafted an email to my col-
leagues with cute, comic-like illustrations explaining the
gender landscape in which I was roaming around and my pro-
noun preferences under the subject line “Gender Reveal Party.”
After a friend’s helpful review of the email, I hesitantly hit send.

I received an overwhelming number of supportive replies
from my colleagues, but many also expressed worries about
messing up my pronouns in their messages. I had some awk-
ward hallway encounters after the email but was also reassured
by one colleague who left a treat on my desk with a note that
read “no party without cake.” Amid this mix of emotions, the
time came for the annual staff introductions in the auditorium.
I was thankful that the colleague before me introduced herself
with her pronouns—even though she was the only one to do
s0. It made the threshold that felt almost insurmountable just a
little bit easier. Next it was my turn. I tried to breathe deeply.
After saying my name, I blushed and announced: “I know this
might be new for some of you, but I prefer if you would refer to
me using they/them pronouns.” I tried to be my regular confi-
dent self, but my voice cracked as I spoke. The crowd of faces
looked at me with friendly but puzzled gazes.

A student came up to me after the introductions to talk
through what I meant, and several more asked me for a dis-
cussion about gender in the months that followed. I was still
mostly referred to using she/her pronouns at school. I corrected
people when I had the strength, but I often let it go. Some peo-
ple did shift how they referred to me, and I know it helped
others do the same. Two years later, more folks at the school
are using they/them pronouns. I am starting to hear it and
other gender-neutral terms more and more in meetings and
emails—sometimes even in self-corrections in the moment.
Together in our awkwardness, we are muddling through by
reconfiguring our habits in our introductions and challenging
the social structures associated with gender in our small school
community in Oslo.
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He is so
good at cooking

Oh, yeah,
they are.

Figure 2
Mutual transformation of bodies and social
systems. lllustration by Tiangi Li.

This story of transactional bodies changing in community
offers a window into the spiral of entangled evolution in social sys-
tems. By living in community with others, I was confronted with an
understanding of gender that I had not yet grappled with. Through
the labor of others, I started to build an awareness of the social
structures that I had previously taken for granted. In small, safer
social settings, I began testing what doing things differently with
others, like using different pronouns, felt like in my body and in
interactions with others. Informed by my own experience, I then
worked intentionally to shape how others referred to me and
thought about my gender at my school. Although the system did
not change immediately and acts sometimes looked more like
reproduction than change, a slow evolution occurred as more peo-
ple joined these shared social acts of using they/them pronouns and
gender-neutral language. This work of shaping social structures
was not just an intellectual one; it was an embodied activity that
involved increased heart rates, quick breathing, blushing, and
strengthening new muscles in mouths. It involved awkward mo-
ments of stumbling—for myself and others—and sometimes being
painfully subsumed by the forces of the status quo. Yet, this per-
sonal narrative also is a messy story of mutual transformation
that emerges in and through everyday, embodied systemic design.
Figure 2 depicts the mutual transformation of bodies and social
systems, exemplified through awkward, and sometimes even pain-
ful, processes of stumbling over and shifting the use of pronouns.
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Situating Systemic Design in the Everyday

Drawing on the work of classic and feminist pragmatists, I have
attempted to explain how social systems are designed by and in
transactional bodies through everyday negotiations within commu-
nities. By bringing forward my own lived experience of enacting
gender, I have shown the embedded nature of systemic design and
the ways that systemic design can play out in ordinary, everyday
habits, like dressing and introductions. A pragmatist perspective of
systemic design highlights bodies as central sites of systemic design.
It is particularly important then for systemic design to acknowledge
that what is understood as the body is plural, locally situated, and
full of incommensurability across cultures and communities.*

A pragmatist perspective suggests staying with the plurality
of lived bodily experiences in systemic design practices, as opposed
to reverting back to extracting and flattening complexity into static
representations. The corporeality of human organisms accounts for
and navigates situated complexity in ways that are largely under-
appreciated in more intellectual and rational approaches to sys-
temic design. Greater attention to transactional bodies and lived
experiences that cannot be easily translated is needed to embrace
the transformative potential of systemic design practices while
protecting plurality. Corporeal plasticity and situated creativity
offer a hopeful means for engaging in the messy, negotiated, back-
and-forth process of the intentional change of social systems
by communities.

A pragmatist perspective on systemic design further high-
lights the importance of reflexivity—an awareness of the social
structures that we inhabit—that is cultivated through the experi-
ence of unsettling situations. Reflexivity enables human organisms
to move beyond simply reproducing social structures in transac-
tional bodies through habit, toward performing intentional social
acts and consciously reforming the social structures that influence
them. Nurturing collective reflexivity enables humans to navigate
and continue to shape their own communities in relationship with
others—including and especially by working across difference.*
Mead argues that collective reflexivity is indeed one of the condi-
tions needed for changing the social structures of a community
from within.*

This focus on cultivating collective reflexivity allows for a
departure from the overemphasis on professional systemic design
and moves toward enabling the intentional change of “traditions
traditionally” within local communities, connected with Escobar’s
call for autonomous design.* It also resonates with Bela Banathy’s
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urge for everyone who affects or is affected by the consequences
of design to be part of the designing community.” Banathy sug-
gests that “[nJobody has the right to design social systems for
someone else. It is unethical to design social systems for someone
else. Design cannot be legislated, it should not be bought from the
expert, and it should not be copied from the design of others.” A
pragmatist perspective extends Manuela Aguirre’s research in
systemic design around cultivating co-designing cultures that nur-
ture situated experimentation® by highlighting the need to carefully
relocate such efforts beyond organizational contexts and into every-
day community life.

This more mundane understanding of systemic design,
brought forward through pragmatism, does not apply the model of
professional systemic design to these more pervasive practices of
designing social systems. Rather, recognizing the divergence across
bodies and social contexts, it highlights a more generic understand-
ing of systemic design, incorporating vast plurality in its embodi-
ment. I argue that this reframing of systemic design demands a shift
in the orientation of the field: from crafting expert-driven systems
change to cultivating collective reflexivity so that everyone might
continue to shape their own social worlds relationally. This perspec-
tive on systemic design reveals a critical means of community self-
determination and an alternative approach to direct democracy
within social systems.

Furthermore, a pragmatist perspective challenges systemic
designers to ground themselves in their own bodies and situated
social worlds, as well as to acknowledge that they cannot fully cap-
ture and consolidate the bodily experiences of others within social
systems. Instead, they might work to nurture collective reflexivity
and cultivate bodily habits of careful, relational experimentation in
the crucible of experience among a community of inquirers. Learn-
ing from the work of Black feminists that are visionary pragma-
tists, it is crucial that systemic designers apply to this embodied,
everyday work an interrogation of power and inequity; to this
end, systemic designers need collective principles to guide prag-
matic action, rather than seeing any ends as sufficient in this pro-
cess of ongoing mutual transformation amid plurality.® Here, the
principles of design justice that promote a community-led design
approach, honoring lived experience and local knowledge while
seeking liberation, are well aligned with such a pragmatist per-
spective and offer a hopeful starting point that demands to be fur-
ther localized.” Furthermore, explicit connection to the growing
body of work on oppression studies in design can aid systemic
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designers in recognizing the oppressive nature of existing social
systems and in working consciously and carefully with struggles
toward liberation.®

Everyday, embodied systemic design is not a design dis-
cipline and should not be disciplined, but if appreciated and
nurtured, it can contribute to a more relational, pluriversal shaping
of social systems. A pragmatist perspective challenges colonial nar-
ratives of progress, which responds to ideas of increasing complex-
ity in design with new ways of reasoning. Alternatively, this per-
spective recognizes the incredible capacity of embodied human
organisms to navigate immense complexity in the everyday and, to-
gether, to leverage their entangled agency to intentionally and ma-
terially adapt the social systems that they inhabit. In this way, banal
bodily acts are not simply a history from which design has evolved;
instead, they are the very foundation of autonomous social system
transformations toward which design increasingly aspires.
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Constructing accounts of decision-making in L)
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Many methods have been developed to help designers make better and more
sustainable design decisions. Yet there is limited research on designers’
perspectives on design decision-making. In this study, discursive psychology is
used to analyse designers’ accounts of decision-making. The designers show
difficulty in trying to describe decision-making as an identifiable action.
Different strategies are used to articulate how decision-making fits into the
design process. Accounts of how decisions are made involve constructions of
rational decision-making which are then undermined through ‘confessions’ of
intuition. Decisions about sustainability are portrayed as made by other
stakeholders, rather than by designers. The findings show that decision-making
is a flexible construct that can be used to account for various actions.
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any sustainability and circular economy organisations focus on

design decisions as being key to product sustainability (Chick &

Micklethwaite, 2011; Fairs, 2019; Haug, 2017; Pritchard, 2013).
The act of decision-making is therefore highlighted as an important activity
for designers. It is commonly argued that the most important decisions
related to product sustainability are made during the design process
(Devon & van de Poel, 2004). In design literature, decisions are talked about
in terms of criteria and choices. For example, designers may take into account
sustainability criteria such as longevity, repairability, and supply chain im-
pacts when choosing concepts, materials and assembly methods. Such design
decisions are typically made within the constraints of a design brief, either set
by clients or internally in a company (Ryd, 2004).

There is a substantial amount of literature providing guidance on how to make
Corresponding author: more sustainable design decisions (MacAskill & Guthrie, 2013). Most of this
Liz Cooper guidance takes an engineering design perspective, based on rational decision
liz.cooper@ed.ac.uk theory (Faber & Rackwitz, 2004; Schoggl et al., 2017). There is also some
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guidance on sustainable design decision-making from a creative design
perspective (Buhl et al., 2019; Gould et al., 2019). Observation studies, for
example by Cross (2001a) and Akin and Lin (1995), have sought to understand
design decision-making through asking designers to ‘think aloud” while doing
design. However, there is limited research examining designers’ own perspec-
tives on design decision-making. Understanding how designers conceptualise
decision-making in sustainable design in particular can give insights into
how to make sustainable design guidance more appropriate. In this study, de-
signers’ accounts of decision-making in sustainable design projects are ana-
lysed to identify how the designers themselves characterise design decision-
making when reflecting on their work. The findings show that articulating
what design decisions are and how they are made can be challenging. The flex-
ibility of the concept of decision-making allows the designers to use different
strategies to navigate assumptions about the actions and agency involved.

1 Contrasting perspectives on decision-making in design
Different perspectives on how design decisions should be made have emerged
and have been subject to much theoretical debate over several decades. While
there is unlikely to be such a dichotomy in professional design practice, two
contrasting approaches can be identified from the literature. On the one
hand, a rational, science-based approach generally advocates a linear design
process and the use of decision-support tools (Cross, 2001b; Hazelrigg,
1998). On the other hand, a creative approach embraces intuition and subjec-
tivity as part of the design process (Buchanan, 1992; Cross, 1997). Both per-
spectives traditionally position the designer as central to design decision-
making, although there is increasing recognition of design being a social pro-
cess, involving extensive collaboration and negotiation among many stake-
holders (Devon & van de Poel, 2004; Woodhouse & Patton, 2004). Both
literatures include a growing focus on sustainability in design. In reviewing
these literatures, we can better understand the assumptions made about the de-
signer’s actions related to decision-making and see how expectations are in-
ferred regarding the designer’s role in sustainability.

There is a vast body of literature based on a scientific, engineering design
perspective, which proposes decision-making in design should be explicit
and rational. Design decision-making is framed by engineering design authors
as involving identifying options and weighing them up against criteria, often
using mathematical formulae (Hatamura, 2006; Jin & Danesh, 2006; Kiker
etal., 2005; Schoggl et al., 2017). This reflects classic decision theory which ad-
vocates identifying all alternative options and then selecting the optimal one
(Kalantari, 2010). Numerous Multi-Criteria Decision Analysis (MCDA) tools
are offered that claim to help designers or design teams make better, or often
more sustainable, design decisions. Such tools offer mathematical ways of
making comparisons between and ranking options against criteria (Kiker
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et al., 2005). These can be in the form of computer software or more simple
mathematical exercises that can be completed manually (MacAskill &
Guthrie, 2013). Most of the literature on MCDA tools in design focuses on ex-
plaining how the tools can be used in particular cases and on recommenda-
tions for improving their technical functionality. Within these tools, there is
an assumption that designers are aware of the point at which they need to
make a decision, are able to identify the options, and simply need assistance
in comparing options against known criteria in an objective way, thereby
removing human subjective judgement (Fuente et al., 2017). Yet this goal of
objectivity is criticised for ignoring the inevitable human involvement in the
way decisions and criteria are framed by people involved, and in the choice
of MCDA method (Smith & Ruiz-mercado, 2014; Steele et al., 2009;
Tversky & Kahneman, 1981).

Lots of sustainable design tools are concerned with decisions about materials.
For example, the MCDA tool Pugh’s matrix compares lists of material prop-
erties against requirements and aims to help designers decide what materials to
use in a product (Sridhar, 2007). Campaign organisations have also produced
guidance on sustainable design decision-making. For example, the Circular
Design Guide by the Ellen MacArthur Foundation provides advice on mate-
rial selection. The guide explains how to research the impacts of different ma-
terials and answer a range of questions in order to make an informed decision
(Ellen MacArthur Foundation and IDEO, 2018). However, it has been sug-
gested that in reality materials are selected in less formal ways, based on prior
experience and knowledge, and possibly aided by informal internet research
(Khatib, 2016; Sridhar, 2007). MCDA tools in general are criticised for being
overly complex and time-consuming to use (Schoggl et al., 2017; Silva et al.,
2009). There is currently a lack of research on understanding the extent to
which MCDA type tools are used in sustainable design in industry settings.
There is thus an opportunity to explore the extent to which designers them-
selves report using formal, rational decision-making methods in practice
when asked to reflect on their design methods.

There is also a large amount of theoretical literature promoting the appropri-
ateness of creativity and intuition in the design process (Cross, 2001b; Plessner
et al., 2011; Schon, 2008; van de Poel, 2015). For example, the ‘design
thinking’ approach is widely advocated, which encourages designers to follow
iterative processes involving extensive ideation and prototyping, with a focus
on stakeholder engagement and teamwork, in order to solve design problems
(Geissdoerfer et al., 2016). Design thinking methods are widely advocated as
being useful for achieving sustainability aims, due to their focus on taking
into account different stakeholder perspectives in creative ways (Buhl et al.,
2019). In creative design, the language of problem-solving is typically chosen
over decision-making, since, in this paradigm, design is considered to be about
finding new solutions that don’t yet exist, rather than choosing between known
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options, as in the science-based methods (Ball et al., 2001). Problems are said
to be solved through doing design, including the many visual and tactile as-
pects such as sketching and prototyping (Gumienny et al., 2011) as well as
the interplay between the visual and the verbal (Jacobsen et al., 2016).

Nevertheless, some authors have explicitly used the term decision-making when
theorising about design thinking, despite the primary focus on problem-solving
(Buhl et al., 2019; Gould et al., 2019; Liedtka, 2015). In this literature, the
designer is clearly positioned as the one making the decisions, in spite of there
being a focus on stakeholder engagement and collaboration in design thinking
methods. For example, Buhl et al. (2019) frame the designer as deciding what
stakeholder feedback to use and how. Yet the authors focus more on advising
the designer on how to gather perspectives to inform decisions, than on the act
of making a decision. Other authors propose more specific methods for
decision-making when using design thinking methods. For example, Gould
et al. (2019) propose combining design thinking with decision support tools
for sustainable design. This would involve combining a creative, exploratory
approach to design with a rational decision-making method that assumes clear
decision points can be identified and that seeks objectivity in decision-making.
Relatedly, Liedtka (2015) suggests that design thinking, through its focus on
openness, visualisation, and collaboration, can help reduce cognitive biases
in design decision-making. Again, there is an attempt to be objective, through
reducing biases, albeit through using a creative method. Calabretta et al. (2017)
propose that designers are more likely to prefer intuitive approaches, while
design managers are likely to expect rational methods, and that both should
embrace the contradicting forces of rationality and intuition in decision-
making. Based on these different assertions, we can conclude the interplay be-
tween objectivity and intuition in design is complex.

1.1 Articulating decision-making in design

Given the extensive theory on how design decisions should be made, some au-
thors have sought to study how they are actually made, often through asking
designers to articulate them. Two methods have been used in which partici-
pants are asked to articulate what they are doing while designing, including
decision-making. The first approach to observing the design process is proto-
col studies, where designers are asked to work to a design brief in a laboratory
setting, and to simultaneously talk out loud about what they are doing and
thinking (called ‘thinking aloud’) (Cross, 2001a; Oxman, 1995). The ‘thinking
aloud’ method reflects a cognitive perspective on design, and so designers may
be expected to talk about deciding or choosing as mental processes, which
might involve other mental processes such as imagining, evaluating, and
perceiving (Cross, 2001a; Dorst & Dijkhuis, 1995; Oxman, 1995). Several his-
toric protocol studies produced findings on how decisions are embedded
within a creative design process. For example, Akin and Lin (1995) identified
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novel design decisions as associated with multimodal design activity, being
more common when someone was drawing, examining, and thinking at
same time. In other cases, design teams are observed working to a brief.
Cross (1997) found that a ‘creative leap’ occurred among a design team, indi-
cating a solution was suddenly found. Findings from such protocol studies
imply that decision-making in design is done creatively and/or intuitively in
the cases studied. However, protocol studies are criticised by some authors
since the context of taking part in a laboratory study will influence how par-
ticipants report what they are thinking, and may influence the design work it-
self (Dorst, 1995; Lloyd et al., 1995).

Given the difficulty of expecting designers to report what decisions they are
making and how in real-time, the second approach involves asking designers
to talk about decision-making in design retrospectively, through interviews.
Again, the context of taking part in an interview study will influence what par-
ticipants say (Rapley, 2015), but the retrospective approach gives space and
time to the designers to construct their own accounts of decision-making in
a project more holistically. However, there has only been limited research
involving explicitly asking designers to give accounts of decision-making in
specific design projects. One example comes from the designer and researcher
Pedgley (2009) who completed interviews with product designers, plus a reflec-
tive diary of his own design practice, to try to understand design decision-
making with regards to materials choices. The analysis focused on how de-
signers carefully balance stakeholder requirements (for example, those of cli-
ents or manufacturers) with their own expertise. Another interview study by
Surma-aho et al. (2019), examined empathy among designers. The analysis
focused on how different types of empathy were associated with different
design priorities. In the extracts presented by Surma-aho et al. (2019), the par-
ticipants talk explicitly about how empathising with users influences their
decision-making. Both studies produce findings that highlight how designers
take into account other stakeholders when making decisions. However,
what participants said is reported as if it reflects what actually happened in
the design process. The nature of reflective accounts as constructive and con-
structed within a specific interactional context (Rapley, 2012) was not
considered.

Additionally, some studies have sought to identify how design decisions are
made interactionally in design meetings. Analysing videos and transcripts of
such meetings to understand the social aspect of design has become a popular
method (Luck, 2012; McDonnell & Lloyd, 2009). Some of these studies have
produced findings about particular aspects of decision-making, such as
persuading or convincing others, where designers and other stakeholders are
seen to be discussing design options collectively (Le Dantec & Do, 2009;
McDonnell & Lloyd, 2009; Oak, 2011). This body of work gives insights
into the need for designers to develop negotiation skills as well as creative
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and/or scientific design skills. Yet this approach can only give insights into
decision-making in meetings, and not into decisions that take place in the
design studio or elsewhere. There is therefore still a need to gather designers’
insights and perspectives on decision-making that takes place in different
stages of the design process.

To sum up, in the normative literature on design decision-making, there is a
tendency to frame designers as decision-makers, while acknowledging the
collaborative nature of design. The engineering design perspective assumes
that clear decision points are known and that decisions can be made rationally.
The creative design perspective appears to treat some decisions as consciously
made, drawing on design experience and stakeholder views, and others as
embedded within the creative process of doing design. This literature overall
focuses much more on how decisions are made or should be made, rather
than on what decisions are made in design. There has only been limited
research to date that seeks designers’ own accounts of design decision-
making across a project. There is therefore an opportunity to take a more
detailed approach to analysing how designers construe decision-making in
particular projects. In focusing such a study on sustainable design specifically,
there is an opportunity to provide new insights to help improve guidance on
sustainable design decision-making, to in turn achieve more sustainable prod-
ucts. In this study I analyse designers’ accounts of design decision-making
related to sustainability to answer the question: How do sustainability-
Sfocused product designers account for what design decisions are and how they
are made?

2 Methods

A discursive psychology (DP) approach has been taken to analyse designers’
accounts of decision-making in sustainable design. DP offers a method for an-
alysing talk as actions, and often leads to a respecifying of how psychological
concepts are viewed (Edwards, 1999; Potter & Wetherell, 1987). Decision-
making is a psychological concept, since it is a term used to refer to mental pro-
cesses related to evaluating and choosing (Bouyssou, Dubois, Pirlot, & Prade,
2009; Kalantari, 2010). Rather than seeking to access how decision-making
happens in people’s minds, we can instead use DP to study how designers
construe this psychological concept in the ways they talk about it. When de-
signers are asked to give accounts of decision-making in interviews, different
questions about decision-making are likely to be met with different ways of ac-
counting for and justifying the design process. Thus, rather than only analy-
sing the content of what designers report, their accounts of the design
process can be analysed in terms of how they are constructed in the interac-
tional contexts of specific questions asked (Wiggins, 2017). DP has not been
commonly used to look at design contexts before, although the closely related
approach of conversation analysis which seeks to understand the nature of
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interactions per se, rather than as related to psychological concepts and ac-
tions, has become an increasingly popular method to study observations of
design practices (Luck, 2012).

Designers’ accounts of sustainable design projects were collected using semi-
structured interviews, as part of a wider project on psychology and design. Us-
ing interviews invites reflective conversation on design practice and enables the
generation of interactional accounts specifically about decision-making in
design. Reflection on past work is commonly advocated in design education
and practice (Schon, 2008), and so designers are likely to be familiar and
comfortable with producing detailed accounts of how they carried out their
work. Potential participants were contacted via a design email list and a sus-
tainable design group on LinkedIn. Sixteen product designers were recruited
to take part in semi-structured video call interviews carried out by the author
between July and October 2020 (see appendix A for participant details). Inter-
views lasted an average of 45 min. Designers were told in advance that they
would be asked to give an account of decision-making in a recent design proj-
ect of their choice. Participants were asked to tell the interviewer about some
of the decisions made in the project and then to explain how a particular de-
cision had been made. University research ethics committee approval (School
of Philosophy, Psychology and Language Sciences Research Ethics Commit-
tee, approval number 324-1920) was given before commencing data collection.
This confirmed that appropriate measures were taken to ensure informed con-
sent (using participant information sheets and both email and verbal confirma-
tion), anonymity, and data security in line with British Psychological Society
ethics guidelines (Bouyssou et al., 2009).

After watching the video recordings, it was decided that the analysis would
focus on the verbal data, without including any multi-modal aspects of inter-
action such as gestures, since these would not significantly add to the analysis.
Basic words-only transcripts of the full dataset were produced. Anonymised
transcriptions can be found on the UK Data Service (Cooper, 2021). Analysis
involved several iterations of looking closely at the full dataset, making notes
on patterns of actions, devices, and sequences related to accounting for design
decisions. The context of taking part in an interview and the framing of ques-
tions were important aspects of the analysis (Cooper & Burnett, 2006; Rapley,
2012; Wooffitt & Widdicombe, 2006). Attention was paid to how differences in
question wordings were associated with different types of responses. Nine
lengthy extracts (one to three pages each) where decision-making was dis-
cussed were selected for detailed transcription using Jefferson (2004) notations
(see appendix B for a guide to transcription symbols), for further in-depth
analysis. Patterns were identified regarding different ways being asked to iden-
tify specific decisions was treated as problematic, and contradictions in ways of
describing how design decisions were made. Once specific findings were iden-
tified, the transcripts of the full dataset were then checked again to identify
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how often the patterns occurred. Three extracts were shared at a data session
with other researchers, who noticed similar phenomena, providing confidence
that the analysis is rigorous and justifiable. Four short extracts have been
selected for inclusion in this article, which represent clear examples of the pat-
terns of phenomena identified across the wider corpus of extracts analysed.

3 Analysis

The analysis is structured in two parts, with two extracts on identifying what
design decisions were made, and two on describing how design decisions were
made.

3.1 What were the design decisions?

Here I examine two extracts in which participants indicate that questions
about what decisions were made are problematic, since the participants do
not report specific decisions. Extract 1 comes from early on in an interview
with a designer talking about a trestle table he designed for a university client.

Extract 1, from interview 1 — trestle table

1 I and the:n=

2 =this might be a little bit (.5) more tricky but could
3 you <briefly> (.7) >tell me about some of< the decisions
4 that you made s:o we=

5 =we can go into more detail afterwards but but what were
6 the particular decisions that you had to make in

7 designing this (.4) product

8 Pl (2.8) e::rm (1.9) well decisions yeah (huhuh)

9 i think designing is always decision-making [e:rm

10 1 [yeah]

11 Pl the whole time (.5) erm (1.9) i mean at the=

12 =at the end of the day you have a (1.2) you have a

13 certain erm e::r there was maybe like a vague itdea by
14 the universitty what they twanted and then (.3) it's

15 (1.0) our role as designers to give this idea (1.4)

16 e::rm

17 a form basically to to (.3)

18 I vep

19 P1 bring it into be:ing (.7) and erm (.5) so (.4) decision
20 making i would say is erm (1.8)
21 e:r(1.0)
22 well i1 mean there are there are lots of lots of tiny

23 tiny decisions erm at th- i mean at the very beginning
24 erm you you develop maybe a erm a rather abstract idea
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25 of of how something could be and then through a

26 iterative process of erm model making and sketching (.5)
27 you erm (.6) you=

28 =yeah you develop this idea but it's erm (.4) oftentimes
29 not so much that you (1.5) erm (1.0) only decide how

30 things should be but (.4) that you erm do something and

31 then the the thing that is in front of you (.5) maybe a

32 drawing or a a model (.6) erm (.4) er speaks back to

33 you=

34 =and erm >in a way< erm s:o (.6) it's erm and then then

35 of course you react to it and e:rm and so (.5) there are
36 hundreds of of decisions detailed decisions

The interviewer’s (I) question is prefaced with ‘this might be a little bit more
tricky’ (line 2), which establishes the request to specify decisions made as
potentially difficult. This signals to the participant that they may not neces-
sarily be expected to give a straight answer. The question is then formulated
as ‘could you briefly tell me about some of the decisions you made’ (lines
3—4). This is an open question, which allows the participant to select which
decisions to focus on. The use of ‘some of” portrays a larger number of deci-
sions that the participant can select from. The question is then reformulated,
as ‘what were the particular decisions that you had to make in designing this
product’ (lines 5—7). This reformulation makes the request more specific, in
saying ‘particular decisions’, and makes clear the interest in the specific design
project, saying ‘this product’. The disclaimer that the question might be diffi-
cult, and the hesitancy in how to frame the question, indicates possible prob-
lems with expecting a clear account of decision-making.

In the designer’s (P1) response to this question there are long pauses and an
elongated ‘erm’ in line 8, followed by ‘well decisions yeah’ and laughter.
This both buys time before providing a response and signals that the request
to identify decisions is tricky. Pauses and hedging (delaying sounds such as
‘erm’ which highlight delicateness (Wiggins, 2017)) feature regularly in the
extract, which implies that the narrative is in some way difficult to construct.
We therefore see that, as indicated in the question, the designer does indeed
demonstrate difficulty in formulating a response.

In the rest of the extract, the designer offers a detailed account of the design
process. First, he makes a general claim: ‘I think design is always decision-
making ... the whole time’ (lines 9—11). This enables the participant to shift
the conversation away from identifying specific decisions, as he makes the
issue general by using the extreme case formulations ‘always’ and ‘the whole

Accounting for design decisions



time’. Such extreme case formulations have been shown to be used to portray
something as typical (Edwards, 2000; Pomerantz, 1986). Through this
response, he indicates the difficulty of identifying a specific instance of a deci-
sion as an action. He then provides an alternative account which reframes his
initial portrayal of a continual process, by describing lots of small decisions.
He says, ‘lots and lots of tiny tiny decisions (lines 22-23) and ‘hundreds of de-
cisions detailed decisions’ (line 35). The small scale and the large volume of
these decisions are highlighted through repetition. This plays down the signif-
icance of any specific decisions in the design process, by characterising the de-
cisions as small and commonplace. The features of this response thus work to
demonstrate the problems with being asked to specify decisions made.

The participant also offers an account of alternative actions in the general
design process. He provides several descriptions of what design involves.
The designer’s creative role is depicted in saying ‘it’s our role as designers to
give this idea erm a form basically’ (lines 14—17), and then adds ‘to bring it
into being’ (lines 17—19). In lines 25—28, he describes design again as a process
rather than a series of decisions, this time offering a more detailed description.
He says, ‘though a iterative process of erm model making and sketching you
erm you yeah you develop this idea’. In lines 30—32 he reports ‘you erm do
something and then the thing that is in front of you maybe a drawing or a
model erm er speaks back to you’ and then adds in lines 33—34 ‘and then of
course you react to it’. The notions of giving a form to something and bringing
it into being portray a practical process of acting and reacting to material
things. The metaphor of the drawing or model ‘speaking back to you’ implies
that the agency to do design work lies not only with the designer, but also
within the objects themselves. This helps the participant avoid talking specif-
ically about specific decisions he has actively made himself. The account of
alternative actions in the design process, which contrast to the notion of mak-
ing decisions, further portrays difficulty with the assumptions in the original
question that specific decisions can be identified.

Furthermore, it is worth noting that throughout this detailed description of the
design process, the designer talks about designers as a category. He uses the
generalising ‘you’ pronoun (lines 12, 24, 27, 29, 30, 31, 33 35), which portrays
the aspects of the design process he is describing as typical for designers. This
also helps him reject the request to give an account of specific decisions he
made.

Next, we turn to an extract that shows the participant indicating that the ques-
tion of what decisions they had to make is problematic in a different way. In
extract 2, a product designer who has been talking about designing packaging
for shoes for a client, is asked to talk about some of the design decisions.

Design Studies Vol 84 No. C January 2023

10



Extract 2, from interview 9 — shoe packaging

it was getting them familiar with the sustainable (.6)
materials um (.6) >you know>

1 I yeah (.) tokay (.6) s::0 (.3) could you t1tell me about
2 some of the things that you had to make design

3 decisions a|bout

4 P9 (.3) mm (hhhh) s::0 (1.3) >i think some of the biggest
5 things< (.3) um because this company that we worked

6 with they had never (.7) done any like sustainability
7 initiative protjects berfore (.8)

8

9

The extract starts with an open question. The participant (P9) is asked ‘could
you tell me about some of the things you had to make design decisions about’
(lines 1-3). This is a different question to the one asked in extract 1, since
rather than asking what the decisions were, the participant is asked what
they were about. Nevertheless, the question clearly directly asks the partici-
pants about design decisions he had to make himself.

This question is met with pauses and hedging (‘'mm’, ‘so’) in line 4 which sig-
nals difficulty in answering at first. Then, instead of providing an account of
what the decisions were, the designer then gives a response that picks up on
the question of what the decisions were about. The participant first provides
his response, saying ‘I think some of the biggest things ...’ (lines 4—5). This
focuses his account on what he assessed as important. We see that ‘decisions’
is modified to ‘things’, which enables him to talk about what the decision was
about. He then provides an insertion, used to provide information needed for
the subsequent claim to be understood in a particular way. In the insertion he
explains that the client company had not worked on sustainable projects
before (lines 5—7). The designer then identifies one of ‘the biggest things’
that a decision was made about as ‘getting them familiar with the sustainable
materials’ (line 8). The designer focuses his response on an aspect important to
sustainability, materials choices, thereby orienting to the broader context of
the interview, despite sustainability not being in the interviewer’s question.
The designer thus claims that he had to make a decision about getting the
client familiar with sustainable materials. This response does not give any
detail about what the decision was, it only highlights this aspect as important,
and portrays a challenge regarding the client being less informed about sus-
tainable materials. It can be inferred from this response that the original ques-
tion, in its focus on design decisions made by the designer, misses the
important role of other stakeholders such as clients in decision-making about
sustainability. The designer’s role is portrayed as working to get the client
familiar with more sustainable options, so that the client could make a more
sustainable decision.
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3.2 How were the decisions made?

In extract 1, when the participant was asked to talk about some of the deci-
sions made, we have seen the participant talk about decisions as embedded
within the design process. Thus, no specific decisions are identified. In extract
2, we have seen that when the participant is asked what he had to make deci-
sions about, he highlighted that an important decision about sustainable ma-
terials was made not made by him. Despite the difficulty seen across the dataset
in talking about specific decisions that the designers themselves made, some
participants do go on to identify a decision. We now turn to two extracts where
the interviewer asks more direct questions to try to gain more detailed ac-
counts specifically of how these design decisions were made.

The participant in extract 3 has previously talked about a project he undertook to
propose a sustainable packaging solution for a ceiling fan to the consumer goods
company he works for. The focus was on using a more sustainable material, and
he had briefly mentioned having decided between three different material options.

Extract 3, from interview 2 — ceiling fan packaging

1 I okay (.3) interesting (.6) and so you we:re=

2 =initially you had these thre::e different material

3 options (1.3) how did you make the final decision (.8)
4 how did you weigh these options up

5 P2 (.6) yeah (1.0)

6 e:rm (.9) s:o (.6) in the end erm (.6) the company is er
7 company caters to the economy er sort of range=

8 =all the products are based (.3) are very economical

9 they aren’t er really into the premium segment or the
10 luxury segment so cost was always (.5) e:r on the back
11 of my mind that (.5) whatever we do (.5) it's not adding
12 to the product as such you tknow

13 I mhm

14 P2 it might add to the marketing but we had t:o keep in

15 mind that the cost is one of the major factors so that
16 was the first filter (.4)

17 ((36 lines omitted where the participant describes two other
18 factors influencing the decision, the environmental

19 impact of the material and how easy it 1is to

20 manufacture))

21 I and was it difficult to compare these different factors
22 and make a decision

23 P2 (1.7) e:r to be honest i guess erm (2.3) i could have
24 dealt before or you know i could have done a more (.4)
25 er (.4) detailed com[parison

26 I [mhm]
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27 P2 of all these (.5) now in retrospect i'm citing these

28 options but (.7) when i was in the whole design process
29 or the kind of process (.3) er ((product name)) (.9)

30 like impressed me so much on the personal front and also
31 the sustainability department people were like ‘wow this
32 is really nice’

33 I yep

34 P2 so i feel we were a bit biased toward towards it (.7) so

35 (.6) that 1 do realise now when i look at it so we were
36 trying to make er (.4) that option [work

37 1 [okay]

38 P2 (.5) because it was s:o erm (.4) sort of er it ticked
39 (.5) all the requirements which we had

In the opening lines, the interviewer (I) produces a summary or gist. The gist is
used to selectively reproduce elements of the participant’s prior talk to frame
as a follow up question. The interviewer’s question is prefaced with ‘initially
you had these three different material options’ (lines 2—3), where ‘three’ is
elongated. This prefacing works to highlight the idea of having options to
decide from. The question is first framed as ‘how did you make the final deci-
sion’ (line 3) and then followed up with ‘how did you weigh these options up’
(line 4). The first question remains open to different sorts of accounts of the
decision-making process, but the second question, in using the phrase ‘weigh
up’, again makes clear the interest in involving comparing options. This gives
an example of the kind of specific action that might be involved in decision-
making.

The questions are responded to initially by the designer (P2) with several
pauses and hedging ‘yeah erm so’ (lines 5—6), indicating some difficulty.
And then the participant provides a detailed description of three criteria
used to weigh up the material options, describing ‘cost’ as the ‘first filter’ in
lines 15—16, and then adding further detailed description of environmental
and practical factors (lines omitted). This response shows what sort of things
can be said about the specific activities involved in making a decision, by
describing the criteria used.

The interviewer then probes further, which might imply that the initial answer
was not sufficient. She asks in lines 21—22, ‘and was it difficult to compare
these different factors and make a decision’. Again, the emphasis is on
comparing the options as the way to make a decision, which steers towards
a particular kind of response, and the interviewer asks for an assessment of
whether this was difficult. This question is met with a long pause (1.7), indi-
cating some possible difficulty, and then an upcoming ‘confession’ is tenta-
tively announced by saying ‘er to be honest I guess erm’ (line 23). The
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‘confession’ is then given, saying ‘I could have done a more er detailed compar-
ison’ (lines 24—25). Here the participant is indicating recognition that the
initial answer was not treated as sufficient. Analysis of interview studies has
found that participants often seek to give answers based on what they think
a researcher is looking for (Rapley, 2012). Therefore, by responding more
directly to the interviewer’s suggestion of comparing factors in order to
make a decision, the participant demonstrates conforming with the re-
searcher’s request. The ‘confession’ continues in lines 27—28 ‘in retrospect
I'm citing these options but ... > which announces an alternative account is
about to be provided. The participant says, ‘when I was in the whole design
process or the kind of process er ((product name)) like impressed me so
much on the personal front and also the sustainability department people
were like ‘wow this is really nice” (lines 28—32). This second account portrays
a personal reaction of being ‘impressed’, rather than focusing on providing
facts or criteria for analysis. Reported speech depicts assessments by col-
leagues of the product being ‘really nice’. This response perhaps indicates dif-
ficulty in articulating the specific action of choosing, since this is portrayed as
just based on liking one option.

The admission of having taken a decision based on a personal reaction con-
tinues, with the designer saying, ‘so I feel we were a bit biased toward towards
it so that I do realise now when I look at it so we were trying to make er that
option work’ (lines 34—36). The use of ‘biased’ indicates an ideal of making
decisions objectively, in contrast the portrayal of actually of having made a de-
cision based on being impressed. The phrase ‘I do realise now’ portrays reflect-
ing back on the decision-making, and also again orients to the interviewer
having indicated that the initial account given was not sufficient. However,
the concluding statement in lines 38—39 ‘because it was so erm sort of er it
ticked all the requirements which we had’ shifts back to the idea of rational
decision-making, in asserting that the material nevertheless met the criteria.
This works to counteract any possible inference of cutting corners and making
a less effective decision based on personal reactions. Overall, we see the
designer orient to common normative assumptions, indicated in the interview
questions, of design decision-making as being a rational, explicit process, but
in the end shows difficulty and hesitancy in describing decision-making in this
way.

In the next extract, we see how a different designer also first portrays seeking to
make a decision in a methodical way, and then confesses that intuition is used.
This participant had previously talked about an electric vehicle charge point he
had designed while working for a small design company. An informal call had
been held with this participant in preliminary research, where the use of deci-
sion support tools in design had been discussed.
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Extract 4, from interview 12 — electric vehicle charge point

1 I okay >and< could you tell me a bit about the design

2 process and how you went about making decisions

3 P12 (1.2) sure e:rm yeah i think I think we might have

4 touched on our last call=

5 I =yeah

6 P12 i so i really (.7) er for this (.6) i really like a >I
7 quite like a process< called morphological analytsis

8 I mhm

9 P12 (1.0) erm which is where i essentially break down e:r
10 (.7) (.4) the functions of the product you're trying
11 (.5) er to develop erm (.5) or you yeah >you break down
12 er the product the product into its kind of< simplest
13 basic functions

14 I mhm

15 P12 erm and then you can combine those to create e:rm (.6)
16 concepts design concepts that you can then assess on how
17 erm >on how good they are<

18 ((55 lines omitted where the participant talks about

19 some of the different options available when designing
20 the electric vehicle charge point, and then gives detail
21 about what the process looks like on paper, involving

22 comparing lots of sketches in a huge table))

23 I yeah and so you've got you've got all these opti:ons in
24 a big grid

25 P12 mhm
26 I >how do you actually< <then choose>

27 P12 (1.4) erm so it's (1.0) yeah this is one of th:e (1.2)
28 this is maybe one of slightly controversial bits about
29 the process is it's largely (.8) intuitive

30 I mhm

31 P12 erm or based on experience

In the initial question, the interviewer (I) asks an open question both about the
design process for the project and specifically about decision-making, saying,
‘can you tell me about the design process and how you went about making de-
cisions’ (lines 1—2). The initial response from the designer (P12) is hesitant,
with pauses and hedging (sure erm year, line 3), before saying ‘I think we might
have touched on our last call’ (lines 3—4), referring to the previous conversa-
tion held during pilot research. In lines 6—7, the designer begins his response
by identifying a formal process for decision-making, saying, ‘I really like a I
quite like a process called morphological analysis’ (lines 6—7). This process
is described using an official name, indicating a technical, standardised
approach. However, there is hesitancy around depicting using the process
because the designer personally likes it, as we see a modification from ‘I really
like’ to ‘I quite like’.
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The participant then gives an explanation of what morphological analysis is.
This starts in lines 9—10 as a description of how the designer himself uses
this process, saying ‘I essentially break down er the functions’. But then ‘I’
switches to ‘you’ in the rest of the extract, to talk about how designers in gen-
eral may use the process. The use of generalising language portrays the process
as a commonly accepted method. For example, he says ‘and then you can
combine these to create erm concepts’ (lines 15—16). This works to make
the account appear universal and typical for designers. The participant then
provides a lot of further detail (in lines omitted) about how the process is
done, first in describing different options when designing the electric charge
point, and then in describing what the method looks like on paper. This
detailed account portrays knowledge and familiarity with the process which
adds credibility.

The interviewer probes further by summarising what the participant has said
about the process, saying, ‘yeah and so you’ve got you’ve got all these options
in a big grid’ (lines 23—24), and then asking, ‘how do you actually then choose’
(line 26). Thus, we see that the detail given so far about looking at the options
and considering criteria is not treated as giving enough information on the
actual process of deciding. The quantity of options is highlighted through
‘all these options’ and ‘big grid’. This question itself is very direct, and the
use of ‘actually’ portrays seeking an honest response that reflects what really
happened. The words ‘then choose’ are said more slowly, which works to
emphasise the choosing as the important bit. In response to this direct ques-
tion, we see some difficulty in continuing the narrative of the technical
approach. There are first pauses and hedging (‘erm so it’s ... yeah’, line 27),
and then the participant adds to his account in response to the signal from
the interviewer that the initial account wasn’t adequate. He gives a signal
that a ‘confession’ of something different is coming, declaring, ‘this is maybe
one of the controversial bits’ (line 28). The ‘confession’ that is then delivered
is “it’s largely intuitive erm or based on experience’ (lines 29—31). Decisions be-
ing made intuitively is portrayed as a possibly negative thing through the term
‘controversial’, or at least something that goes against expectations, through
describing it as controversial. The modification of ‘intuitive’ to ‘based on expe-
rience’ works to counteract any possible negative connotations of intuition, by
highlighting the role of the designer’s expertise in the decision-making.

4 Discussion

In this analysis of interviews with sustainability-focused product designers, we
have seen that the designers use different strategies to articulate how decision-
making fits into the design process. When asked about design decision-making
as an activity, decision-making is treated in different ways depending on the
question, but there is difficulty in clearly describing what took place. From
the analysis of the sixteen interviews, I identify the following findings. 1)
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Asking what decisions were made in a project is treated as problematic. The
idea of identifiable decisions as specific actions is brought into question,
through giving accounts of many small decisions being embedded in a creative
process, and through describing design as involving alternative actions to
decision-making (seen in eleven interviews). 2) The assumption, implied in
asking designers about the decisions they made in sustainable design projects,
that designers make key design decisions related to product sustainability is
also brought into question. Some designers instead claim that important
design decisions were about seeking to inform and influence other stakeholders
to select more sustainable options (seen in five interviews). 3) Asking how spe-
cific decisions were made in a project is responded to with accounts of rational
decision processes, but which are then undermined with ‘confessions’ of deci-
sions being made based on personal assessments and reactions (participants
gave such contrasting accounts of the same decision process in seven inter-
views). Since the findings are based on analysis of lengthy sequences of talk,
it is not possible to include the evidence for all of the instances in which the
findings can be seen in all sixteen interviews in this paper. Instead, as is typical
in DP (Wiggins, 2017), selected examples of sequential data representing the
three findings have been presented and analysed.

From finding 1, we can infer that talking about design decisions as specific,
identifiable actions is difficult and that it is instead easier to construct a retro-
spective account of the overall design process in which decisions must have
somehow occurred. The design process is portrayed by the designers as messy
and complex, rather than involving clear decision-making based on criteria.
This is in response to being asked about design decisions in a general way,
rather than about design decisions specifically related to sustainability.
Thus, the participants produce accounts of the process of designing in general.
These designers’ accounts resonate with the idea put forward by several au-
thors that their design practice involves intuition, embedded and embodied
knowledge (Cross, 2001b; Liedtka, 2013). Empirical research based on obser-
vation of design has found collaborative decision-making to be often done
intuitively rather than based on careful consideration (Lloyd & Busby, 2003)
and at times to have involved what have been referred to as ‘aha’ moments
(Cross, 1997). However, the conclusion from the present analysis is not that
design decisions are made intuitively, as this would involve assuming what
people say reflects an underlying reality. Instead, we can conclude from these
findings that decision-making is a construct that is used to make sense of a va-
riety of actions, rather than to describe one identifiable action. Rather than
treating design decision-making as either rational, using clear criteria, or intu-
itive involving creativity and feelings, designers can portray and navigate crea-
tivity, skills, and agency in different ways when accounting for decision-
making.
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From finding 2, we can infer that the designers are taking opportunities to
portray the limits of their individual agency over important design decisions
related to sustainability. When asked what they had to make decisions about,
we have seen an example of a participant claiming that he needed to make a
decision about making the client aware of sustainable materials. The designer
does not describe what the decision was, but describes what was important,
which was to influence the clients to understand the importance of sustainable
materials. Across the dataset designers who work in many different contexts
similarly portray sustainability-relevant decision-making as often done by
other stakeholders, rather than by the designers themselves. In theoretical
literature, it has been argued that the designer’s role should also include influ-
encing other stakeholders towards sustainability, given the social nature of
design (Fry, 2004; van de Poel & Verbeek, 2006). This study provides empirical
evidence of sustainability-focused designers indeed portraying an aspect of
their roles as involving trying to influence, in the absence of being able to
decide. In these instances, the construct of decision-making is used to
comment on agency, rather than specific actions or process.

From finding 3, we can infer that the participants are orienting to expectations
that design decisions should be explicit and made in rational ways. These ex-
pectations are sometimes explicit in the way the interview question is asked
(‘how did you weigh these options up’, extract 3). The participants knew in
advance of the interview that the researcher’s primary interest was decision-
making, so some may have thought about how to describe their decisions be-
forehand. Since the participants speak as research participants, they were
potentially seeking to fulfil the researcher’s needs (Rapley, 2012) by providing
a detailed account of considering different options in order to make a decision.
We have seen two examples of participants first constructing accounts of or-
ganised, sequential processes involving comparing options, but then under-
mining these accounts by ‘confessing’ contrasting accounts of making
decisions based on personal impressions or intuition. The latter are portrayed
as controversial as they go against expectations of objective decision-making.
This finding resonates with those of other authors who have concluded that
expectations of fully rational decision-making in design are unrealistic. For
example, Zannier et al. (2007) found software designers used a mixture of
rational and intuitive approaches, and Guersenzvaig (2015) propose that ra-
tionality and intuition are two elements of human decision-making in design,
rather than polar opposites. Calabretta et al. (2017) consider intuition and ra-
tionality to be contradictory in design decision-making but argue that they
should nevertheless be somehow integrated. Looking more broadly than
design, the fact that two different sorts of accounts of how the same decision
was made are provided reflects research in social psychology that has found
that people tend to retrospectively construct logical narratives of how and
why they made decisions, after initially making them based on gut instincts
(Haidt, 2001). While we cannot conclude from the analysis that the designers
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in fact made the decisions intuitively and then constructed a rational account
for the purpose of the interviews, we can conclude that there is something
tricky about trying to articulate how a decision was made. Again, this indicates
that the concept of decision-making is used to bring together many different
actions and processes, and so is difficult to describe as a whole.

Based on these findings, design decision-making can be reconceptualised as a
tricky yet flexible concept that is constructed in talk in different ways. Prior
research has used different methods to seek to identify whether design
decision-making in specific projects involves intuition, rationality, or both
(Calabretta et al., 2017; Cross, 1997). The present study makes a new contri-
bution to design studies by demonstrating that the ways in which design
decision-making is articulated are situated in their specific interactional con-
texts. The same design process can be described in different ways, for example
as involving intuition or rational comparing of options, depending in part on
what the designer is specifically asked and on what expectations are inherent in
the given context. The notion of decision-making can be used to focus on
different actions and processes, or on agency. The DP analysis thus demon-
strates the importance of considering reflective accounts of design work as
constructed and constructive (Wiggins, 2017). For studies based on interview-
ing designers about their work, analysis should consider both questions and
responses (Rapley, 2012), and should treat accounts as constructed within
their interactional contexts, to achieve different things, and manage different
assumptions, rather than reflecting a reality of what took place. Using DP
to analyse interactional talk provides a new direction for understanding how
being held to account for one’s actions affects reflective practice in design.

The practical implications of these findings are as follows. Guidance on design
decision-making could be adapted to reflect the trickiness of the concept. For
example, guidance on making better design decisions could include some ex-
tracts of designers’ reflective accounts of decision-making in specific projects.
This would demonstrate the complexity of talking about decision-making in
design and how designers make sense of their actions by sometimes portraying
rational comparing of options, sometimes portraying a creative, intuitive pro-
cess, and sometimes portraying negotiating a choice with others. This could
encourage further reflection and discussion on how decision-making is done
in design from designers’ perspectives. Guidance on sustainable design
decision-making in particular would benefit in particular from reflecting the
complexity in how the designers’ agency to make decisions is portrayed in their
accounts. We have seen portrayal of some sort of agency over many small de-
cisions embedded in the creative process, but not over making final decisions
regarding how sustainable products are. Thus, when giving guidance on mak-
ing explicit decisions that are key to sustainability, such as materials, it may
resonate with designers to include advice on ways of negotiating with,
persuading, and influencing other stakeholders to prioritise sustainability, as
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well as on actions such as identifying and comparing options that may form
part of deciding. Such advice may be informed by identifying successful nego-
tiation and persuasion strategies employed in design meetings (Luck, 2009;
McDonnell & Lloyd, 2009; Oak, 2011).

To improve this study, the interviews could have probed more to seek
extended accounts of the actions involved in decision-making. The fact that
the interviews covered multiple topics as part of a wider project meant that
the number of follow-up questions was limited. Further research could involve
interviews fully dedicated to the topic of decision-making in design, with spe-
cific and consistent questions on decision-making in general, and then on de-
cisions related to sustainability.

5 Conclusion

We have seen in this article that a great deal of specific guidance exists on how
to make better design decisions, including more sustainable decisions. Most of
this reflects rational decision theory rather than a creative or intuitive perspec-
tive on how design decision-making is done. While observation of design work
has provided a range of findings indicating creativity, subjectivity, and intui-
tion in design decision-making, there is a lack of research involving detailed
analysis of designers’ own accounts of decision-making in their work. Through
a DP analysis of sustainability-focused product designers giving accounts of
design decision-making, this study provides the following findings. 1) Being
asked to give an account of what decisions were made in a sustainable design
project is treated as difficult in terms of being able to identify specific decision
points in a creative process. 2) When talking about what important decisions
related to sustainability were about, participants describe influencing other
decision-makers, thus highlighting a challenge of agency to make key
decisions. 3) Being asked to describe how decisions were made is met with con-
structions of rational decision-making processes, sometimes reflecting a
rational framing in the question asked, involving comparing identified op-
tions. However, this is then this is undermined through ‘confession’ of the cen-
trality of personal reactions and assessments in design decision-making.
Overall, we see difficulty in articulating both what decisions were and how
they were made in a design project, but nevertheless see attempts made to
construct informative accounts of decision-making and design processes,
and to portray the designer’s effort in finding appropriate solutions to a sus-
tainable design problem.

Based on the findings of this study, there is an opportunity to reconceptualise
decision-making in design, as a flexible construct used to account for various
actions and processes, that is used in different ways in different situations.
Practical guidance on design decision-making could be modified to more
closely reflect the variety of ways in which designers articulate their actions
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and roles. For design researchers, this analysis has shown the usefulness of DP
for analysing interviews as interactions and provides a different methodolog-
ical direction for analysing reflective practice in design.
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Appendix A. Interview participants

Location Sex Type of project talked Product type
about

1 Germany Male Professional project - in- Furniture
house

2 India Male Professional project - in- Packaging
house

3 US/Netherlands Female Professional project - in- Luggage
house

4 Argentina/Italy Male Professional project - Furniture
independent

5 UK Female Internship - design agency  Child’s bike

6 UK Female Postgraduate project plus  Cycling backpack
previous work in industry

7 France Female Postgraduate project plus  Architectural
previous work in industry  outdoor space

8 Netherlands/Brazil Female Postgraduate project plus  Plant sensor
previous work in industry

9 usS Male Professional project - Packaging
design agency

10 Spain Male Design competition Compost bin

11 Brazil Male Professional project - Facemask
independent

12 UK Male Professional project - in- Electric vehicle
house charger

13 US Male Professional project - in- Vehicles
house

14  Canada Female Professional project - in- Yoga mat

house

(continued on next page)
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(continued)

Location Sex Type of project talked Product type
about
15  Germany Female Professional project - Lamp
independent
16 UK Male Professional project - Plastic cup
independent

Appendix B. Transcription symbols (Wiggins, 2017,
adapted from Jefferson, 2004)

—_~—~
—_
N

~

CAPITALS

Underlined

> <
<>

Tl

]
h

£
#
[

h
Huh/heh/hah
‘ves’

(())

(Unclear)

A micro-pause around one tenth of a second

A pause or silence, measured in seconds and tenths of seconds
Latched talk, where there is no hearable gap between words (can
occur within a turn at talk, or between speakers)

Stretched sounds in talk; the more colons, the longer the sound, as
in rea::lly 1::: ong sounds

Talk that is noticeably louder in contrast to the surrounding talk
(sometimes shouting)

Emphasised words, or parts of words, are underlined

Degree symbols enclose noticeably °quieter® talk, with double
degree signs indicating °°whispering®°

‘Greater than’ and ‘less than’ symbols enclose talk that is at a
faster pace (>speeded-up< talk) than the surrounding talk

‘Less than” and ‘greater than’ symbols enclose talk that is at a
slower pace (<slowed down> talk)

Upward arrows indicate a rising pitch in talk, downward arrows
indicate falling pitch

British pound sign indicates smiley voice or suppressed laughter
Hashtag indicates ‘creaky’ voice such as when someone is upset.
Square brackets indicate the start (and end) of overlapping talk
hhs indicate audible breaths. A dot followed by hs (.h) indicate
audible inbreaths; without the dot (as in hh) is an outbreath.
Within a word (as in ‘ye(h)s’), this indicates laughter while talking
(‘interpolated laughter’). The more hs, the longer the breath.
Laughter can be represented with outbreaths that have vowel
sounds within them.

Single quotation marks are used to indicate reported speech or
thought

Double brackets (sometimes without italics) contain details about
other features that have not been transcribed, e.g., ((waves hand) )
Words in single brackets are the transcriber’s best guess at what
was being said, or (unclear) or (inaudible) if it really can’t be heard
clearly
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Engineering aims to solve consequential, real-world problems. To be effective
problem-solvers in societal contexts, engineers and designers must be trained to
conceptualize and operationalize ethics, equity, and justice in their practice. Our
work develops a methodology — based on the Design Justice framework — for
ethics, equity, and justice audits of design pedagogy. We apply this methodology
to audit design and design critique courses at a technology institution — the
Massachusetts Institute of Technology. Through this audit we identify exemplar
courses as well as ways in which courses fail to engage with ethics, equity, and
Justice. This audit, the largest of its kind, is a proof of concept of how the audit
methodology can be applied to design education and practice.

© 2023 Elsevier Ltd. All rights reserved.

Keywords: design education, engineering design, research methods, inclusive
design, design justice

Check for
updates.

gineering, and design expertise in future engineers (Cross & Cross,

Engineering design pedagogy largely focuses on building scientific, en-

1998; Magney & Bucciarelli, 1995). This focus on analytical and tech-
nical rigor, while essential, does not generally take into consideration the vital
and complex role of social and environmental contexts in the design of tech-
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2021). Given that the shared purpose of engineers and of engineering is to
solve consequential, real-world problems, our research project takes as its
starting point the need to train engineers to conceptualize and operationalize
ethics, 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 ques-
tions of ethics, equity, and justice. Engineering education and design re-
searchers 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 (Costanza-Chock,
2020; Gallimore, 2021; Riley, 2008). 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 pre-
pare engineers of the future. In our work, we draw and build on the pivotal
work of Sasha Costanza-Chock (2020) which proposes design justice as a
“framework for analysis of how design distributes benefits and burdens be-
tween various groups of people.” Design justice researchers, such as
Costanza-Chock (2020) and (D’Ignazio & Klein, 2020), and practitioners
urge designers to consider the ways in which design can perpetuate or chal-
lenge systems of oppression and discrimination in contemporary societies
(Collins, 1990; Costanza-Chock, 2020). 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 work is done with and for (Costanza-
Chock, 2018). The focus of our work is how the normative logics underpin-
ning design are rationalized and perpetuated through pedagogy (Costanza-
Chock, 2018), particularly in light of the recent movements centering racial,
social, and environmental justice and the resulting unprecedented amplifica-
tion of justice in the social consciousness in the United States starting in
2020. We explore the impact of these rapidly mainstreaming social move-
ments on design pedagogy at a technology institution. Our audit of design
pedagogy at 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 better train engineers of the future to serve so-
ciety. The overarching aim of our research endeavor is to inform and stimu-
late the creation of design pedagogy that creates engineers who, through their
design practice, aspire to advance equity and justice. We make the four
following contributions through our paper: first, we extend the design justice
framework for assessing design pedagogy; second, we explore which elements
of the design justice framework are embedded in design pedagogy and how
they engage with ethics, equity, and justice; third, we demonstrate a proof
of concept design justice syllabus audit methodology that can be used at in-
stitutions of higher education; and fourth, we investigate what impact, if
any, the social movements of 2020 have had on design pedagogy between
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Fall 2019 and Fall 2020 at the institution. Such periodic audits can be used to
understand, measure, and orchestrate systemic and institutional shifts to-
wards educating and training future designers and engineers who are better
able to engage with ethics and justice. The first ever design justice audit of
design pedagogy at this technology institution carried out in our work creates
a baseline for comparing future pedagogical improvements and innovations.

1 Related Works

Design justice is a framework of analysis as well as a community of practice
that “ensure[s] a more equitable distribution of design’s benefits and burdens;
meaningful participation in design decisions; and recognition of community-
based, Indigenous, and diasporic design traditions, knowledge, and practices”
(Costanza-Chock, 2018). A design justice analysis of technological design ex-
amines whether a particular technology challenges or reinforces existing and
systemic forms of oppression and suppression or the matrix of domination
(Collins, 1990). Costanza-Chock’s book on design justice proposes seven ques-
tions 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 whose work is recog-
nized as design (Equity), (2) what users and communities do we design for
and with (Beneficiaries), (3) what values are embedded implicitly or explicitly
in technological artifacts and systems (Values), (4) how do we scope and frame
design problems (Scope), (5) where is design work done and how does the loca-
tion of the design work impact which sites are privileged whereas others are
marginalized or ignored (Sites), (6) who receives the benefits of design work
and how can the work be owned by communities instead of individuals
(Ownership, Accountability, & Political Economy), (7) how do we rationalize
and remember how and why technologies are designed as they are (Discourse)
(Costanza-Chock, 2018). In order to add greater granularity to our analysis
and pay particular attention to discussion of past harms of technology, we
separated “Discourse” into two distinct categories of “Discourse” and
“Histories.”

Universalist, standardized, and one-size-fits-all approaches to design are too
often prescribed as part of engineering pedagogy. These methods overlook
how the potential benefits, burdens, and harms created by technologies are
distributed on the basis of race, ethnicity, class, gender, disability, sexuality,
and other markers of identity. While prior design epistemologies and para-
digms—including (but not limited to) value sensitive design (Friedman,
1996), values in design (Knobel & Bowker, 2011), resource-constrained design
(Anderson et al., 2012), human-centered design (Buchanan, 2001) and oth-
ers—have sought to center users and communities, but none have the explicit
attention towards intersectional equity as part of design work in the way that
design justice does.

Impact of social movements on design pedagogy



Examples of well-intentioned but flawed engineering efforts aimed towards
development abound in engineering practice and pedagogy. In a critique of
such engineering-for-development initiatives, Nieusma and Riley (2010)
observe that these engineering initiatives often make inaccurate and problem-
atic assumptions about the role technology can and should play in develop-
ment — be it in the West or in the Global South. Technology-for-
development 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. Similarly, Schneider et al. (2008)
critique the colonial undertones of university-led engineering development
projects through which students from Global North universities seek to launch
development initiatives in the Global South. Here too, because of the limita-
tions 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 designed for, and not with, as
advocated by the design 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 (Mitcham & Munoz, 2010) describe as humanitarian engineering.
They write that humanitarian engineering can be described “as working to
escape what has been called the ‘social captivity of engineering’ by capitalism
or nationalism or some other form of wealth and power” (Goldman, 1991;
Mitcham & Munoz, 2010). Indeed, a pursuit of humanitarian 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 practice and pedagogy (Lucena & Schneider, 2008). 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 humanist ways of knowing to bear on the role of
science and technology in society (Verma, 2021b). Pritchard and Baillie
(Pritchard & Baillie, 2007) carry out such an analysis through a survey of Sci-
ence and Technology Studies (STS) faculty and identify participation, politics,
and citizenship as key analytical themes. Our paper builds on this work and
adds additional analytical themes from the design justice framework—such
as Values, Scope, Discourse, and Histories—for analyzing design pedagogy.

While Costanza-Chock’s Design Justice scholarship (Costanza-Chock, 2018,
2020) 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 et al.,
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
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scholarly effort to extend the design justice framework for assessing design
pedagogy. While no previous work has explored how design justice is
embedded in design education, prior studies have developed methods of re-
viewing course syllabi to find patterns concerning how particular topics,
such as ethics, are covered in curricula. Syllabus analysis is an established, use-
ful method of identifying areas of emphasis in curricula (Chong, 2015). 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
standalone or if the 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 of these engagements. Their recom-
mendations for integrating ethics content into computing courses include
emphasizing, starting in introductory courses, the key principle that even a
small design artifact like code can have social consequences so that students
understand the responsibility of working in computing early on in their educa-
tion. We conducted an audit of design course syllabi using a similar overall
methodology to investigate the ways in which instructors engage with ethics,
equity, and justice in design pedagogy in both engineering as well as non-
engineering departments of a technology institution. A key difference in our
methodology from that of Fiesler et al. (2020) was that our focus was on
syllabi available within a single institution. Additionally, our dataset was built
by requesting syllabi from professors teaching design courses, whereas Fiesler
et al. (2020) used syllabi shared by a group who self-identified their courses as
relevant. The design justice audit was guided by the following research ques-
tions 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 ethics,
equity, and justice considerations. We expect to see wide variation across clas-
ses and departments in their levels of engagement with these topics: from no
presence to integrating ethics, equity, and justice 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 para-
digms embedded in their pedagogy based on the parts of design they have
traditionally engaged with. For instance, Mechanical Engineering courses
may include more Beneficiaries since engagement with users is a common
part, especially of product design courses in the field. Similarly, Nuclear Sci-
ence and Engineering courses may include more Histories since some design
courses involve critique of historical failures of nuclear technologies.
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RQ3: What impact, if any, have the racial, social, and environmental justice
movements of 2020 had on design pedagogy?

We hypothesize that the racial, social, and environmental justice movements of
2020 will have minimal impacts on design pedagogy. We expect that due to the
COVID-19 pandemic, courses may incorporate more practices that indicate
social mindedness (such as extension policies, explicit disability accommoda-
tions, etc.) but we do not expect this to permeate into pedagogy.

2 M ethodology

To answer our research questions, we analyzed the design courses and the
design principles (Fu et al., 2016) embedded therein at a technology institution
through a novel design justice centered syllabus auditing methodology that we
developed.

2.1 Syllabus auditing process

Our initial approach included performing a keyword search of “design” in the
course catalog for Fall 2020 after the racial, social, and environmental justice
movements of winter, spring, and summer 2020. However, initial results (1006
courses for Fall 2020) did not comprehensively encompass design pedagogy at
the institution. Recognizing the importance of design and critique as part of a
reflective design practice (Bardzell, 2010; Verma, 2021a), we were interested in
identifying not only design courses but also courses which taught the students
to think critically of design. In our analysis, we refer to these as “critique”
courses. In order to capture design justice considerations as they appear in
both design and critique courses, we extended the design justice framework
and developed elaborations of the design justice questions 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.

Though we initially started with a keyword search for “design” in course de-
scriptions, in order to capture the broadest possible range of design and
critique courses, we developed a more rigorous approach that consisted of re-
viewing course listings across six departments. The departments chosen for our
analysis are representative of our (authors’) expertise and are known for their
emphasis on design at the Massachusetts Institute of Technology (MIT): Me-
chanical Engineering (MechE), Electrical Engineering & Computer Science
(EECS), Nuclear Science & Engineering (NSE), Architecture, Urban Studies
& Planning (DUSP), and Media Arts & Sciences (MAS). Across these depart-
ments, we logged courses for Fall 2019 and Fall 2020, collecting the course de-
scriptions, syllabi, and any additional course materials available. Additionally,
we identified courses taught in both Fall 2019 and Fall 2020 for comparison.
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Table 1 Design justice questions: Examples in the context of design and critique

Question

Design example

Critique example

Equity: Who gets to do
design?

Beneficiaries: Who do we
design for or with?

Values: What values do
we encode and reproduce
in the objects and systems
that we design?

Scope: How do we scope
and frame design
problems?

Sites: Where do we do
design? What design sites
are privileged? Which
sides are ignored or
marginalized? How do we
make design sites
accessible to those who
will be most impacted?
Ownership, Accountability,
& Political Economy: Who
owns and profits from
design outcomes? What
social relationships are
reproduced by design?
How do we move towards
community control of
design processes?

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 technology as its
designers.

The course considers how
designers 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 the
design work.

The course teaches student
designers to reflect on their own
biases, assumptions, and values
and how these might become
embedded in the artifacts or
systems they design.

The course teaches students to
pay attention to the ways in
which design problems are
framed and the extent to which
justice, equity, and ethics
considerations shape those
framings.

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 asks students to
reflect on who may ultimately
own the artifact or system being
designed, what social and power
relationships the designed
artifact may either reproduced or
create anew, or how the
ownership of the artifact or
system being designed can, over
its full lifecycle, be held by
communities instead of by
individuals.

Impact of social movements on design pedagogy

The course critiques how identity and
background shape who is able to do design
and be recognized as a designer. The syllabus
critiques design practices that do or do not
view users and impacted communities as co-
designers.

The course includes theoretical or
methodological resources or itself critiques
design processes that give differential access to
individuals (who is designed for and with), or
individual preferences, based on their identity
and background.

The course includes theoretical or
methodological resources that students can
use to examine or critique the values that are
implicitly or explicitly encoded in
technologies, and/or the course itself includes
this critique.

The course includes theoretical or
methodological resources that students may
use to examine and critique the framing of
design problems—focusing on whether those
framings are attentive to justice, equity, and
ethics,—and/or the course itself includes this
critique.

The course includes theoretical and
methodological resources that enable the
students to critically examine and interpret
how the site of the design work shapes the
designed artifact, and/or the course itself
includes this critique.

The course includes theoretical or
methodological resources that enable students
to critique the designed artifact or system and
its maintenance, by examining its ownership
structures and social and power relationships
created or reproduced by the design, and/or
the course itself includes this critique.

(continued on next page)



Table 1 (continued)

Question

Design example

Critique example

Discourse: What stories
do we tell about how
things are designed?

Histories: Acknowledging
unequal histories and/or
historical harms arising
from technology design,

use, or diffusion.

The course asks students to
consider how the technology or
artifact being designed may be
interpreted and/or rationalized,
and it’s raison d’étre described
by future users.

The course asks students to
consider the historical harms
that may have arisen from prior
versions of the technology being
designed.

The course includes theoretical and
methodological resources that enable students
to critically examine how and why prior or
current technologies are interpreted,
rationalized and the raison d’étre described by
past, current or future users, and/or the course
itself includes this critique.

The course includes theoretical and
methodological resources that students can
use to examine the historical harms that have
arisen current, prior, or future technologies,
and/or the course itself includes this critique.

We iteratively identified and agreed (two coders per course description) upon
which courses were design and/or critique courses that included aspects of
ethics, equity, or justice to include for further analysis. We engaged in this
form of “purposeful” sampling (Welch & Patton, 1992) in our qualitative
research approach to ensure we captured the variation of design courses within
the institution and to test developing ideas of the presence of Design Justice.
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 syllabi that
had a design or critique component across the six departments. We gathered
121 course syllabi from Fall 2019 and 119 syllabi from Fall 2020—a total of
240 unique course syllabi. Of these, 65 were courses offered in both semesters
and thus could be directly compared. Table 2 depicts the course distribution
across departments and the corresponding number of syllabi that were
analyzed.

2.2 Analysis

We analyzed all course descriptions and syllabi to identify the inclusion of
ethics, equity, and/or justice content within design and critique courses.

Table 2 Number of total classes in each department of interest in Fall 2019 and Fall 2020 along with number of syllabi re-
quested and number of syllabi analyzed for each department of interest

Fall 2020 Fall 2019
Total number Number of Number of Total number Number Number of
of classes syllabi syllabi of classes of syllabi syllabi
requested analyzed requested analyzed

MechE 130 89 34 128 83 28

EECS 161 48 26 152 46 22

NSE 41 9 6 38 6 5

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
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Each syllabus was analyzed comparatively by two coders using an iteratively
developed rubric, similar to established rubric development processes (Das
& Yang, 2021). A draft of the rubric was created after the research team con-
ducted 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 a subset of the syllabus data-
set including nine syllabi gathered from across four of the departments (NSE,
MechE MAS, and EECS). The rubric is composed of four sections: (1) Intro-
duction, (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, and equity, including land acknowledgments (statements
recognizing Indigenous Peoples as traditional stewards of the land) and state-
ments concerning mental health and disability accommodations. The Course
Description section uses a Python script to read the course description and re-
cord the presence of 26 terms that relate to design justice themes (e.g. “stake-
holder,” “participatory,” “inclusive,” “intersectionality”), gathered from our
rubric development process. The full list of these terms is provided in
Appendix A. These are some of the themes that were considered to be relevant
to the design justice questions without explicitly using the language in the
design justice questions.

The Syllabus section’s questions examine the implicit or explicit presence of
the design justice questions and design paradigms included in the syllabus
(e.g. human-centered design, complex system design, value centered design,
etc.). The Summary section of the rubric records whether external community
partners 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 prin-
ciples are explicitly/implicitly and meaningfully/superficially incorporated into
the course. We define “implicitly” as a consideration of design justice questions
but without labeling them as such and without any inclusion of theoretical and
methodological resources. This may include holistic discussions of themes
such as inclusive design or universal design that are related to design justice
that are not captured in the design justice questions. “Explicitly” is defined
as direct mentions and considerations of design justice questions with exposure
to theoretical and methodological resources. “Meaningfully” and “superfi-
cially” were defined across a range from “no mention in the syllabus” to “a
cursory one-liner in the syllabus” (superficially) to the course being “focused
on design justice” (meaningfully). The coding using the rubric was completed
by two team members for each course syllabus. Each team member coded each
syllabus independently using the rubric in the format of a Qualtrics survey.

Impact of social movements on design pedagogy



Researchers discussed the results and resolved any disagreements, similar to
Daly et al.’s (2012) coding approaches. After all syllabi were coded through
the rubric, we analyzed the results in several stages. The first stage involved
aggregating numerical data from each department to track how many syllabi
in each department were addressing each design justice question. We also re-
corded the implicit/explicit engagement levels, meaningful/superficial atten-
tion to design justice principles, 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 design justice considerations
in the course being analyzed. Responses to this question were used to identify
exemplar courses described in Section 3.2. These results were aggregated in the
same way as the data from the design justice questions. We also compared 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 year
to in-depth descriptions of course policies and grading to slides in the presen-
tation from the first class of the semester to pages on websites. We obtained
syllabi through consulting the archives of the institution’s course management
system and working with professors and departmental instructors and admin-
istrators. All syllabi that we gathered from the course management system
were publicly available to the community. We also reached out directly to pro-
fessors and departmental administrators—an approach that posed its own
challenges. We sent up to two emails requesting syllabi, but only 44% of emails
yielded a syllabus of interest. We experienced several challenges and limita-
tions with regards to gathering syllabi including the variety of dispersed loca-
tions that syllabi were stored (i.e., course management system, instructors,
websites), low availability of syllabi if they were not posted online, only syllabi
from one semester being available (often the most recent semester), and incor-
rect listing of instructors on the course website. A central repository of course
syllabi would make it significantly easier to replicate and extend the audit
approach in the future as well as in other university contexts.

Another limitation of this work has to do 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 in-
structors use to incorporate design justice into their curriculum. For 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 student-directed and otherwise not captured in the course description
or syllabus (e.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.
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3 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/justice/equity-focused critique) for syllabi gathering. Our analysis of the
syllabi from these departments and courses, which forms a baseline against
which future curriculum development can be assessed, reveals that design jus-
tice is grossly underemphasized in design pedagogy. This is despite increased
discussion around diversity, equity, and inclusion in academic spaces,
including calls from engineering leadership to center equity in undergraduate
curricula (ABET, 2021; Gallimore, 2021), particularly in light of the recent eq-
uity and justice centering movements. Coursework continues to be more
focused on the design process and design outcomes without detailed consider-
ation of societal and environmental implications of technology development
and use. Principles of equity, justice, and engagement with user populations
and impacted communities, when present, are more commonly treated as
one-off engagements instead of sustained community partnerships, which
have been shown to be more impactful (ABET, 2021; , Ostrowski, Breazeal,
& Park, 2021; Gallimore, 2021). We observe some positive movement with
classes discussing topics such as sustainability in engineering contexts. Howev-
er, discussions around ethics, justice, and equity are more commonly found in
classes that do not have design components or are outside of engineering dis-
ciplines, such as in DUSP or MAS. Though the COVID-19 pandemic and the
social movements of 2020 served as catalysts 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 determine a representa-
tive trend, we now have a critical first data point.

3 .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 compared the per-
centage of classes across each department that had any design justice compo-
nent. 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 Archi-
tecture (54.3%), MAS (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 justice-related topic in the syllabus.

As shown in Figure 2, courses in non-engineering departments such as archi-
tecture, DUSP, and MAS consistently included design justice considerations
at a much higher rate than courses in engineering departments. Courses in en-
gineering departments performed especially poorly along the Equity, Sites,
Values, and Discourse dimensions—categories that are no less applicable in
an engineering context than a non-engineering one. Figure 3 provides an
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additional way to visualize 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 or not mentioned. MAS, Architecture, and NSE clustered
together with having some design justice presence but the overall average
was a cursory one-liner in the syllabus without implicit or explicit mention
of design justice, though the middle two quartiles demonstrate that there is
a small range toward low implicit or explicit mentions in these departments.

32 Exemplar courses

Despite the relatively low emphasis on design justice considerations across de-
partments, our syllabus analysis did reveal a number of exemplary pedagogical
practices. In this section, we explicitly identify these courses as exemplars that
other instructors could emulate in the future.

Design justice and related concepts as main learning objectives. Some courses
had topics that were very aligned with design justice with an additional
emphasis on technology. For instance, one way that design justice was incor-
porated 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 on how technologies can enable or prevent justice and
perpetuate or help fix social inequalities. One course of this type in MAS began
with an in-depth examination of racism and social injustice in the United
States with readings and discussion focused on these and other justice-
related topics. The course then introduced a technical 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 related to design
justice.

Design justice concepts incorporated into technical pedagogy. One type of exem-
plar was a course that not only emphasized technical rigor, but also centered
design justice considerations in the context of tool use and development. For
example, a 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, it analyzes the use of maps and seeks to po-
sition map-making 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 with readings on 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
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in the area. This practice of foregrounding social context and interspersing
ethics, 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 engagement. Some courses incorporated external
groups relevant to the design topic into their pedagogy, like clients, experts,
and community members. Select courses in sustainability in Mechanical Engi-
neering and DUSP took students on field trips and met with local experts to
better understand the leading factors and first-hand insights related to a spe-
cific environmental issue. The hands-on engagements that centered around
different aspects of the problem—from health (of humans and ecosystems)
to economic security—promoted a more well-rounded problem-solving
approach. Similarly, a design-for-the-developing-world social impact course
in Mechanical Engineering had community partners evaluate the proposed
technologies as part of the course’s evaluation process of whether or not the
device would actually be useful to the community partners. Though these com-
munity members were not treated or identified as co-designers, they gave input
throughout the design process in a formalized way. By collaborating with
those who would be affected by design decisions, these classes in Mechanical
Engineering and DUSP allowed students to better understand the social nu-
ances of building technologies and/or designing urban infrastructures.

Just as the courses described above represent exemplary pedagogical practices,
several others 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 general these course fall into one of three categories.

(1) One set of courses tends to over-intellectualize 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
size and scope of such systems and their architecture of systems made up
of several systems, questions of equity, ethics, and justice are easily over-
looked. Instead, they ought to be integrated into every level of scale and
technology design (Turner, Verma, & Wood, 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 under-
served communities, without directly engaging with those communities
during any stage of the design process. Such approaches to design, if
normalized as part of the pedagogical practice at leading institutions of
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higher learning, are likely to be amplified and perpetuated in design prac-
tice when students enter the workforce.

(3) A third set of courses are those 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 critique work.

Overall, exemplar courses demonstrate a variety of ways to integrate design
justice concepts into both engineering and non-engineering pedagogy, with
several examples of exemplary pedagogical practices transcending specific de-
partments. For example, both engineering and non-engineering 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 analytical tools being developed in the
course. Conversely, several courses whose syllabi we analyzed contain exam-
ples of how not to teach ethics, equity, and justice content. While our list of
exemplary and non-exemplary pedagogical practices is not exhaustive, we
recommend that instructors of design courses reference these examples, the ex-
emplars 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 pedagogical approaches that are not yet in practice.

33 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 4 re-
veals 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.

In addition to comparing the design justice areas between semesters, we also
explored how design justice emphasis changed between semesters by analyzing
how implicitly or explicitly the design justice questions were addressed in the
course and how meaningfully or superficially they were incorporated.
Figure 5 depicts the results from 10 courses across the departments that ex-
hibited 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 explicitly 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 incorporating
design justice explicitly to incorporating it implicitly. For example, courses
that moved from low implicit or no mention to low or high explicit reshaped
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the course to include design justice or added design justice case studies to com-
plement technical material. Courses that moved from having no mention to
implicitly incorporating design justice added limited readings around the topic
area without specifically categorizing them as “design justice focused”
whereas, courses that moved the opposite direction from explicit to implicit,
though few, often removed readings or focus on design justice to prioritize
other materials.

The changes we saw were incorporated into courses in a variety of ways. Some
courses restructured 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 areas. A few 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 areas or its 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 changes was transformed into what we
have called an “exemplar.” It is noteworthy that such a transformation
occurred after a change of instructor. This suggests that courses lacking design
justice content might not falter from lack of potential or irrelevance to course
content; it simply takes someone with an eye and intention for justice—a skill
that can be learned by engineering and non-engineering course instructors—to
redesign curricula. Ultimately, however, even the majority of courses with pos-
itive improvement could be considerably further improved through more
explicit, meaningful, and intentional inclusion of design justice considerations.

4 Conclusions

RQ1: 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 consider-
ations. In particular, there is a large gap in the level of engagement with these
topics in engineering design courses compared to design courses outside of the
engineering departments. This is a troubling finding and suggests that engi-
neering design curricula could be reformed to meaningfully engage with eq-
uity, justice, and ethics considerations.
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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
tended to 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 Engi-
neering and Nuclear Engineering courses both had a higher presence of Ben-
eficiaries and Scope, but Nuclear Engineering also had a clearer focus on
Histories, likely because of the presence of many critique courses that ad-
dressed past disasters. Architecture courses had a higher presence of Benefi-
ciaries, 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 par-
adigms. For instance, sustainability and climate change were focus areas for
several engineering design courses.

RQ3: What impact, if any, have the racial, social, and environmental justice
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 short of a time frame to see any
significant changes, so we plan to continue this research in the future to deter-
mine how long it takes to see meaningful changes in the curriculum.

S Discussion

Our paper highlights the notable absence of design justice principles in design
and design critique courses, especially in engineering departments, at a tech-
nology institution, despite the racial, social, and environmental justice-
centering movements of 2020. We call for a stronger emphasis of ethics, equity,
and justice in design pedagogy. While these principles may be found in non-
design courses and non-engineering departments, it is important for future de-
velopers and designers to responsibly engage with the social contexts and im-
plications of their work, which is emphasized through incorporation of design
justice principles in design education—both engineering and non-engineering.
Several recommendations emerge from our work for how to include design
justice principles. Our work develops a methodology for launching design jus-
tice audits as an ongoing process at technology institutions and identifying
needs for institutional support for justice-, ethics-, and equity-minded work
and education. Through these measures, we expand the epistemic scope of
design education to holistically support a more socially minded design educa-
tion centered on equity, justice, and ethics that empowers future designers to
question and consider the societal impacts of technological designs from the
earliest stages of ideation.
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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 prioritizing this content through one-
off lectures on ethics-related topics or short modules on relevant design
justice-adjacent material, such as sustainability. However, most technology-
design focused classes have little to no focus on ethics, equity, nor justice.
This 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 non-engineering departments have a
stronger focus on these topics, they are often 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 small-
est number of students, so the overall reach of this content is very limited. At
technology-focused institutions, these smaller departments often have fewer
resources, less power, and prestige relative to engineering departments, which
further limits their sphere of influence. Some possibilities for pedagogical re-
form may include engineering instructors learning from approaches adopted
by colleagues, partnering with colleagues in other departments to develop
novel cross-departmental course offerings, and urging their engineering stu-
dents to take non-engineering courses as a way of improving their engineering
practice through the development of intellectual breadth.

In addition to analyzing the department courses, we also examined changes be-
tween courses that were taught in both Fall 2019 and Fall 2020. In general,
there were few changes 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 design justice 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 curricula, though this was
done both implicitly and explicitly. Ideally, we would like to see courses consis-
tently engage with design justice explicitly as demonstrated by the exemplars.

It is also important to note that the events of 2020, namely the COVID-19
pandemic 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 facing in 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: as such, we may expect to
see more of the changes described added into 2021 syllabi when many courses
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reverted to the in-person format. Regardless, it is crucial that design justice
paradigms be incorporated into design courses directly, so that students see
them as fundamental 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 with these principles (Cech, 2014). 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 re-
sults demonstrate that traditional engineering departments engaged much
less with design justice than non-engineering 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 nationwide jointly authored a
letter to The Accreditation Board for Engineering and Technology, Inc.
(ABET, 2021) emphasizing the need for implementing a Diversity, Equity,
and Inclusion requirement in engineering curricula (ABET, 2021). Some uni-
versities have already embarked on significant programs of curricular reform.
For example, the University of Michigan has begun incorporating these topics
into their engineering education already to work towards “equity-centered en-
gineering” (Gallimore, 2021). At this institution, the Social and Ethical Re-
sponsibilities of Computing (SERC), has been working towards centering on
social, ethical, and policy considerations in computing pedagogy ((SERC),
2021). In addition to these advancements, there are opportunities and methods
for including design justice in future course offerings—as we’ve seen in our syl-
labus analysis—such as the inclusion of ethics and equity considerations in
courses built around analysis tools and techniques. Courses can also include
curriculum components that investigate and 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 contributions 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 stu-
dents will develop future technologies. Our work here also provides emphasis
on Design Justice that can be translated to corporate and industrial design
projects. The audit we’ve done in this work can be expanded to examining
corporate and industrial design projects, encouraging professional designers
and engineers 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 Justice grounded coursework for design in practice.
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6.1 Limitations

The primary limitation of this work is the exclusive use of syllabi and course
descriptions to assess whether or not courses are including design justice
related content. Additionally, we are limited by our access to materials only
at a single institution and during a short time frame. It is our hope that the syl-
labus audit framework allows others who are embedded in their institutions to
carry out similar audits of the curricula at their universities.

6.2 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 additional ways 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 and disseminated a sur-
vey that allows course instructors to articulate how they incorporate design
justice principles into their courses to build a more complete picture of how
design justice is integrated into pedagogy. We also plan to interview instruc-
tors 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 as well as through accreditation
organizations such as ABET.

In our ongoing work, we have already begun collecting syllabi from other de-
partments and additional years to extend this investigation further. We also
plan to conduct a comprehensive analysis of our 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 specifically (i.e., case studies, section of project, etc.). We have also devel-
oped 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.
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Appendix A. List of Course Description Search Terms

. Justice/Injustice/Just/Unjust
. Ethics/Ethical

. Equity/Inequity/Equitable/Inequitably
. Sustainability

. Climate/climate change

. Community

. Participatory

. Inclusive

. Stakeholder

. Society

. Impact

. Self-determination

. Social Hierarchy

. Oppression

. Colonialism

. Racism

. Capitalism

. Imperialism
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. Patriarchy

. Matrix of Domination
. Intersectionality

. Liberatory/Liberation
. Identity (Group)

. Emancipation

. Other

. None
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Understanding inspiration: Insights into how ™
designers discover inspirational stimuli using
an Al-enabled platform

Elisa Kwon, Vivek Rao and Kosa Goucher-Lambert, Department of
Mechanical Engineering, University of California, Berkeley, USA

Throughout the design process, designers encounter diverse stimuli that influence
their work. This influence is particularly notable during idea generation
processes that are augmented by novel design support tools that assist in
inspiration discovery. However, fundamental questions remain regarding why
and how interactions afforded by these tools impact design behaviors. This work
explores how designers search for inspirational stimuli using an Al-enabled
multi-modal search platform, which supports queries by text and non-text-based
inputs. Student and professional designers completed a think-aloud design
exploration task using this platform to search for stimuli to inspire idea
generation. We identify expertise and search modality as factors influencing
design exploration, including the frequency and framing of searches, and the
evaluation and utility of search results.

© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article
under the CC BY license (http:|/creativecommons.org/licenses/by/4.0]).

Keywords: design tools, design behavior, creativity, protocol analysis, design
inspiration

n design and other creative domains, becoming inspired may be associ-

ated with experiencing a serendipitous encounter. For designers, inspira-

tion is important for assisting with the generation of creative solutions.
One definition of inspiration proposed by Gongalves et al. (2016) references
the role of an external stimulus in altering the creative process by influencing
problem framing or solution generation. Significant effort has been made to
describe and understand inspiration more formally, such as through an explo-
ration of the influence of features of inspirational stimuli on ideation and
design outcomes (e.g., by Chan et al., 2011; Fu et al., 2013b; Goucher-
Lambert, Gyory, Kotovsky, & Cagan, 2020), the cognitive processes underly-
ing designers’ search processes (Gongalves et al., 2013, 2016), and the
methods and systems used to derive and retrieve inspirational stimuli using,

e.g., data-driven techniques (Jiang et al., 2022).
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generation to a design task. Search by novel interaction modalities, including
by non-text-based search inputs, are made available in the developed platform,
which is described in prior work (Kwon et al., 2022). Due to the possibility that
the modes of search presented in our search platform are less familiar, the role
of expertise when engaging with these search inputs is also studied. The aim of
this work is to extend upon knowledge regarding processes employed by de-
signers to search for inspirational stimuli, especially when facilitated by design
support tools using new interaction mediums. Specific research questions guid-
ing this work include the following.

e RQI1: How does input modality in an Al-enabled platform impact search
for inspiration?

e RQ2: How do students and professional designers compare in their search
for inspiration using an Al-enabled platform?

e RQ3: What rationale do designers provide for their evaluation and selection
of inspirational stimuli?

In Figure 1, the approach taken to answer these research questions, RQ1-RQ3,
is presented. First, participants completed a design task using our search plat-
form from which we collected their platform interactions and think-aloud de-
scriptions of their search processes. This experimental data is used to describe
how designers search for inspirational stimuli in terms of search activities, be-
haviors, and pathways, as defined and outlined in Sec. 2.3. The developed
framework is used to code experimental data into search behaviors, including
how searches were defined and how the retrieved results were evaluated and
selected. Search pathways then explore the relationships between search be-
haviors, such as how designers’ selections of platform-retrieved stimuli are
related to their evaluations of the same stimuli. Quantitative comparisons be-
tween search activities, behaviors, and pathways made using the available
search modalities (keyword, part, and workspace, as defined in Sec. 2.1) by
student vs. professional designers are detailed throughout Sec. 3.1, addressing
RQ1 and RQ2. As a final contribution of this work, answering RQ3, rationale
and motivations for following specific pathways are discussed in Sec. 3.2
through select examples. The presented examples demonstrate how the search
platform both accomplishes and influences designers’ search goals. These re-
sults can be helpful for the further development and use of design tools,
including search interfaces, by leveraging insight gained into the cognitive pro-
cesses underlying the search for, evaluation, and selection of inspirational
stimuli.

1 Background

To deepen our understanding of how designers search for inspiration, we
consider three main components influencing this process. First, insights
from past work are reviewed to motivate why designers should be exposed
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to external stimuli during the design process. Second, cognitive processes and
preferences underlying designers’ search for inspiration are explored. Third,
methods to support designers’ search for and retrieval of inspirational stimuli,
including various Al-enabled methods, are reviewed. This background is rele-
vant to the work presented in the current paper, which investigates how de-
signers search for inspirational stimuli when using an Al-enabled multi-
modal search platform.

1.1 Impact of inspirational stimuli on design

Inspiration is discussed in this work as a process where a stimulus influ-
ences the thought process used towards problem framing or solution gen-
eration (Gongalves et al., 2016). Accordingly, inspirational stimuli is used
to describe external stimuli providing inspiration. Inspirational stimuli
play a key role at many points across the design process: Lucero (2012)
found that inspirational stimuli manifested in moodboards helped de-
signers frame, align, abstract, and direct their work across various design
activities. Inspirational stimuli can importantly aid designers by triggering
idea generation and providing an anchor for mental representations of de-
signs (Eckert & Stacey, 2000), but can also negatively lead to design fixa-
tion, where designers unconsciously focus on particular aspects of an
object or task, resulting in limited idea generation (Jansson & Smith,
1991). Across many controlled experiments, the influence of external stim-
uli on design ideation has been studied to identify characteristics that
make them useful or beneficial to designers, while aiming to avoid such
fixation effects.

One significant area of prior work on the role of inspirational stimuli on design
has focused on stimuli promoting analogical reasoning, defined as the process
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where a mapping association is made based on relations between a source and
target (Gentner, 1983). Analogies are one form of external design stimuli sug-
gested to be beneficial for creativity by encouraging new inference formation
and problem construal (Gentner & Markman, 1997). Various features of
analogical stimuli have been investigated, notably analogical distance, refer-
ring to the proximity of domain of the given stimulus to the designer’s current
problem. Far-field stimuli, for example, have been shown to lead to idea nov-
elty (Chan et al., 2011; Goucher-Lambert & Cagan, 2019), compared to near-
field stimuli, which can improve feasibility, relevance, and idea quantity (Chan
et al., 2015; Goucher-Lambert et al., 2019, Goucher-Lambert, Gyory,
Kotovsky, & Cagan, 2020). Fu et al. propose a “sweet spot” of analogical dis-
tance, discounting examples that are “too near” or “too far” to be beneficial to
designers to apply analogical reasoning (Fu et al., 2013b).

Several factors of inspirational stimuli other than analogical distance can also
impact design outcomes. The timing of when the stimulus is presented to the
designer is important: it is more effective to provide once a designer has started
to generate ideas for a design task than before idea generation has begun
(Tseng, Moss, Cagan, & Kotovsky, 2008). The current ideation state of the
designer is also relevant, where stimuli received when the designer is stuck
can help produce more ideas, than when provided at predefined intervals
(Siangliulue et al., 2015). In prior work, the level of detail or concreteness of
the stimulus is another explored feature. Descriptions of design stimuli can
be more general vs. domain-specific (Linsey et al., 2008) or constitute concrete
design examples vs. abstract system properties (Vasconcelos, Cardoso,
Saaksjarvi, Chen, & Crilly, 2017). While concept-level design stimuli (e.g., key-
words extracted from patents) can provide more rapid inspiration, more
comprehensive stimuli (e.g., patent documents) can provide rich engineering
design details (Luo et al., 2021).

The modality in which the stimulus is represented to the designer is also
considered. The impact of visual stimuli compared to physical stimuli (Toh
& Miller, 2014), or in combination with textual stimuli (Borgianni, Rotini,
& Tomassini, 2017; Han et al., 2018; Malaga, 2000), or other images (Hua
et al., 2019), are examples of how representation modalities have been
explored in prior work. Designers are found to tend to prefer visual informa-
tion (Gongalves et al., 2014; Linsey et al., 2011), which can lead to increased
idea novelty (Linsey et al., 2008). When combined with unrelated semantic el-
ements, images can promote creative idea generation (Han et al., 2018), espe-
cially when compared to words presented alone (Malaga, 2000). Sketches
represent one specific form of visual 2D stimuli. Students have been found
to seek and be most influenced by highly resolved sketch stimuli rather than
rough sketches (Wallace et al., 2020). Experts may value sketch stimuli for
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their contextual content, while students value sketch stimuli for their real-life
resemblance and direct connection to the task in question (Cai, Do, &
Zimring, 2010).

Visual stimuli can also be represented in 3D, such as in 3D modelling. When
comparing the use of 2D and 3D stimuli, further differences in designers’
expertise level are found: Gongalves et al. (2014) demonstrated that profes-
sional designers valued 3D object- and 2D image-based stimuli equally for
inspiration, while student designers valued image-based stimuli more than
other modalities. One key factor in motivating this difference is professionals’
valuation of the amount of information object stimuli present to them. Their
valuation of this information is reflected by their work on ‘real’ design solu-
tions as opposed students’ work on conceptual design solutions. Our previous
work presented 3D-model parts to designers as stimuli based on chosen input
modalities and analogical distance parameters (Kwon et al., 2022). In this
work, we found that the modality used to search for inspirational stimuli af-
fects what is discovered and how it is used. The present work extends upon
these results by further examining the role of expertise when using various
search modalities.

The impact of various features of inspirational stimuli on design outcomes are
reviewed to motivate the present study of designers’ search for stimuli to
inspire idea generation. While much is known regarding how inspirational
stimuli can impact the design process, the search behaviors employed by de-
signers, as well as the methods enabling these processes, are less understood.
In the present work, designers’ use of an Al-enabled search platform is inves-
tigated, providing insight into designers’ search for inspiration. The cognitive
processes underlying these behaviors, and the design tools used to support
them, are next reviewed.

12 Cognitive perspectives of search for inspiration

Sio et al. (2015) describe designing as a process of searching for task-relevant
concepts and integrating these concepts into a design solution. Gongalves et al.
(2016) further define the search for inspiration process as initiated by a specific
intention and goal, often expressed by keyword or other search input. To select
keywords to initiate the search process, they discovered that designers search
for closely related terms to the design problem earlier in the task and more
distantly related terms later in the task. These search strategies are supported
by related research on analogical stimuli that suggests the importance of both
analogically near and far stimuli on promoting beneficial design outcomes (Fu
et al., 2013D).
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However, when the goal of a designer is not well defined, how is the search
process initiated? Two search processes are proposed by Gongalves et al.
(2013, 2016): active search, which is an intentional process driven by specific
goals, and passive search involving an accidental, non-deliberate discovery of
relevant inspiration sources. Passive search is attributed to the random dis-
covery of unexpected results, which can provide beneficial sources of inspira-
tion (Gongalves et al., 2016; Herring et al., 2009). Similar to the dichotomy
between active and passive search, information retrieval theory differently
defines lookup vs. exploratory search behaviors (Sutcliffe & Ennis, 1998).
Exploratory search promotes knowledge acquisition and supports evolving
needs, compared to lookup search activities which are used to meet precise
search goals (Marchionini, 2006). Exploratory search is related to the exam-
ination of more results than lookup search (Athukorala et al., 2016). Passive
and exploratory search strategies may be used when task constraints are low.
Biskjaer et al. (2020) investigate the effect of task constraint on inspiration
search strategies, finding that low task constrainedness was associated with
more frequent and divergent search. When searching for inspiration, both
active and passive search strategies are relevant. Designers are expected to
find relevant inspirational stimuli through expressing specific search intent
as well as through passive encounters with inspirational stimuli when search
goals are not as clearly defined or unexpected search results are encountered.
This intentional search for and passive discovery of inspirational stimuli can
be facilitated by design-support tools, such as the search platform presented
in this work and others reviewed in the next section.

13 Design support tools for inspirational stimuli retrieval
The discovery of inspirational stimuli is a process that can be supported by
design support tools, including those that rely on Al. The interactions enabled
by these systems and used by designers are important to consider towards un-
derstanding design behaviors, such as search for information and inspiration.
Different computational and Al-enabled methods and tools have been pro-
posed to provide inspiration to designers through external stimuli, applied
in contexts like biologically inspired design (Vattam, Wiltgen, Helms, Goel,
& Yen, 2011; Goel, Vattam, Wiltgen, & Helms, 2012; Nagel & Stone, 2012;
Sartori et al., 2010), and using sources of designs such as patent databases
(Murphy et al., 2014; Fu et al., 2013a, 2013b) or crowd-sourced solutions
(Goucher-Lambert & Cagan, 2019; Kittur et al., 2019). Different from these
studies, the present work focuses on the search for and retrieval of inspira-
tional design stimuli, rather than on the stimuli provided by these systems.
The use of multi-modal inputs is specifically studied to understand how they
can support inspirational search. Various methods have also been developed
that utilize non-text inputs, such as through image or sketch-based inputs.
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Sketch-based retrieval of visually similar examples can importantly support
visual analogy (Zhang & Jin, 2020, 2021). Image-based search using visual
similarity can also extract relevant examples from sources such as patent
documents (Jiang, Luo, Ruiz-Pava, Hu, & Magee, 2020, 2021). Dream-
Sketch is an example of a sketch-based user interface that provides designers
with 3D-modeled design solutions based on early stage 2D-sketch-based de-
signs (Kazi, Grossman, Cheong, Hashemi, & Fitzmaurice, 2017).
SketchSoup inputs rough sketches and generates new sets of sketches, which
can inspire further concept generation (Arora et al., 2017). 3D-represented
design ideas can be recognized by tools such as the InspireMe interface,
which provides suggestions for new components to add to a designer’s initial
3D model (Chaudhuri & Koltun, 2010). Design support tools that recognize
these inputs can be beneficial since sketching itself is a process that can assist
idea formation (Botella, Zenasni, & Lubart, 2018). In general, interactions
with visual stimuli can help trigger new mental images and thus new ideas
for design (Menezes & Lawson, 20006). By recognizing a designer’s sketch
as it is developing, the system can also provide relevant computational aid
when it is advantageous to the designer during the design process (Do, 2005).

These examples suggest that multi-modal inputs may be used to more effec-
tively recognize the idea or query expressed by a designer, and support the
further search and exploration of the design space. The present work extends
on these examples by directly assessing how these modalities are used to search
for inspirational stimuli. We aim to describe the behaviors that interactions
within these systems represent and to understand the cognitive processes
involved in how designers search.

2 Experimental approach

To support the main aims of this research, we conducted a study facilitated by
the use of a multi-modal search platform to investigate how designers search
for inspirational stimuli. The study was conducted using Zoom, where partic-
ipants’ progress was screen and audio recorded. Screen recordings were used
to capture how participants engaged with the Al-enabled design tool provided.
In this section, the details of the search platform used, participants, and the
design exploration task they completed are described. The methods and
approach taken to analyze the results presented in this paper are also
introduced.

2.1 Al-enabled multi-modal search platform

The design tool, a multi-modal search platform, relies on a deep-learning
approach to efficiently retrieve relevant 3D-model parts based on the user’s
input query. Deep-neural networks are used to model similarities between
various 3D-model parts from the PartNet dataset, consisting of 24 object cat-
egories and 26 671 3D-model assemblies. The platform is extensively described
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in our prior work (Kwon et al., 2022). The search platform supports search for
parts in the dataset using three types of input. The first search type is keyword-
based, where parts with related text labels are returned. The second and third
search types are part-based and workspace-based, where new parts are
retrieved using visual snapshots taken of a selected 3D-model part or the par-
ticipant’s current workspace (composed of 3D-model parts), respectively. In
part and workspace searches, sliders in the user interface also specify how
similar the desired results are from the inputs by visual and functional similar-
ity. For each search made, three parts are retrieved and shown in the user inter-
face. Examples of keyword and part searches and results in the interface are
shown in Figure 2a, b.

The interface also allows three additional actions to further interact with the
retrieved results. Parts can be added to and modified in the user’s 3D work-
space using an ‘Add to Workspace’ button. Workspace-based searches are
made with snapshots of the entire workspace with parts added to the work-
space using this action. Since all results are retrieved from the PartNet dataset,
which contains information on neighboring parts in the same assembly of a
given result, this information may also be viewed using a “View in Context’
button. For a selected part, this action allows further understanding of the
retrieved part’s placement in its original context. Uses of these features for a
keyword search result for “container” are also shown in Figure 2¢, d. Finally,
parts can be added to a gallery of collected 3D parts using an ‘Add to gallery’
button. During the design task, the gallery was available for participants to ac-
cess and select parts from at any point. For any given search made, none to all
actions can be performed, in any order.

Interactions afforded by this platform were investigated in our prior work. Us-
ing this search platform and the same design prompt provided in the present
study (described in Sec. 2.2.2), a controlled experiment was conducted
(n = 21) in which keyword, part, and workspace searches were engaged sepa-
rately in three subtasks (Kwon et al., 2022). Participants were instructed to
conduct a minimum of five searches using each input, and to save a minimum
of three parts to their gallery of parts. The goal of this prior study was to
analyze participants’ interactions in the platform and relate these actions to
strategies involved in searching for inspirational examples. Understanding
how each modality was used and interacted with was the main aim of this
study, instead of how designers may have naturally used them to achieve spe-
cific design outcomes. Distinct outcomes using each search modality were
found, including the most frequent use of the part-based search, but low
engagement with the returned parts (e.g., by viewing related parts in the
same object assemblies or adding them to the 3D workspace). We speculated
that increased part-based search but decreased engagement may have been due
to the task requirement to continue to search until desired results were ob-
tained. Based on these findings, we aim to further understand in the present
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study how each search modality supports designers’ search goals when used
freely in the same task, and to elucidate their intentions and discoveries by
introducing a think-aloud protocol.

2.2 Design exploration task and think-aloud protocol

221 Participants

Participants were recruited for the study via email solicitation among graduate
students at the University of California, Berkeley, and industry professionals.
All participants were required to meet the minimum eligibility of having at
least one year of Computer-Aided Design (CAD) experience. Fifteen partici-
pants volunteered for the study, including eight professionals recruited from
industry and seven students recruited from the university. Self-reported expe-
rience with CAD tools of students (three males, four females) and
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professionals (seven males, one female) is summarized in Table 1. Students
consisted of six Ph.D. students in Mechanical Engineering and one Master
of Design student. Professionals included five designers and three engineers
by job title, across organizations ranging from <10 to >10 000 employees. Par-
ticipants were offered $20 compensation for their participation in the 1-h
study, detailed below. This study was approved by the Institutional Review
Board (IRB) at the University of California, Berkeley.

222 Study objective and instructions

The study objective presented to designers was to use the multi-modal search
platform to search for parts that inspire solutions to the design for “a multi-
compartment disposal unit for household waste”. No additional design re-
quirements or specifications on the relationship between the searched for parts
to the design problem were provided. Participants completed the task in
<30 min., including approx. 15 min. learning how to use the interface through
a guided tutorial embedded in a Qualtrics link accessed at the start of the
study. Participants read descriptions and viewed videos of the interface in
use and followed instructions for completing example searches in the interface.
Instructions for following a think-aloud protocol directed participants to
explain their interactions aloud, with particular attention to: (1) why the spec-
ified search type and input were used before executing a search and (2) whether
the returned result was what was expected, or not, after executing a search.
Based on prior work in which the same task was completed without think-
aloud instructions, these prompts were specified to elucidate motivations
behind previously observed search behavior during the task. Designers were
provided with the suggestion to conduct five of each search type (keyword,
part, and workspace). These guidelines were not strictly enforced during the
task to allow designers to freely use the search types in any order.

23 Analysis of design exploration task and think-aloud data
The main approach taken to analyze results from the design exploration task is
to examine three levels of search: activities, behaviors, and pathways. Further
elaborating on Figure I, the relationships between the task data and these
search levels are summarized in Figure 3. These search levels are defined to un-
derstand designers’ search processes through interactions with the search plat-
form and transcriptions of think-aloud data. Search activities describe how
designers conducted multi-modal searches. Search behaviors are extracted
from both platform interactions and accompanying think-aloud data before
and after executing searches. Search pathways are then used to discuss how
search behaviors are related.

Firstly, search activities are studied, related to the frequency of use of the
multi-modal inputs in the search platform. Task data captured by the search
platform was extracted, including individual button presses to conduct
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Table 1 CAD experience of student and professional designers

CAD experience (years)

Participant type 1-2 3=5 6—9 >10
Students 5 0 2 0
Professionals 0 2 3 3

searches, view parts in context, save parts to the gallery, add parts to the work-
space, and all individual part data. The frequencies of searches made using
each input type are specifically explored in this work.

Secondly, to abstract and classify search behaviors from platform interactions
and think-aloud data, a framework was developed. This framework is an
extension from Gongalves et al.’s description of the inspirational search pro-
cess, which outlines the formulation of search inputs, the (successful or unsuc-
cessful) search for and selection of a stimulus, assessment of its
correspondence to the designer’s expectations, and finally the designer’s choice
to incorporate and adapt the stimulus to the problem at hand (2013). In the
present work, the behaviors identified include: how designers defined searches
(whether new or continued searches for results were made), evaluated search
results (whether results were expected or unexpected), and selected search re-
sults (whether results were accepted or rejected from their design). This frame-
work is further detailed in Table 2. For each behavior (search definition,
evaluation, and selection), two possible levels were assigned by following the
listed criteria, shown in Table 2. Representative examples of quotes from
the think-aloud data associated with each search behavior are also provided.

Two coders, each with at least three years of postgraduate design research
experience, assessed the data using the framework. Coder 1 manually tran-
scribed think-aloud data from screen and audio recordings of the design
task sessions. Coder 1 identified user interaction behavior and think-aloud
quotations pertaining to the three defined behaviors (definitions, evaluations,
selections). A total of 235 search actions were identified, an average of 15.7
searches per participant. To validate the framework, Coders 1 and 2 indepen-
dently applied framework codes to 15% of the dataset. A minimum of 84%
interrater reliability for search definition codes was determined using percent-
age agreement, and 0.69 using Cohen’s Kappa, indicating substantial agree-
ment (Stemler, 2004). This suggests that the developed coding framework
was relatively consistent across coders.

However, exceptions emerged to the defined criteria when codes for search def-
initions and evaluations were assigned. An example of an exception to the
defined criteria is when a ‘new search’ followed a ‘rejected’ outcome, e.g.,
when a participant made a new search for a “lid” without accepting results
for their previous search for a “handle”. Based on the criteria defined, this
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Table 2 Search behavior framework: Classification scheme for search behaviors from task and think-aloud data

Behavior: Description

Classification criteria

Representative example of associated
quote

Search Definition

New: Beginning of a new
search for a result
Continuing: Continuation of a
search for a result

Follows an ‘accept’ outcome of a
previous search (see below)

Follows a ‘reject’ outcome of a previous
search (see below)

“I want to see a disposal unit” (P8)

“Maybe instead of cylinder, some kind of
rectangular cube” (P7)

Search Evaluation

Expected: Results match
designer’s expectation

Unexpected: Results do not
match designer’s expectation

Explicit acknowledgement that the
result is what was searched for or
preceding an ‘accept’ outcome, if no
accompanying verbal statement
Explicit acknowledgement that the
result is not what was searched for/is
unexpected or preceding a ‘reject’
outcome, if no accompanying verbal
statement

“Yes, I like these features. This is
providing what I'm looking for” (PI10)

“This is not what I was expecting - I was
expecting to see more lids, whereas these
are table tops” (P4)

Search Selection

Accept: Results are accepted
by designer

Reject: Results are rejected by
designer

Result is added to the designer’s
developing design in the 3D workspace
or saved to their gallery of parts
Result is not added to the designer’s
developing design in the 3D workspace
or saved to their gallery of parts.
Designer continues to search again.

“This is a shape that could possibly be
used in my design. So I'm going to add it
to my gallery.” (PI12)

“This is not what I was thinking, but this
is a trashcan, for sure.” [makes
continued search] “I'm maybe more
looking for a cabinet” (P5)
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search should be labelled as a continuation of a prior search, but is clearly indi-
cated by the designer to be a new search for a different part. By identifying
these characteristics of designers’ search behavior, the relationships between
what designers search for and what they actually find useful can be explored.
Coder 1 coded the entire dataset accounting for these exceptions.

Linking related search behaviors, search pathways are the third level of search
explored in the present analysis. For a given search, designers follow pathways
between defining and evaluating searches and evaluating and selecting parts to
incorporate into designs. Illustrative examples from the study of various
search pathways can be found in Table 3. Investigating the link between search
definitions and evaluations can help uncover if designers have different expec-
tations regarding search results they have repeatedly searched for, or are
searching for, for the first time. By studying search evaluation—selection path-
ways, the influence of encountering unexpected search results on stimuli selec-
tion can be examined. Designers may be inspired positively or become
negatively fixated on parts they are originally intending to find. These path-
ways are studied since stimuli selection is known to depend upon how a search
is defined and the goal associated with the search (Gongalves et al., 2016).

3 Results

Following the analysis approach introduced, results detailing participants’
search activities, behaviors, and pathways are presented and discussed in
this section. In Sec. 3.1, quantitative analyses of each level of search are con-
ducted to examine differences between searches made using keyword, part, and
workspace inputs and made by students and professionals, addressing RQ1
and RQ2, respectively. Search activities describe how designers used the
different search modalities in the platform in terms of frequencies of use. Using
the classification scheme established in Table 2, search behaviors are investi-
gated. Search pathways provide further insight into the relationship between
search behaviors, linking search definitions with evaluations, and evaluations
with selections. Finally, in Sec. 3.2 an exploration of various search pathways
is also made to address RQ3, revealing insights into the rationale designers ex-
press for defining, evaluating, and selecting inspirational stimuli.

3.1 Quantitative analyses of search activities, behaviors, and
pathways

3.1.1 Search activities: designers’ use of keyword, part, and
workspace searches

The frequency of use of each search modality (keyword, part, workspace) by
designers of each level of expertise (student, professional) are first compared.
A Poisson regression model, which is used to model count variables, was
selected to analyze these differences. A mixed effects model was constructed
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Table 3 Illustrative examples of search pathways linking search behaviors

#

Search pathway

Group Type Associated quote/action

1

New — Unexpected

Expected — Rejected

Expected — Rejected

Student Workspace “I can search for something like. I can use the current
workspace ... maybe 50% appearance and full
Sfunctionality to find some other stuff. These are all
irrelevant”

Professional Part “Ahh, yes that’s good, I'm seeing kind of like very close
matches ... I'm going to keep playing around with sliders
till I get something closer”

Student Keyword “I'm going to look for a ‘lid’ ... Ok, yes, 'm looking for
something like this, something square and flat ... I want it
to be flat and cover [the bin] completely.” [Searches
again]

Unexpected — Accepted  Student Workspace “I'm looking for something similar to this waste bin so

that it can look for the top of the waste bin ... Well that’s
kind of funny” [referring to wheel results]. “Now we can
add wheels to this and make it mobile, which is good!”

using R in RStudio, leveraging the Ime4 package to incorporate both fixed
(modality, expertise) and random (participant) effects using Laplace Approx-
imation. The model predicts the effects of modality and expertise on the log of
frequency of searches made by participants using each search type (N =45, 15
participants x 3 modalities). Results of the Poisson regression are summarized
in Table 4.

Model estimates (8) define the change in the log of frequency associated with
each predictor compared to the specified reference (i.e., part or workspace
search compared to keyword search and student compared to professional
designer). To analogously describe the change in expected search frequency
(rather than the change in log of frequency) given the predictor compared to
the reference, incidence rate ratios with 95% confidence intervals are also re-
ported. In the context of Poisson regression models, incidence rate ratios are
equivalent to e®. The average number of searches made by student (blue)
and professional (red) designers using keyword, part, and workspace searches
are visually presented in Figure 4.

R1.1. Search activities: most searches are made by keyword. The first compar-
ison made between designers’ use of keyword, part, and workspace inputs
when searching is in the frequencies of searches conducted using each search
type. Significant differences were found in the expected frequency of searches
made using part and workspace, compared to keyword searches. Search fre-
quencies for part and workspace searches are 0.39 (p < 0.001) and 0.19
(p < 0.001) times the search frequency of keyword searches, respectively.
Workspace searches represent the most comparatively novel feature offered
by the tool, while keyword searches are likely the most familiar input to de-
signers. These results present an important consideration in the design of
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Table 4 Poisson regression model predicting search frequency using each modality (n = 45)

Outcome variable Predictor Level B8 p Incidence rate ratio (¢°) 95% C.1.
Search frequency Modality Keyword (Ref) (Ref) (Ref) (Ref)
Part —0.94 <0.001 0.39 (0.29, 0.52)
Workspace -1.7 <0.001 0.19 (0.12, 0.28)
Expertise Professional (Ref) (Ref) (Ref) (Ref)
Student 0.15 0.40 1.16 (0.80, 1.7)

multi-modal inspirational search tools for engineering design: designers,
regardless of experience level, more readily use familiar search modalities in
their search process.

R1.2. Search activities: Professionals and students do not differ by frequency of
search type use. No significant difference was found between participant
groups in the frequencies of searches made (8 = —0.15, p = 0.40). Student
and professional designers therefore do not appear to differ in the modality
of search for inspiration they engage when using the multi-modal platform.
Adding to Result R1.1, both students and professionals used keyword searches
the most and workspace searches the least.

3 1.2 Search behaviors: designers’ definition, evaluation, and
selection of search results

The second level of search examined are behaviors, including how designers
define searches and evaluate and select search results. The average proportions
across participants of search behavior outcomes made using keyword, part, or
workspace searches and by professional or student designers are summarized
in Table 5.

To determine the impacts of search modality and designer expertise on
search behavior outcomes, mixed effects binary logistic regression models
are used. Three models were constructed to demonstrate whether modality
and expertise are significant predictors for whether a search was new (vs.
continuing), and its result was evaluated as expected (vs. unexpected) and
accepted (vs. rejected). Mixed effects logistic regression models were also
constructed in R using the Ime4 package in RStudio, and incorporated
both fixed (modality, expertise) and random (participant) effects using Lap-
lace Approximation.

The results from each regression model are summarized in Table 6, where
search definitions (as new), evaluations (as expected), and selections (as
accepted) are analyzed as separate outcome variables. Model estimates (3),
significance values (p), odds ratios (¢) and their corresponding 95% confi-
dence intervals are reported in Table 6. Estimates for modality are in reference
to keyword searches, and for expertise in reference to professionals. Findings
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Figure 4 Average (per person) frequency of search type use: Comparison between search types (keyword,

part, workspace) and participant groups (professionals (n = 8), students (n =7))

across these models are discussed further in this subsection in terms of search
modality and designer expertise, separately. To aid with the interpretation of
these results, Figure 5 visualizes the odds ratios of each estimate compared to
the indicated references for selection and evaluation outcomes. Odds
ratios < 1 with confidence intervals that do not cross odds = 1 represent
that the predictor is significantly less likely than the reference to result in the
behavior. Odds ratios > 1 would indicate that the predictor is more likely to
result in the behavior than the reference.

R2.1. More keyword search results are expected and accepted. Considering the
impact of search modality on the generation of new vs. continued searches, no
significant differences between keyword and part or workspace searches were
found. Designers are known to rely on “random active search processes” to
discover inspiring stimuli when they have a search intention, but do not
have a keyword in mind to conduct the search (Gongalves et al., 2016). De-
signers’ use of part and workspace inputs to formulate new searches demon-
strates that these modalities may help achieve the gap between intentional
search and uncertainty of what to search for.

However, workspace searches are significantly less likely by 0.25 times than
keyword searches to result in an expected evaluation (p = 0.015). In other
words, workspace search results are 4 times more likely be unexpected than
keyword search results. In total, 156/235 (66.4%) searches retrieved results
that were identified as unexpected. As shown in Table 5, this high proportion
of unexpected search results is disproportionately true for searches made with
workspace inputs (24/28, 85.7%) in comparison to keyword searches (91/149,
61.1%). This finding may reflect that designers did not know what to expect
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Table 5 Average proportions (%) of search behaviors across search types and participant groups

Search types Participant group

Search behavior Keyword Part Workspace Professional Student
Definition New 40.94% 32.76% 53.57% 45.30% 35.59%

Continuing 59.06% 67.24% 46.43% 54.70% 64.41%
Evaluation Expected 38.93% 29.31% 14.29% 40.17% 27.12%

Unexpected 61.07% 70.69% 85.71% 59.83% 72.88%
Selection Accept 40.94% 25.86% 35.71% 43.59% 29.6%

Reject 59.06% 74.14% 64.29% 56.41% 70.34%

when engaging workspace searches. One student designer noted: “If I want the
same functionality in the entire workspace in one part, I don’t quite know what
that means in this context”. This example can help to explain results in
Figure 4, and why workspace searches were less frequently used: designers
often had different expectations of what such searches would yield, than
what was actually returned. Beyond the designer’s ability to interpret these re-
sults, also reflected is the computational difficulty of retrieving relevant and ex-
pected parts using visual and functional features. This suggests the need for
further work to improve the effectiveness of this search modality to better
meet designers’ expectations.

A significant difference in the acceptance of part and keyword searches was
found, where part searches were 0.49 times less likely to be accepted
(» = 0.041). On average, designers accepted results from only 25.7% of part
searches, while 40.9% of keywords search results and 35.71% of workspace
search results were accepted (Table 5). This low likelihood of acceptance cor-
responds to insights from our prior study, as described in Sec. 2.1, where part

Table 6 Binary logistic regression models predicting search behavior outcomes (n = 235)

Outcome variable Predictor Level B8 p Odds ratio (°) 95% C.1I.
Definition: Modality  Keyword (Ref) (Ref) (Ref) (Ref)
New = 1, Continued = 0 Part —0.36 0.27 0.70 (0.36, 1.3)
Workspace 0.50 0.23 1.64 (0.73, 3.8)
Expertise  Professional ~ (Ref) (Ref) (Ref) (Ref)
Student —0.40 0.14 0.67 (0.39, 1.1)
Evaluation: Modality  Keyword (Ref) (Ref) (Ref) (Ref)
Expected = 1, Unexpected = 0 Part —0.49 0.17 0.61 (0.30, 1.2)
Workspace —-14 0.015 0.25 (0.068, 0.69)
Expertise ~ Professional  (Ref) (Ref) (Ref) (Ref)
Student —0.63  0.044 0.53 (0.27, 1.0)
Selection: Modality  Keyword (Ref) (Ref) (Ref) (Ref)
Accepted = 1, Rejected = 0 Part —-0.71  0.041 0.49 (0.24, 0.96)
Workspace —0.26 0.56 0.77 (0.32, 1.8)
Expertise  Professional ~ (Ref) (Ref) (Ref) (Ref)
Student —0.62  0.025 0.54 (0.31, 0.92)
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Figure 5 Odds ratios with 95% confidence intervals for predictors of evaluation and selection outcomes. Odds

are computed with respect to the indicated reference

searches were most frequently used. Participants may have conducted many
part searches because they did not immediately find desirable results, prompt-
ing further search.

R2.2. Students exhibit narrower search behaviors than professionals. The impact
of expertise on the definition of searches was not found to be significant, but
professionals and students did differ by how searches were evaluated and
selected. Students, when compared to professionals, were 0.53 (p = 0.044)
times less likely to evaluate results as expected, and were 0.54 (p = 0.025) times
less likely to accept parts into their final designs. These behaviors can be linked
broadly to narrower search processes and design fixation, where instead of
fixating on aspects of an external solution, an adherence to their initial ideas
and internally imagined parts may occur.

3.1.3 Search pathways: linking prior behaviors with
subsequenl outcomes

The relationship between search behaviors is further analyzed through search
pathways. A similar approach as used in Sec. 3.1.1 and 3.1.2 is used to deter-
mine how modality and expertise influences pathway outcomes, such as how
new vs. continued searches were evaluated and how expected vs. unexpected
were selected. Additional mixed effects binary logistic regression models
were constructed to model whether modality and expertise differently predict
how new (N = 95) and continued (N = 140) searches were evaluated and ex-
pected (N = 79) and unexpected (N = 156) search results were selected. Across
these four models, modality and expertise are only found to significantly
impact the evaluation of new searches. Results of the model predicting the
evaluation of new searches are summarized in Table 7. Observations regarding
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all definition-evaluation and evaluation—selection pathways are discussed
further in this subsection.

R3.1 Search modality impacts the evaluation of new searches. The relationship
between search behaviors is analyzed through search pathways related to
searches made with keyword, part, and workspace inputs. As represented in
Sankey diagrams shown in Figure 6, (A) definition-evaluation and (B)
evaluation—selection pathways are displayed. These diagrams visually depict
the average number of searches made in each pathway per designer. Associ-
ated pathway frequencies combined across all participants are shown in
Table 8.

Differences between the evaluation of new vs. continued keyword, part, and
workspace searches are shown in Figure 6a. New workspace compared to
keyword searches were 0.91 times less likely to be evaluated as expected
(p = 0.028). This finding is driven by the observation that only one new work-
space search was evaluated as expected (Table 8). By contrast, a higher pro-
portion of new keyword (26/61 = 42.6%) and part (7/26 = 26.9%) searches
were evaluated as expected. As stated previously (R2.1), more workspace
than keyword searches were evaluated as unexpected, across designers,
possibly attributable to the limitations in the system’s ability to retrieve ex-
pected results and the designer’s ability to anticipate and understand how
the system is conducting non-text-based searches.

Using workspace searches without having a clearly defined search goal may in-
fluence why the results are then evaluated as irrelevant. For instance, Example
1 in Table 3 presents an example of a new workspace search made with a
vaguely expressed intent. In addition to highlighting limitations of the system
discussed previously, these findings suggest that for non-text searches to be
more aligned with designer expectations, further support, curation, or instruc-
tion may be necessary. This is an important result for the design of future
inspirational search systems, which may leverage diverse media beyond text
for queries. To understand how to encourage designers to evaluate more Al-
provided results as expected and acceptable, designer rationale for following
these pathways are explored in Sec. 3.2.

Once a search is made and the returned parts are evaluated as expected or un-
expected, results may then either be accepted (incorporated into the partici-
pant’s current design) or rejected. No significant differences were found
between workspace and part searches compared to keyword searches in the
evaluation of expected or unexpected results. While modality was found to
affect how designers evaluate search results, it does not appear to affect how
the expected results are then selected. In other words, if a search result was ex-
pected or unexpected, whether the search was made using a keyword, part, or
workspace search did not significantly influence designers’ acceptance or
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Table 7 Binary logistic regression model predicting evaluation of new searches (n = 95)

Outcome variable Predictor Level B8 p Odds ratio (e®) 95% C.I.
Evaluation: Modality  Keyword (Ref)  (Ref) (Ref) (Ref)
Expected = 1, Unexpected = 0 Part —0.14 0.81 0.87 (0.28, 2.6)
Workspace —24  0.028 0.094 (0.005, 0.53)
Expertise  Professional ~ (Ref) (Ref) (Ref) (Ref)
Student —-1.0  0.033 0.37 (0.14, 0.90)

® New Search xpected

Expected Accept
Keyword

Keyword

Part
Unexpected Reject

Workspace | Workspace |

Figure 6 Search pathways compared across keyword (green), part (yellow), and workspace (orange) searches linking (a) definition and eval-

uation behaviors and (b) evaluation and selection behaviors.

Table 8 Summary of search pathways made using keyword, part, and workspace search inputs

Search behavior Search type Total
Definition Evaluation Keyword Part Workspace # of searches
New Expected 26 7 1 34
Unexpected 35 12 14 61
Continuing Expected 32 10 3 45
Unexpected 56 29 10 95
Evaluation Selection Keyword Part Workspace # of searches
Expected Accept 50 11 4 65
Reject 8 6 0 14
Unexpected Accept 11 4 6 21
Reject 80 37 18 135

rejection of results. The relative proportions of expected and unexpected
keyword, part, and workspace searches that are accepted and rejected are
shown in Figure 6b.

More surprisingly, two additional evaluation—selection pathways are notable.
A small proportion of searches made with each search input that are expected
are rejected, and that are unexpected are accepted. Table 8 shows that, across
all participants, 8/58 (13.8%) keyword and 6/17 (35.3%) part search results
evaluated as expected were rejected. Examples 2 and 3 in Table 3 illustrate
these behaviors, where designers reference looking for a closer match than
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what has already been found. Expected search results may encourage designers
to search further, as they may consider themselves ‘on the right track’. The use
of slider repositioning when defining part and workspace searches can further
aid this process. Another less explored and less intuitive pathway is the accep-
tance of unexpected stimuli, including 11/91 (12.1%) keyword, 4/37 (10.8%)
part, and 6/24 (25.0%) workspace search results. Example 4 in Table 3 shows
how a result from a workspace search that does not match the designer’s orig-
inal intention can be nonetheless useful for, e.g., introducing a design feature
such as wheels to add mobility to a waste bin. These findings suggest that
cognitive behaviors exist when searching that challenge designers’ fixation
on a given objective, and are explored further in Sec. 3.2.

R3.2 Expertise impacts the evaluation of new searches. Next, comparing defini-
tion evaluation pathways followed by students and professionals, the Sankey
diagram in Figure 7a represents the average number of searches made in each
pathway per designer in each group. Corresponding pathway frequencies are
summarized in Table 9. The binary logistic regression model for new searches
demonstrated that new searches made by students compared to professionals
were 0.63 times less likely to be evaluated as expected (p = 0.033). Figure 7a
emphasizes that professionals find more new searches provide expected results
than students. On average per participant, professionals evaluated 3.0 new
searches as expected, compared to 1.4 by students (see Table 9). Expressed
differently, professionals evaluate, on average, 45.3% of new searches as ex-
pected, compared to 23.8% by students. No significant results are found
regarding the evaluation of continuing searches.

While professionals and students do differ by the proportion of searches that
are evaluated as expected and accepted (Result R2.2), their selection of ex-
pected and unexpected search results do not differ significantly. These relative
frequencies of pathways can be compared visually in Figure 7b. Intuitively,
across participants, a high proportion of results that are evaluated as expected
are accepted, and unexpected results are rejected. For professionals, 41.0% of
searches are evaluated as expected, 80.9% of which are accepted. Students
evaluate fewer searches as expected (27.1%), but accept a relatively high pro-
portion of these results (84.4%). Both professionals and students reject a
similar percentage of searches evaluated as unexpected (81.4% and 90.7%,
respectively). Therefore, although students and professionals exhibit different
search evaluation and selection behaviors, they similarly evaluate expected
and unexpected search results.

As noted when comparing evaluation—selection pathways across search mo-
dalities, both students and professionals also reject expected results and accept
unexpected results. Only a small proportion of searches made by both partic-
ipant groups are represented in these pathways. To understand why unex-
pected results may be accepted, examples are presented in Sec. 3.2 to
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Figure 7 Search pathways compared across professionals (ved) and students (blue) linking (a) definition and evaluation behaviors and (b)

evaluation and selection behaviors. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version

of this article.).

Table 9 Summary of search pathways by professional and student designers

Search behavior Participant group Total
Definition Evaluation Professional (n=38) Student (n=7) # of searches
New Expected 24 10 34
Unexpected 29 32 61
Continuing Expected 23 22 45
Unexpected 41 54 95
Evaluation Selection Professional (n =38) Student (n=7) # of searches
Expected Accept 38 27 65
Reject 9 5 14
Unexpected Accept 13 8 21
Reject 57 78 135

uncover rationale for following this particular pathway. This pathway, in
addition to the evaluation of new search results as expected, represent desir-
able behaviors to better understand and encourage regarding the use of design
support tools.

3.2 Designer rationale motivating search pathway outcomes
Finally, to gain further insight into specific search pathways followed by de-
signers, the rationale provided for their evaluation and selection of search re-
sults are explored. To identify rationale, a mixed-methods approach is used
where quantitative analyses of interaction and think-aloud data first enabled
the isolation of individual search pathways, as fully described in Sec. 3.1.3.
Qualitative insights from think-aloud data are now used to describe rationale
underlying three search pathways. Two pathways with desirable outcomes are
considered: when search results from a new search are evaluated as expected
and when unexpected search results are accepted. Both pathways represent
less explored, but desirable outcomes from interacting with the search plat-
form. A third pathway is discussed, constituting a more frequent, but poten-
tially less desirable outcome: the rejection of unexpected results.
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3.2.1 New search results that meet designers’ expectations
The first pathway of interest involves a new search for a part, for which the
system retrieves results that the designer evaluates as expected. This pathway
constitutes 34/235 of all searches, across participant groups and search modal-
ities (see Tables 8 and 9). Examples to characterize this pathway are presented
to understand why some searches lead to parts that do or do not match expec-
tations to an initial search goal. We propose that both the platform’s perfor-
mance as well as the designer’s ability to adapt their expectations to the
presented stimuli are key factors enabling this process.

R4.1.1. Evaluation influenced by perception of platform performance. The first
way that designers acknowledged that the search results retrieved by the plat-
form matched their expectations was to refer to the search itself as good (e.g.,
“I think the search is good” or “it kind of works”), which can be linked to an
assessment of the platform’s performance. By contrast, their evaluation could
be motivated by an assessment of the specific results returned, which might be
“the kind of thing I was looking for”, be something they liked (e.g., “Oh, there’s
a lamp shade I like”), or have particular desirable features such as the shape or
size. The ‘goodness’ of parts can also be attributable to features of the design
problem or the designer’s current idea, such as a part being able to fit inside a
kitchen counter, referencing the household context of the design prompt.
These examples demonstrate how designers expressed their evaluation of
search results as matching their expectations using rationale around platform
performance and specific features and relevance of results.

R4.1.2. Designers may adapt expectations to search results. Another way that
designers evaluated search results as matching their expectations was to first
adapt their initial expectations to the parts returned, which may have appeared
in a different form or context than originally searched for. This scenario differs
from the evaluation of a result as unexpected, which would involve a search
outcome that was incorrect, according to the designer’s expectations (e.g., a
flat tabletop instead of a rectangular can). Instead, these examples demon-
strate scenarios where the retrieved part was ‘correct’ and the designer could
understand why it was returned, but also identified unsuitable or irrelevant
features. This pathway is explored to understand how designers rationalized
overcoming these features to apply the retrieved results to their current design
context. To represent this scenario with an example, two different participants
conducted a new search by keyword for a “hinge”, for which various hinges
were returned. After one participant (P15) initially identified “these are hinges
for these doors on the cabinets”, they adapted their expectations for a more con-
textually relevant hinge (e.g., attaching a lid to a container) to conclude “I'm
guessing that would work”. Similarly, another participant (P4) verified “this is a
hinge”, but then noted “it’s quite small ... it’s more of a cabinet hinge”, before
conceding that they would “take it”. In a third example, a result from the
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search term “trashcan” retrieved something that “might be a bit large for a
household” but that the participant (P3) could still “probably work with”.
Across these examples, even though the parts were what they expected (i.e.,
a hinge part returned for the search for “hinge”), specific features such as
the size and original context of the part presented initial barriers to their accep-
tance. However, these examples demonstrate that designers are importantly
able to overcome this initial fixation and adapt their expectations.

322 Designers’ acceptance of unexpected stimuli

The second pathway for which we explore designer rationale is the selection of
unexpected inspirational stimuli, corresponding to 21/235 of all searches. As
we showcase through qualitative insights from the following examples, there
is an opportunity for unexpected stimuli to introduce exciting and beneficial
design features during ideation. Several reasons for accepting an unexpected
result were found including: (1) it introduced a desirable, but unanticipated
design feature, (2) it fulfilled a searched for purpose, in a different way, and
(3) the designer satisfied for a result, even though it did not meet their
expectations.

R4.2.1. Unexpected stimuli introduce potentially desirable features. The first
way designers expressed rationale for selecting an unexpected result retrieved
by the search platform was that it introduced a desirable, but previously unan-
ticipated feature to their concept. In two cases, designers were inspired to add
wheels to their designs, though this is not what they initially sought from their
search. Participant P8, looking for different forms of containers through a
part-based search with high functional similarity and low appearance similar-
ity to a container lid, received parts including the set of wheels shown in
Figure 8a. These were returned by the search tool because lids and wheels
are visually dissimilar but share a common functional context in object assem-
blies including containers. Discovering the wheels, participant P8 noted: “Well
now that I see it, I think it may be a good idea to have the unit movable, so I think
castors would be something useful”. The resulting influence on their design can
be seen in Figure 8b, displaying that the wheels were subsequently added to the
base of their disposal unit.

In a second instance, participant P7, when looking for “something similar to
this drawer” using a workspace-based search, was returned chair wheels
(Figure 9a). The search tool, recognizing visual similarity of the drawer to
the seat in the chair assembly, returned chair wheels due to their shared context
with the seat. After first remarking, “well that’s kind of funny”, the chair wheels
were added to their design (Figure 9b) after acknowledging, similar to P8:
“Now we can add wheels to this and make it mobile, which is good!”
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In both examples, retrieved wheels introduced an unanticipated feature to
their designs, i.e., mobility. In the first example, wheels from an analogically
“near-field” (as defined by Fu et al. (2013b)) object assembly (a different
kind of container) were added, which may represent a more obvious transfer
of unexpected stimuli to the design. The second example is striking as it dem-
onstrates how even unintentional stimuli from a “far-field” domain (a chair)
can be effectively applied towards introducing a desirable, but unanticipated
feature to the design. The use of contextually unrelated stimuli is also relevant
to the next rationale discussed.

R4.2.2. Unexpected stimuli differently fulfill the same searched for purpose.
The second rationale designers provided for using an unexpected stimulus
was that it fulfilled the same purpose originally intended, but in a different
way. Participant P4, upon retrieving three tabletop results (e.g., Figure 10a)
when searching for a lid to place on a rectangular trashcan found that “None-
theless, it’s actually fitting what I'm looking for exactly”. In this example,
although the object did not match what was searched for, its visual form suited
the designer’s needs for a cover they could scale to the size of their trashcan. In
a similar example, Participant P7 searched for a “can” and was given a round
base of a candle holder, as shown in Figure 10b. While expressing that this is
not what they were looking for, and that it was at the incorrect scale, they also
stated, “This one is maybe promising, I can maybe make it bigger ... this looks
like it has an opening”. Despite the size of the result, an acknowledged ability to
scale it to the correct size made it useable to the designer. Finally, when look-
ing for cylindrical shapes, Participant P14 was returned a chair seat (e.g.,
Figure 10c). This result was identified as being potentially useful because reor-
ientation could be used such that, “worst case, I can flip it ... if I don’t find any-
thing, I can work with this shape which is resembling something that I might be
looking for.” Object transformations, including rescaling and reorientation,
were thus identified as methods enabling the use of unexpected parts to fulfill
designers’ intended purposes.

R4.2.3. Designers satisfied for unexpected stimuli. A final reason designers ex-
pressed for accepting unexpected stimuli was as a result of satisficing for a
part. Two distinct scenarios were observed: in the first, designers’ search re-
sults included previously rejected parts. Encountering these may have
strengthened the belief that a more relevant match did not exist in the data-
base. Secondly, even when acknowledging that a result is “not quite what I
was looking for” (P15), the result was accepted. These examples suggest that
designers can tolerate an acceptable threshold of accuracy when using
inspiration-retrieval tools.
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Figure 8 Example of unexpected results introducing an unanticipated desirable feature (P8): (a) Unexpected wheel results returned by search

platform and (b) addition of part to P8’s design

®

Figure 9 Example of unexpected results introducing an unanticipated desirable feature (P7): (a) Unexpected wheel results returned by search

platform and (b) addition of part to P7’s design

323 Designers’ rejection of unexpected results

The most frequent pathway designers followed was the rejection of unexpected
search results, accounting for 134/235 searches. While beneficial outcomes of
unexpected stimuli were observed, it is desirable for more results to meet ex-
pectations and be accepted, and thus important to uncover rationale for this
pathway. Of these searches, 59 results were not evaluated with accompanying
verbal data, but classified as unexpected if results were then rejected (as defined
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Figure 10 Examples of unexpected results that fulfill purposes of intentionally searched for parts: (a) Tabletop scaled down to fit top of trashcan

(b) Candle holder base scaled up to serve as can, and (¢) Chair seat reoriented to container

in Table 2). Of the remaining 75 searches, designers stated or described why the
results did not meet expectations before not engaging with results further.
When describing why results were unexpected and then rejected, two main rea-
sons emerged, which can help improve Al-based support systems.

R4.3.1. Designers anticipated specific results in mind. Designers provided ratio-
nale for their evaluation of results as unexpected and rejection of results by
indicating that their initial intention was not met. Most results were evaluated
as not meeting the specific intention of the designer by being either “wrong” or
“close”, both prompting additional searches. In one notable example, when
searching by keyword for a “trashcan”, participant P5 stated “Ok, it’s not
what I was thinking, but that is a trashcan, for sure”. Thus, even if the search
provided a correct outcome, if a designer’s goal is specific in their mind, results
may still be rejected. This specificity of imagined results may influence the se-
lection of results since, accounting for Result R4.2.3, designers were also
observed to satisfice for and accept less desirable results.

R4.3.2. Limitations of platform and its expected use. While expectedness of re-
sults could be attributed to good platform performance (Result R4.1.1), unex-
pectedness could result from not understanding how the platform operates.
Participant P8, for example, stated “I can’t really figure out how this is function-
ally similar or how the software determines that” or for a different search, “I'm
trying to figure out why that might have happened”. Evaluation of retrieved re-
sults is connected to understanding how the platform functions and can impact
how the examples provided are perceived and used. This finding is especially
relevant when engaging with novel Al-based systems, which may not be
familiar to users. Other reasons expressed by the designers in our study refer
to specific features and limitations of the platform used, which may not be
as generalizable. These include the platform’s tendency to retrieve the same
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results multiple times (when previously rejected) or the missing support for
general shapes and forms as opposed to specific objects.

4 Discussion

This paper investigates how designers search for inspirational stimuli when us-
ing an Al-enabled multi-modal search platform. In the design exploration task
conducted, participants with either novice (graduate students) or expert
(working professionals) levels of design experience searched for 3D-model
parts using three modalities of search to inspire solutions to a given design
challenge. By eliciting think-aloud descriptions of their interactions with the
search platform, further insight into their definition, evaluation, and selection
of the retrieved stimuli, and the rationale underlying these behaviors, are stud-
ied. Revisiting the research questions initially posed to introduce the aims of
the present work, the main contributions made are summarized and discussed
in this section.

4.1 Search input modalities result in different search
outcomes

The first comparison made in this work is of the use of different search modal-
ities to support search activities, behaviors, and pathways. Search activity was
found to differ across designers, where keyword search was associated with
significantly higher frequency than part and workspace searches. Differences
in how designers evaluated search results can help explain the lower frequency
of workspace searches made: across designers, workspace compared to
keyword searches had a higher likelihood of being evaluated as unexpected.
This difference can be ascribed to limitations in the search platform in recog-
nizing the designer’s search intent, as well as the designer’s ability to define and
expect what they were looking for when using a less intuitive search modality.
In early observations about example or image-based search, Hearst (2009)
identified a limitation in the searcher being required to know about the visual
properties of the image searched for, which can limit search for new images.
Similarly, searching with workspace inputs that rely on appearance similarity
measures may produce results that are difficult to anticipate.

Through an examination of search pathways, we further demonstrate how the
evaluation of workspace search results as unexpected is especially true for new
searches. When continuing to search for a desired part, the same effect of mo-
dality on evaluation of results was not observed, such that neither continuing
part nor workspace searches were significantly more likely to be unexpected.
Continuing a search with any input may be useful during search. Sarkar and
Chakrabarti discuss how stimuli referred to as “triggers” can influence de-
signers’ search of the solution space (Sarkar & Chakrabarti, 2008). Refer-
encing O’Day and Jeffries (O’Day & Jeffries, 1993), one trigger that may
motivate a switch in search strategy is the encounter with something that
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introduces a new way of thinking about the problem at hand Continued search
using any input can facilitate encounters with stimuli that “trigger” new
searches.

4.2 Expertise impacts designers’ search for inspirational
stimuli

Secondly, we examined how expertise level may influence how designers
search. While professionals and students were not found to differ by search ac-
tivity, i.e., the frequency of use of keyword, part, and workspace searches, they
did differ by search behaviors followed. Expertise is suggested not to affect
how often search modalities are used, but how search results are evaluated
and selected. Notably, students were found to be more likely to evaluate re-
sults as unexpected, and to ultimately reject more results from inclusion in
their designs. These behaviors suggest that students may fixate more on finding
their originally intended results and demonstrate less openness to incorpo-
rating unexpected parts into their design ideas. Students are expected to
have less experience with design and working with Al-assisted design tools,
which may make them more prone to relying on their own experience and in-
ternal stimuli (Gongalves et al., 2016). Less experience also affects novice de-
signers’ tendency to reflect on how inspiration sources can impact their
designs, thereby limiting the adaption of unexpected stimuli to their designs
(Gongalves et al., 2013). These findings also reinforce Gongalves et al.’s results
on expert designers’ greater ability to absorb and adapt detailed information
from stimuli compared to novices (2014), and Cross’s argument that experts
more readily seek a diversity of information to support their design process
(2004).

Through investigating specific search pathways, such as the relationship be-
tween how new vs. continuing searches were evaluated, professionals were
found to evaluate more new search results as expected than students. This
can be attributed to professional designers exhibiting broader expectations
for parts, allowing them to consider more results as expected without
continued search and exploration. This interpretation supports previous
work by Gongalves et al. (2014), Cross (2004), and Cai et al. (Cai, Do, &
Zimring, 2010) that professional designers seek to extract detailed information
from diverse inspirational sources. Thus, a relationship between their initial
search inputs and the retrieved results may have been more immediately in-
ferred. Our findings contrast professional designers’ broad expectations with
novice designers’ relatively narrower expectations. Relatedly, Cai et al.’s find-
ings suggest that novice designers found value in stimuli for their connection to
familiar knowledge. If search results did not immediately meet expectations,
designers’ ability to recognize the connection between retrieved results to their
initial search input may have been limited. Students thus proceeded to conduct
more continued searches, on average. While the aim of this work was to
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specifically investigate search processes, these findings can be more broadly
applied to the role of expertise on the ability to use and extract meaning
from inspirational design stimuli.

4.3 Rationale underlying less explored search pathways

An interesting finding in this paper was the uncovering of search results that
were evaluated by designers as expected or unexpected. Think-aloud transcrip-
tion data was examined to understand the rationale behind the evaluation of
search results and the uses of unexpected stimuli. The evaluation of new search
results as expected was linked to a positive assessment of the performance of
the search platform itself or of specific features of the retrieved results. As Cas-
cini et al. (2010) propose, the consideration of expected behavior of products is
needed from both the perspectives of the product user and designer. As discov-
ered in Result R4.1.2, initial fixation to specific part features or object contexts
could importantly be overcome by adapting expectations. This may be espe-
cially true when working in a CAD environment, in contrast to a physical envi-
ronment, where parts may be easily adjusted in scale and isolated from their
original context.

Several examples from this study challenge whether the aim of the search plat-
form should be to support the retrieval of inspirational stimuli that users inter-
acting with it expect. Indeed, desirable design outcomes, such as the
introduction of new design features during idea generation, can occur as a
result of the discovery of initially unintended search results. Given the large
proportion of results that were not what designers expected (156/235), 135
of which were rejected and unused towards continued idea generation, one
area for further exploration is how to encourage designers to similarly leverage
information when derived unexpectedly. Through examples underlying Result
R4.2.2, object transformations were found to assist designers’ ability to
discover usefulness from unexpected sources of inspiration. Reorientation
has specifically been proposed in prior research as a strategy to aid creative ob-
ject reuse (Olteteanu & Shu, 2018). Damen and Toh (Damen & Toh, 2019)
have found that information designers evaluate as helpful is not necessarily
used during idea generation. They additionally suggest that designers are
able to effectuate readily available information sources (i.e., make use of exist-
ing resources), even those that may not evidently influence an outcome
(Damen & Toh, 2021). These strategies may help overcome the motivations
designers expressed for rejecting unexpected results, explored in Sec. 3.2.3,
by overcoming design tool limitations and specific expectations held in
mind. These findings recommend that, while continuing to improve computa-
tional definitions of similarity relationships according to designers’ needs and
expectations is important, methods to promote designers’ adaptation of expec-
tations and ready use of available stimuli can also be beneficial.
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4.4 Limitations and Sfuture work

This paper presents the results of a design exploration task in which partici-
pants, consisting of designers with a range of design experience, interacted
with a multi-modal search platform. Methodologically, three main limitations
and opportunities for future work exist. Firstly, across two studies (the first
described in prior work (Kwon et al., 2022) and the second in the present), par-
ticipants of both novice and expert level design experience found the search
platform’s novel modalities difficult to use. Despite some observed benefits
of encountering unexpected results, continued work in the development of
this and other search platforms can be done towards improving retrieval accu-
racy. This may be achieved through the exploration of different sets of inspi-
rational stimuli and definitions of appearance and function-based similarity
that are more intuitive to designers. More generally, the results presented in
this paper, especially regarding search activities and behaviors, may be heavily
influenced by features of the search platform used and the design stimuli re-
turned. Despite this limitation, we present findings that can be adaptable to
use of other design tools, such as comparisons between novice and expert de-
signers. Through investigation of pathways, we also explore how search results
are engaged irrespective of their content. Secondly, in the design exploration
task completed, approx. 15 min. were allotted to search for parts. While
most participants reached an impasse in their search and design activity by
this time, prior work by Moss et al. (2011) has shown how incidental informa-
tion provided at the point of impasse can be beneficial for problem solving.
Continued design ideation after receiving new stimuli following an impasse
can therefore be studied. Finally, participants were tasked with searching
for parts to inspire solutions to the given design problem. These instructions
were specified to promote search activity, which was the focus of the present
work, rather than to encourage and assess idea generation. Thus, the extent
to which designers worked on developing a single or multiple final design ideas
varied, limiting our ability to assess the impact of stimuli on design activity.
Future work can link how the stimuli discovered as a result of different search
processes and modalities can contribute to specific design outcomes. For
instance, unexpected search results may lead to more novel design features.

S Conclusion

The main contribution made by this work is to deepen an understanding of
how designers search for inspirational stimuli. This aim was achieved through
a think-aloud design exploration task where designers used an Al-enabled
multi-modal search platform developed for this task. Search modality and
designer expertise were factors found to influence the process of searching
for design inspiration. By contrasting the uses of a more familiar mode of
search (by keyword) with more novel modes of search (by 3D-model part
and 3D-modeling workspace inputs), we found that modality affected how de-
signers interacted with retrieved results. When searching by keyword, more
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results were expected than workspace search results, and accepted than part
search results. While these differences can be partially attributable to limita-
tions of the current system, we suggest that designers may have difficulty
defining their search intent and forming expectations for results when search-
ing based on visual and functional relationships. Improved understanding of
how designers perceive and seek inspiration in terms of these less explored mo-
dalities can help support the further development of multi-modal design tools.
The role of expertise was also examined by comparing behaviors of student
and professional designers. Professionals generally had broader expectations
for search outcomes than students, who tended to reject and evaluate more re-
sults as not meeting their initial expectations. Increased design expertise was
associated with greater openness to potential sources of inspiration and
reduced fixation to intended results. This difference reveals both how expertise
influences the use of increasingly prevalent Al-enabled design tools as well as
how the process of becoming inspired may engage prior experience. Search
modality and expertise were factors found to impact design behavior when
engaging with an Al-enabled platform for inspiration discovery. Our study
supports continued research to understand and improve designers’ interac-
tions with Al-based design tools and the relationship between the inspiration
designers seek and effectively use.
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The increasingly transdisciplinary context of design, where designers
collaborate with other disciplinary and domain experts, means there is a growing
need to evidence the effectiveness of design methods. We address this need in two
ways. First, we propose a ‘chain of evidence’, from motivation to claims,
operationalising this in a systematic assessment framework. Second, we
systematically review current design method research. Our results reveal that
while all links in the chain of evidence are reported across the literature and best
practices can be identified, no individual paper either reports all links or
consistently achieves best practice. Our framework and results demonstrate the
need for standards of evidence in this area, with implications for design method
research, development, education, and practice.
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he increasingly transdisciplinary context of design, where designers

collaborate with other disciplinary and domain experts, means there

is a growing need to evidence the effectiveness of design methods.
Key questions are, what do design methods claim to achieve and what evi-
dence are these claims based on? This comes in addition to method’s tradi-
tionally central role in design; helping to shape, describe, teach, and explain
our discipline (Roozenburg & Eekels, 1995; van Boeijen, Daalhuizen, &
Zijlstra, 2020).

Design methods, and their associated claims of improved performance, have

. reached this status by translating research insights and best practices into
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(impact). Yet, in contrast with almost all similarly important research impact
mechanisms (e.g., interventions in education (Levin & O’Donnell, 1999) or
health (Gottfredson et al., 2015; Grimes & Schulz, 2002)), there is no consol-
idated procedure for assessing design methods and their supporting evidence
(Gray, 2022). This undermines the very foundations of design research impact
and design practice’s credibility in contributing to social transformation.

Design methods capture key procedural knowledge to provide ‘a formalised
representation of a design activity, which functions as a mental tool to support
designers in achieving a goal, in relation to the circumstances and resources avail-
able’ (Daalhuizen, Timmer, van der Welie, & Gardien, 2019). In this form,
methods significantly contributed to the emergence of design research as a field
in the 1960s and have continued to grow in importance across domains (Jones,
1977; Roozenburg & Eekels, 1995; van Boeijen et al., 2020). However, they
have also formed the subject of heated debate, exacerbated by conflicting ac-
counts of how methods impact practice (if at all) (Daalhuizen & Cash, 2021;
Dorst, 2008; Jones, 1992; Wallace, 2011), leading to a critical gap between
the importance and credibility of design methods. This gap is rooted in the
multifaceted nature of rigorous method evaluation (Daalhuizen & Cash,
2021, Figure 3; Gericke, Eckert, & Stacey, 2017, sec. 4.4) and poses a grave
challenge to design research (Lloyd, 2019; Meyer & Norman, 2020), as well
as leaving numerous disciplines — ranging from health to engineering — reliant
on methods built on ambiguous evidence and lacking transparency. Thus,
there is a vital need to better understand how design methods and their asso-
ciated claims can be assessed.

To address this need we build on the recent work of Daalhuizen and Cash
(2021), who defined a basic understanding of ‘good” method content,' and
thus provide a foundation for assessing methods more generally. Taking this
as a starting point, we first develop a framework for assessing method devel-
opment, reporting, claims, and supporting evidence, before using this to sys-
tematically review and analyse current method research. Throughout, we
focus on methods that involve human activities or interaction and thus cannot
be evaluated in isolation, in contrast to more technical and/or computational
tools whose efficacy can be directly assessed. Our assessment framework and
review provide a basis for grounding the current debate on method credibility.
This substantially extends research towards a wider Theory of Design Methods
and has significant implications for method research, development, education,
and practice.

1 Background

To assess design methods, it is first necessary to clarify a common understand-
ing of what methods in design are and subsequently how research proposing
methods and reporting their associated claims can be evaluated.

Design Studies Vol 88 No. C September 2023



1.1 Methods in design

Design methods broadly serve to embody understanding of design work
(Bucciarelli, 1994; Stappers & Sanders, 2005), direct design outcomes
(Araujo, 2001), and shape design education, skill development, and practices
(Andreasen, 2011; Kunrath, Cash, & Kleinsmann, 2020). They do this by sup-
porting belief formation and cognition via an interaction between method con-
tent and method user, which we call ‘method use’ (Daalhuizen & Cash, 2021).
This interaction can range from almost complete offloading (e.g., via an algo-
rithmic, computer supported method such as a design structure matrix (Pektas
& Pultar, 2006)) to cognitively intensive (e.g., via a heuristic principle such as
satisficing (Simon, 2019)), or any combination thereof (Daalhuizen, 2014).
Further, the specific focus of this support and the associated claims is as varied
as design itself (Cash, Valles Gamundi, Echstrom, & Daalhuizen, 2022;
Kumar, 2013; van Boeijen et al., 2020). For example, claims can include state-
ments about efficacy (e.g., the brainstorming method leads to a greater number
of and more diverse ideas compared to using competing methods or no
method at all) or effectiveness (e.g. the brainstorming method can be success-
fully used by multidisciplinary teams in corporate organizations to generate
ideas), as well as other direct and indirect outcomes (e.g. the brainstorming
method leads to better ideas and also shared understanding in multidisci-
plinary teams). Thus, the interaction between method content and method
user (for simplicity, and to avoid confusion with product user, we refer to
the method user throughout as ‘designer’) provides a common foundation
for understanding method impact.

In this context, it is possible to trace a logical link between a method’s support
for individual belief formation and cognition to at least: i) taskwork processes
and effects on outputs and artefacts (e.g. by fostering creativity (Chulvi, Mulet,
Chakrabarti, Lopez-Mesa, & Gonzalez-Cruz, 2012)), and simultaneously ii)
teamwork processes and effects on team and environment (e.g. by fostering
shared understanding or affect (Vaajakallio & Mattelmaki, 2014)). As high-
lighted above, methods have been claimed to impact all aspects of the design
process, with the ultimate contribution to more successful design work and
outcomes (Lewrick, Link, & Leifer, 2018, 2020). However, current approaches
to evaluating method impact typically focus on method’s effects at the artefact
(outcome) or organisation level (Andreasen, Thorp Frey & Dym, 2006;
Hansen, & Cash, 2015), and thus provide little insight into the relationship be-
tween the basic method/designer interaction and the ultimate impact. This is
particularly problematic because design methods are typically heuristic in na-
ture, and thereby enhance chances of producing desirable outcomes, rather
than guaranteeing them. This means that good methods that are used properly
might be discarded based on undesirable outcomes.

Evaluating design methods



This disconnect between method function and impact evaluation lies at the
heart of methodological debate; perhaps best illustrated by Christopher Alex-
ander’s dual role as both a founding father of the methods movement and one
of its greatest critics (Alexander, 1971). Central to his criticism was the over-
emphasis on method development at the expense of understanding of how
methods work and — most importantly — how they contribute to better design
practices and real-world impact. As illustrated in this section, this challenge is
as vital today as it was in Alexander’s time. Hence, there is a pressing need to
better align understanding of method function and impact in the discussion
and assessment of methods. This is essential to fostering a more mature and
robust research culture around method development, testing, and
dissemination.

12 Evaluating methods

Current evaluation efforts largely focus on criteria related to consistency and
overall impact in terms of design outcomes (Frey & Dym, 2006; Vermaas,
2016). This neglects the key method/designer interaction (see Section 1.1)
(Daalhuizen & Cash, 2021; Daalhuizen et al., 2019). For example, a prototyp-
ical evaluation framework in the current design literature is the validation
square (Seepersad et al., 2006; Vermaas, 2016). This deals with the internal
coherence and consistency of method content in terms of evaluating
algorithm-like procedures that require information and resources to be pro-
cessed to produce design outputs, independent of both designer and purpose.
While internal consistency is essential to methods’ function, the recent work of
Daalhuizen and Cash (2021) demonstrates that content is processed by de-
signers with respect to a method’s purpose or goal, and therefore content, pur-
pose, and designer response are related. Hence, Daalhuizen and Cash (2021)
expand the scope of method evaluation by treating both the internal concep-
tual coherence of a method and the interaction between the method and the
designer.

Daalhuizen and Cash (2021) operationalise this understanding in four key
properties of ‘good’ method content. These broadly align with conceptualisa-
tions of ‘good’ theory and efficacy (Flay et al., 2005; Wacker, 2008), and ‘good’
artefacts and effectiveness (Araujo, 2001; Daalhuizen, 2014), and include
(from Daalhuizen and Cash (2021, Figure 3)).

e Defined: The major content variables are logically complete, coherent (i.e.
not conflicting), and unambiguously described; and the domain of opera-
tion is clear i.e. designers understand in what context(s) the method will
perform as described;

o Predictable: The internal structure of the method is understandable and pre-
dictable i.e. designers can predict how altering one variable will impact the
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other variables; and the outcome(s) of interacting with the content is under-
standable and predictable within the domain of operation;

e Useable: The method is accessible, understandable, and credible to the
designer;

e Desirable: The outcome(s) of interacting with the method is appropriate
and valuable.

Based on these properties, Daalhuizen and Cash (2021) predict that method
performance will be negatively impacted by incomplete reporting of the con-
tent, conflict between the content elements, and conflict between the content
and designer/use context. Some of these properties have been operationalized,
for example by Tromp and Hekkert (2016) who define process quality, process
efficiency, and design quality as key measures to evaluate effect-driven design
methods. The four properties of ‘good” method content broadly complement
prior work on method development by elaborating Daalhuizen et al.’s
(2019) discussion of types of methodological elements and their internal hier-
archy, as well as Gericke et al.’s (2017) distinction between method evaluation
and validation.

More generally, these properties provide an initial basis for evaluating the con-
tent of design methods, which broadly mirrors assessment frameworks in
related fields such as software engineering (Kitchenham et al., 2002;
Kitchenham, Dyba, & Jorgensen, 2004) and prevention science (Flay et al.,
2005; Gottfredson et al., 2015). However, this only treats the reporting of
the method itself and thus neglects the other major aspect affecting the credi-
bility of methods i.e. the robustness of the supporting evidence for methodo-
logical claims (Cash, Daalhuizen, & Hay, 2022; Gottfredson et al., 2015;
Kitchenham et al., 2004; Prochner & Godin, 2022). For example, Tromp
and Hekkert (2016) argue for the need to combine qualitative and quantitative
evidence to credibly evaluate a method, while Vermaas (2016) critiques expert
justifications and highlights robust empirical evidence as essential to credible
method validation. Similarly, Olewnik and Lewis (2005) discuss how valid de-
cision support methods should be logical, use reliable information, and not
bias the designer, and use this as a basis for evaluating the evidence used to
support method claims. Thus, while Daalhuizen and Cash’s (2021) framework
complements prior design research on method development, method content
and evaluation (Olewnik & Lewis, 2005; Tromp & Hekkert, 2016; Vermaas,
2016), this must be contextualised with respect to its supporting research
claims.

13 Evaluating research claims

Fundamental to evaluating research claims, as well as communicating their
significance to practitioners, is understanding how they are supported by evi-
dence derived from the research and development process (Flay et al., 2005).
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However, while the importance of assessing evidence has been highlighted by
several authors (Cash, 2018; Cross, 2012; Reich, 2010) there are few current
standards for evidence evaluation in design research (Cash, 2018). This further
contrasts with fields developing interventions akin to design methods,
including software engineering (Kitchenham et al., 2004), management
(Bansal & Corley, 2011), education (Levin & O’Donnell, 1999), and all areas
of health (Glasgow & Emmons, 2007; Grimes & Schulz, 2002). Despite this
deficit in design research, there is a remarkable degree of commonality across
fields, especially in relation to evaluating interventions influenced by interac-
tion with a method user (as with design methods; Levin & O’Donnell,
1999). Hence, it is possible to build on these standards in developing an under-
standing of claims supporting design methods.

In this context, two works are particularly relevant. First, Gottfredson et al.
(2015) describe standards for evaluating the research and development pro-
cess, from theory to ‘effective’ recommendations for practice. Second,
Grimes and Schulz (2002) describe standards for evaluating evidence for
causal research claims (e.g. relating an intervention to increased performance).
Together these highlight the need to not only evaluate the intervention itself
(as in Section 1.2), but also: i) the rationale for the specific intervention based
on prior research and real-world practice; ii) the development of the interven-
tion, including the key decisions taken and how these are grounded in
research; and iii) the nature of the claims being made, their extent and scope
of relevance (e.g. contextual bounding), and the evidence that is being used
to support these. Coupled with the properties of ‘good’ method content out-
lined in Section 1.2, these provide a basis for developing an assessment frame-
work for design methods.

2 Building a systematic assessment framework for design
methods

Bringing together the literature from Section 1 it is possible to build a basic
lens for understanding the assessment of design methods from conception to
application. This forms a logical chain of evidence from initial insights
regarding the need, through development, to claimed impact, anchored
around the method content (Daalhuizen & Cash, 2021). We conceptualise
this chain with respect to five major links as illustrated in Figure 1: method
motivation (Section 2.1), method nature (Section 2.2), method development
(Section 2.3), method content (Section 2.4), and method claims (Section
2.5). Weaknesses in any of these links diminishes the strength of the whole
chain, and ultimately the design method itself. This forms the conceptual basis
for our assessment framework, which we operationalise in Table 1 (and detail
in Sections 2.1—2.5).
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Nature

Specification of the
intended purpose
of the method as a
reference frame
for subsequent
evaluation

Motivation

Specification of
and evidence
for the need for
the method
withina
specific context

* Nature
* Purpose

* Context of need
Assessment

+ Need claim
elements

* Need sample

Alignment between need and outcome
Alignment between samples

Alignment in use of evidence

Content

Specification of the
method content
and explanation of
its relation to
extant research
and theory

Claims

Specification of
and evidence for
the claimed impact
of the method
within a specific
context

Development

Specification of
and evidence for
development
decisions & their
link to the method

* Method goal
* Method procedure
+  Method framing

* Development *Method rationale * Claimed outcomes

process supporting
evidence

¢ Method mindset + Claim evidence

* Research basis + Claim sample

* Process sample

Figure 1 The chain of evidence supporting the proposal of a design method with assessment elements listed below each link, and alignments be-

tween elements indicated by the coloured threads

Important to note here, is that no assessment framework can exhaustively cap-
ture every aspect of method research and the associated ecosystem of method
producers, promoters, users, and wider ‘market’ (for lack of a better term) of
methods available in the wild. Therefore, we explicitly limit our focus to eval-
uating the robustness of the research supporting the proposal of a method and
hence an understanding of its likely reliability in fulfilling its claims. This focus
on the endogenous elements of method assessment implies two important ex-
clusions relevant to the broader discussion of design methods.

First, the ‘good’ artefact property of desirability goes far beyond the scope of
endogenous assessment criteria. Just as with products, desirability is also
linked to users’ perceptions of value or novelty, marketing, branding, and
many other exogenous factors beyond the content of a method and its sup-
porting evidence (many of which are little acknowledged in academic report-
ing, including in our sample of papers). Second, and following the same
logic, we also consider method adoption, popularity, or other similar assess-
ment criteria beyond the scope of endogenous assessment. Again, such out-
comes are highly dependent on exogenous factors including marketing as
well as the producers and promoters of a method and can often completely
overshadow endogenous factors in user decision making (just as with products
and their marketing). Hence, we exclude exogenous factors related to the
method ecosystem or adoption unless there are specific claims being made
about this in the reporting of the method itself.

With these exogenous exclusions in mind, Figure 1 illustrates the chain of ev-
idence together with the endogenous assessment elements associated with each
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link. Further, it highlights alignments between these elements that can
strengthen or weaken the overall chain. For example, alignment between the
need sample and the claim sample ensures that claims are being recontextual-
ised in the same general group from which the motivation for the method
emerged. For details of each assessment element see Table 1.

Table 1 A proposed systematic assessment framework for design methods, from need to impact (see Figure 1), building on
method content theory (Daalhuizen & Cash, 2021)

Element Operationalisation Description based on literature

Method motivation

Context of need Practice Multiple choice: Where does the need for the method
Education originate? This includes the major sources of insight in
Research design research following Cash (2018, 2020)
Not Reported

Need claims Efficacy Multiple choice: What is the extent of the need claim? This
Effectiveness includes efficacy (validity), effectiveness (scale of impact),
Dissemination and dissemination (scope of applicability) following
Not reported Daalhuizen and Cash (2021) and Gottfredson et al. (2015)

Need sample Students Selection: From what sample is evidence for the need
Practitioners derived? This includes the major sub-samples typically
Both recognised in design research following Atman et al. (2007)
Not reported

Method nature

Nature Principle Multiple choice: What is the nature of the method? This
Approach ranges from generic principles that do not necessarily say
Strict method what to do to templates describing the structure of a specific
Tool output (Lewrick et al., 2020; van Boeijen et al., 2020)
Template

Purpose Support practice Selection: What is the general purpose of the method? This

Method development
Development
process

supporting

evidence

Process sample

Method content
Method goal

Method
procedure

Support education
Support both
Not reported

Expert practitioner
opinion

Research through design
Single case
Multi-case
Experiment

RCT

Not reported
Students
Practitioners

Both

Specific goal(s)
Prioritisation or hierarchy
Not reported

Specific steps
How to complete steps
Purpose of steps

includes the major impact areas typically recognised in
design research (Meyer & Norman, 2020; Zielhuis et al.,
2022)

Selection: What approach has been used to generate
evidence to inform method development? This ranges from
expert opinion to Randomised Controlled Trails (RCTs))
adapted from the generic evidence hierarchy by Grimes and
Schulz (2002). While RCTs are not expected for
development they are included for completeness in terms of
levels of evidence.

Selection: What sample has been used to inform method
development e.g. via prototyping with students? Again,
following Atman et al. (2007)

Selection: What is the goal(s) of the method? This includes
the specific goal the method is to contribute to, its scope,
and degree of flexibility building on Lee, Bobko, Earley,
and Locke (1991)

Selection: What are the steps in the method? This includes
the structural knowledge about a specific way to reach a
goal building on Roozenburg and Eekels (1995)

(continued on next page)
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Table 1 (continued)

Element Operationalisation Description based on literature
Method Description Selection: In what context can the method be applied? This
framing: 1) ... with explicit includes several dimensions: i) organisational and
Context boundaries environmental context of use, ii) task or type of action
Not reported involved, and iii) positioning or relation to the wider design
Method Description process, building on various descriptions of method staging
framing: ii) ... with explicit (Andreasen, Thorp Hansen, & Cash, 2015; Badke-Schaub,
Task boundaries Daalhuizen, & Roozenburg, 2011; Gericke et al., 2017)
Not reported
Method Description
framing: iii) ... with explicit
Positioning boundaries
Not reported
Method Required competences Multiple choice: What is needed to stage the method? This
framing: Required materials includes the prerequisites or resources necessary for
Prerequisites Required resources successful use (Andreasen et al., 2015; Badke-Schaub et al.,
Required knowledge 2011; Gericke et al., 2017)
Method Goal(s) success criteria Multiple choice: What is the performance-goal relationship
rationale Goal(s) end conditions for the method? This includes how to evaluate if you have

Method mindset

Research basis

Method claims
Claimed
outcomes

Claim
evidence *

Claim sample *

Rationale for above
criteria

Support to reflect on
progress/goal completion
Not reported

Values and beliefs
Working principles
Not reported

Logical speculation or
inductive reasoning
References to past
findings

Existing conceptual
arguments

Existing models,
diagrams, or figures
Existing theory

Efficacy
Effectiveness
Dissemination
Expert practitioner
opinion

Research through design
Single case
Multi-case
Experiment

RCT

Not reported
Students
Practitioners

Both

succeeded, when to end, and how to reflect on progress with
respect to the method’s goal(s) in its specific domain and
context of use. Again, building on Lee et al. (1991)

Multiple choice: What is the required method mindset? This
includes descriptions of underlying values and beliefs and
basic working principles building on Andreasen (2003)
Selection: What is the basis for the components
incorporated in the method? This includes the logic behind
translation from grounding research to method content,
and the associated implicit or explicit expectations for its
performance, building on Cash (2020) and Colquitt and
Zapata-Phelan (2007)

Multiple choice: What is the extent of the outcome claim?
Again, following Daalhuizen and Cash (2021) and
Gottfredson et al. (2015)

Selection: What approach has been used to generate
evidence to inform method claims? Again, following Grimes
and Schulz (2002) = Iterated for each claim

Selection: From what sample is evidence for the claim
derived? Again, following Atman et al. (2007) * Iterated for
each claim
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2.1 Method motivation: why is the method needed?

Evaluation of the validity and impact of a method logically builds on a foun-
dational understanding of the need(s) that it addresses. Without this, success
claims become detached from context. Thus, specification and evidence for
need(s) forms the first link in our chain (Figure 1).

Three elements are required to understand need. First, where does the need for
the method originate: practice, education, and/or research (following the ma-
jor sources of insight typically found in design research (Cash, 2018, 2020))?
This provides an initial context essential to understanding the later validity
of causal claims (Wacker, 2008).

Second, what is the claimed extent of the need: efficacy (i.e., the validity of the
need), effectiveness (i.e., the scale of the need), and/or dissemination (i.e., the
generalisability of the need) (adapted from Gottfredson et al. (2015) and
Daalhuizen and Cash (2021))? This provides the basis for understanding the
extent of causal claims (Wacker, 2008).

Third, from what sample is evidence for the need derived: students and/or
practitioners (following the major sub-samples typically found in design
research (Atman et al., 2007; Cash, Isaksson, Maier, & Summers, 2022))?
This again informs understanding of the context of the need and provides a
first point of alignment across the chain. For example, if a need is based in
practice but evidence is drawn from student samples during method develop-
ment or testing then potential weaknesses in the chain could emerge (Figure 1).
Together, these three elements serve to evaluate the specificity and evidence for
the method need. While these do imply a gap in the wider method market (i.c.,
the need is at least relevant to the sample reported in the motivation) they pri-
marily deal with the claims made in the research itself and thus generalisation
to the whole method ecosystem and systematic positioning of originality and
market research are not the focus here.

2.2 Method nature: what type of method is it?

Evaluation of method performance requires a reference frame for its intended
purpose. For example, some methods are intended to provide general, abstract
guidelines that are contextually adapted and applied by the designer (e.g.,
some versions of design thinking (Brown, 2008)), while others intended to pro-
vide a more constrained framework that will lead to repeatable outcomes
across designers (e.g., many versions of the design structure matrix (Pektas
& Pultar, 2006)). Such differences can substantially impact how method claims
should be evaluated in terms of their generalisability (Wacker, 2008). Thus,
specification of method type forms the second link in our chain (Figure 1).
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Two elements are required to understand type. First, what is the nature of the
method? Despite the widespread use of the term ‘method’, this has substan-
tially different meanings across the design research literature. Cutting across
this variation, the key criteria affecting evaluation of causal claims is general-
isability i.e., their sensitivity to method user and context (Wacker, 2008).
Therefore, we build upon Daalhuizen et al.’s (2019) logic for method catego-
risation based on the scale of the cognitive support offered. Here, we contend
that the greater the support the less the (particularities of the) designer and
context will impact method outcomes. Hence, we identify five distinct types
of methods commonly found in the literature (Lewrick, Link, & Leifer,
2020; van Boeijen et al., 2020): i) values and principles that guide overall
work (e.g., principles of sustainable design or user-centered design), ii) ap-
proaches that structure a whole process (e.g. the Vision in Design method;
van Dijk & Hekkert (2011), or Product Development Process; Ulrich and Ep-
pinger (2008), iii) strict methods that structure sequences of tasks (e.g. mind
mapping or Quality Function Deployment (QFD)), iv) tools that support
tasks (e.g. PrEmo; Desmet (2018), or CAD software), and v) templates that
structure the output of actions (e.g. business model canvas; Osterwalder,
Pigneur, Oliveira, and Ferreira (2011) or the eco-design strategy wheel; van
Boeijen et al. (2020)). This provides the basis for understanding the generality,
abstraction, and contextual bounding of a method with respect to design work
(Wacker, 2008).

Second, what is the general purpose of the method (as opposed to the specific
goal, see Section 2.4): supporting practice and/or education (following the ma-
jor impact areas in design research (Meyer & Norman, 2020; Zielhuis,
SleeswijkVisser, Andriessen, & Stappers, 2022))? This provides a frame of
reference for testing of causal claims (Wacker, 2008), and a second point of
alignment across the chain. For example, a need may emerge from practice,
but a method may be directed towards education, and then tested in practice
and/or education. As such, clarification of alignment between these contexts
and samples is needed to avoid weakness in the chain. Together, these two el-
ements serve to evaluate the specific method type, providing a reference frame
for the rest of the chain (Figure 1).

2.3 Method development: how is the method designed?
Evaluation of developmental robustness builds on an understanding of the ev-
idence used to support key choices during the development of a method
(Gottfredson et al., 2015; Vermaas, 2016). Thus, specification and evidence
for development decisions forms the third link in our chain (Figure 1).

Two elements are required to understand development. First, what approach
has been used to generate evidence to inform method development decisions?
As this typically deals with the use of evidence to support causal claims, we
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follow a widely accepted hierarchy of evidence in this context (Grimes &
Schulz, 2002). This provides the basis for understanding the support for key
decisions that might impact method content or claims (Gottfredson et al.,
2015).

Second, what sample has been used to inform method development: students
and/or practitioners (again following Atman et al. (2007))? This again informs
understanding of the context of the development and provides a third point of
alignment across the chain. While there are many other details required for
replicability, these two elements serve to evaluate specificity and evidence
for method development.

2.4 Method content: how does the method work?

Evaluation of method efficacy is underpinned by understanding of method
content (Daalhuizen & Cash, 2021; Seepersad et al., 2000), as well as how
this has been translated from basic research (Gottfredson et al., 2015). This
is a key feature of design methods as an output of design research — as opposed
to design practice. Thus, specification of method content and its basis in design
research insights forms the fourth link in our chain (Figure 1).

Two elements are required to understand content. First, what does the method
comprise? Here, we build directly on the model of method content proposed by
Daalhuizen and Cash (2021), which includes the five main components listed
below. This provides the basis for understanding the key concepts and rela-
tionships that define how a method functions, as a foundation for explanation,
prediction, and causal claims (Wacker, 2008). Notably, these reflect the re-
ported content of the method itself and thus provide several points of align-
ment with the wider supporting research across the chain, as highlighted
and exemplified with the Contextmapping method (listed in van Boeijen
et al., 2020) below.

e Method Goal: the explicit description of the goals and their prioritization a
method aims to help achieve through method use (related to Sections 2.1
and 2.2). For example, the contextmapping method describes its goal as
helping designers create solutions that fit people’s needs.

Method Procedure: the explicit description of the structural activities
involved in the proper use of the method and their relative chronological
and logical ordering (related to Section 2.2). For example, the contextmap-
ping method describes its procedure in three steps for collecting and

communicating user insights: preparation and sensitizing, generative assign-
ments, and analysis and ideation.

Method Framing: the explicit description of the scope of use setting
(including context, task, and positioning) and its implications and prerequi-
sites for method use. For example, the contextmapping method described
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that it is to be preferably used in the pre-concept stage and as part of co-
design or co-creation processes.

e Method Rationale: the explicit description of the performance-goal relation-
ship and motivations underlying the goals of the method (related to Section
2.1). For example, the contextmapping method describes that it helps un-
cover users’ latent knowledge that helps to empathize with intended users.

e Method Mindset: the explicit description of the set of values, principles, un-
derlying beliefs, and logic that inform method use. For example, the con-
textmapping method describes that a core value is that the people
designers design for are the expert of their own experiences and that de-
signers should respect this.

Second, what is the basis for the components incorporated in the method? This
follows the idea that methods embody research-based understanding of design
work (Daalhuizen, 2014; Gray, 2022; Stappers & Sanders, 2005). Hence, the
translation from research insight to a functional method constitutes some
form of test (even if only implicitly). Therefore, it is possible to follow the
acknowledged schema for assessing such translation provided by Colquitt
and Zapata-Phelan (2007), and recently applied in design research by Cash
(2020). This provides the basis for understanding the robustness of the
research logic underpinning method content. Together, these two elements
serve to evaluate the specificity and research grounding of the method content.

2.5 Method claims: what is the Method’s impact?

Evaluation of claimed impact builds on the robustness of evidence for both the
basic functionality of a method, as well as its ability to address its intended
need/purpose in context (Daalhuizen & Cash, 2021; Gottfredson et al.,
2015). These form a logical specification of and counter point to the claimed
needs (Section 2.1). Thus, specification and evidence for claims forms the final
link in our chain (Figure 1).

Three elements are required to understand claims. First, what is the extent of
the outcome claim(s): efficacy (i.e., the functional predictability and validity of
the method), effectiveness (i.e., the usability and scale of its impact in context),
and/or dissemination (i.e. the desirability and general uptake) (adapted from
Gottfredson et al. (2015) and Daalhuizen and Cash (2021))? This provides
the basis for understanding the specific nature of the claims being made,
providing a reference frame for subsequent testing methods and evidence
(Gottfredson et al., 2015).

Second, what approach has been used to generate evidence to inform each
method claim? Due to the typical focus on causal claims (i.e., the method im-
proves ...) we again follow the hierarchy of evidence provided by Grimes and

Evaluating design methods

13



Schulz (2002). This provides the basis for understanding the robustness of the
support for each claim (Gottfredson et al., 2015).

Third, from what sample is evidence for the claim derived: students and/or
practitioners (again following Atman et al. (2007))? This again informs under-
standing of the context of the claim and provides a final point of alignment
across the chain. Together, these three elements serve to evaluate the specificity
and evidence for the method claims. As with motivation, while these do imply
a contribution to the wider method market (i.e., the method is at least relevant
to the degree reported in the claim) they primarily deal with the claims made in
the research itself and thus generalisation to the whole method ecosystem and
evaluation of potential uptake or market buy-in are beyond the scope of these
elements.

Bringing together the criteria discussed in this section, we can propose an
assessment framework for design methods, which systematically evaluates
each link in the chain of evidence (Figure 1). Table 1 provides an overview
of this assessment framework, detailing each link, their major elements, oper-
ationalisation, and description based on literature.

3 Method

To provide a foundation for field development and ground current debate, we
conducted a systematic review of recent research proposing a design method,
following the updated PRISMA guidelines (Page et al., 2021). Here, our inten-
tion was not to characterise the whole history of methods research, but rather
establish the current state of design methods research as a basis for moving
forward as a field. Given this aim the review comprised three main phases:
(1) identification of design research proposing a method via search of major
design journals, (2) screening the records and eligibility assessment according
to pre-defined inclusion and exclusion criteria, and (3) inclusion of eligible re-
cords in the final sample for further review and analysis. The PRISMA flow
diagram summarising our process is presented in Figure 2.

While the PRISMA approach was developed primarily as a guide for meta-
analyses and systematic reviews of health interventions, such as clinical trials,
the 27-item checklist and flow diagram are applicable for other types of sys-
tematic reviews (Page et al., 2021). This provides a standard approach, which
has been applied in several recent reviews of design research (e.g., see Hay et al.
(2017)). In this paper, we focus on current research proposing new methods
bounded by two main criteria. First, we only consider methods published in
recognised design research journals for two main reasons: i) these represent
the ‘best’ of the field with more stringent peer review and acceptance criteria
than either conferences or books (especially with respect to the provision of

Design Studies Vol 88 No. C September 2023

14



Identification of studies via databases and registers

c Total records identified from Record removed before
2 databases: n=695, including: screening:
©
R
’.E'. Scopus: (n=394) Duplicate records
3 Web of Science: (n=216) removed (n=347)
= PubMed: (n=85)
A
Records screened — title and Records excluded
abstract (n=348) (n=231)
3
'g Records sought for retrieval Records not retrieved
[ (n=117) (n=3)
a
Records assessed for eligebility Records excluded:
(n=114)
Not a research article
(n=3)
Not reporting a design
method (n=93)

Records included for review
(n=18)

Figure 2 The PRISM A flow diagram specific to the literature review presented in this paper, based on Page et al. (2021)

supporting evidence) and ii) these reflect a bounding of the design research
domain recognised within the field itself (Cash, 2018; Gemser, de Bont,
Hekkert, & Friedman, 2012). Notably, we exclude textbooks and method re-
positories (where most method descriptions are found) because these primarily
focus on dissemination and hence do not typically report underlying research
and evidence (Figure 1). Second, we only considered methods published in
2020, due to these representing the most current still unaffected by the poten-
tial limitations of the COVID-19 pandemic (e.g., limiting data access).

3.1 Article selection process
The search was conducted based on the journal list developed by Gemser et al.
(2012), which is widely recognised in the community as identifying top design
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research journals. Again, as our focus is on establishing the current best case,
we deliberately focus on a limited set of journals recognised as leaders in the
field. Due to this focus, we were able to review every paper published in
2020 across all six journals summarised in Table 2. This resulted in a total
of 695 records identified.

Following this, records were screened by a trained research assistant based on
the title and abstract. Here, 231 records were excluded as immediately out of
scope (e.g., reporting general design research and not including the proposal of
a new method), not retrievable (n = 3) or not being a research article (n = 8). A
second round of screening examined the remaining 106 records, which were
screened based on the full text. Again, records were excluded if they did not
propose a specific method that fell within the basic definition summarised in
Table 2 (e.g., reporting a conceptual framework that could be applied by a
designer but was not claimed as a specific method or ‘methods’ that were
purely computational and thus eliminated interaction between method and
designer). This resulted in a final selection of 18 records. The full list of inclu-
sion and exclusion criteria applied can be found in Table 2.

3.2 Article analysis process

To analyse the 18 records selected for the review, we used a multi-part coding
process. First, we coded the records for background information like applica-
tion area, research context, etc. Second, we analysed selected records accord-
ing to the elements of our proposed assessment framework (Table 1). The first
round of analysis was performed by a trained research assistant. Training
happened iteratively, starting with an explanation of the assessment frame-
work after which the research assistant analysed three records, noting down
any doubts that arose during analysis. After this, one of the authors and the
research assistant discussed the analysed records and resolved all instances
of doubt. After training, the research assistant analysed all records, again
marking any instances of doubt. The second round of analysis was performed

Table 2 Review inclusion and exclusion criteria

Criteria

Explanation

Quality

Publication date
(2020)

Proposal of a
method

Publication in top general design research outlets as recognised by the design research
community (Gemser et al., 2012): Design Studies, Design Issues, Journal of Engineering
Design, International Journal of Design, The Design Journal, Journal of Design
Research

Most recent publication date unambiguously unaffected by potential data access
limitations introduced by the COVID-19 pandemic

Proposal of a contribution corresponding to the definition: ‘a formalised representation
of a design activity, which functions as a mental tool to support designers in achieving a
goal, in relation to the circumstances and resources available’ (Daalhuizen et al., 2019).
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by one of the authors during which all instances marked in the previous round
were analysed and resolved.

4 Results

In this section we first provide an overview of the reviewed records before de-
tailing the outcomes of our analysis.

4.1 Descriptive summary

Of the initial set of 695 records 18 were found to contain a method proposal.
These were distributed across the surveyed journals: Design Studies (3), Design
Issues (0), Journal of Engineering Design (8), International Journal of Design
(3), The Design Journal (4), Journal of Design Research (0). Further, they tar-
geted a wide range of design practices, including, ideation (3), development
(10), modelling (2), and evaluation (3). Similarly, they covered an array of con-
texts from manufacturing and engineering design to participatory and co-
design applied to everything from products to food or shared spaces. An over-
view of all the reviewed records is provided in Appendix Table A. Given the
spread of the reviewed records and distribution across outlets we conclude
that this sample provides a credible foundation for evaluating current research
across the field.

4.2 Assessing current design method research

Analysing the selected records in detail revealed the proposal of 18 methods,
with some methods containing multiple elements (e.g., a method and a tool)
resulting in a total of 25 methodological elements. Upon inspection, the evi-
dence presented within a record typically addressed all included elements, as
such we take the 18 records as our primary level of analysis. Evaluating these
provided important findings across the chain of evidence (Figure 1).

4.2.1 Method motivation

In this link of the chain (Figure 1) we evaluated the context of the need, the
need claim, and the supporting sample. The overall results for each of these
evaluation elements is summarised in Figure 3a—c. Taken together, the major
insight in this link was that while 14 records claimed a valid or specific scale of
need (Figure 3b) emerging from a specific context (practice, research, or both)
(Figure 3a), only 3 reported the sample supporting these claims (Figure 3c).
Further, there was a general lack of maturity in need claims with only 3 records
claiming anything beyond validity, neglecting the scale and applicability of the
need. Together these leave significant gaps in the initial link in most records
and point to the potential for much clearer articulation of the scope of need
and the evidence supporting this.
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4.2.2 Method nature

In this link we evaluated the nature and purpose of the method type, as sum-
marised in Figures 3d and 3e. The reviewed records presented a total of 25
methodological artefacts, which included 2 principles, 7 approaches, 13 strict
methods, 1 tool, and 2 templates (Figure 3d). Notably 7 records proposed two
methodological artefacts as part of a wider proposal (e.g. a strict method and a
supporting tool). While all artefacts could be consistently characterised based
on Table 1 the nomenclature varied significantly across records. Further, 2 re-
cords did not report the intended target of the proposal. Thus, while most re-
cords were clear in their articulation of a specific purpose these results reveal a
critical need for alignment in terminology across the design literature.

4.2.3 Method development

In this link we evaluated the development process, supporting evidence, and its
associated sample, as summarised in Figures 3f and 3g. While we would not
expect the full scale to be utilised in the context of method development
(e.g., RCTs are rarely—if ever in the design context—used for developmental
purposes) our results reveal a critical deficit in the chain of evidence. Specif-
ically, 12 records did not report on the evidence used as the basis for their
development process (Figure 3f). For those records that did report on evidence
used, one reported a research through design study, two a single case study,
two a multi-case study, and one an experiment. This again reveals a critical
lack of maturity in reporting practices with regards to the development pro-
cess. Thus, despite the acknowledged importance of understanding the basis
for developmental decision making in traditional design, this is currently not
reported in the context of method development.

4.2.4 Method content

In this link we evaluated the various aspects of method content as summarised
in Figure 3h—p. Here, while all records provided some explanation of their
research basis there was significant inconsistency and incompleteness with
respect to the reporting of the method content itself. Specifically, no single re-
cord described all aspects of method content, with several elements notably ne-
glected. For example, 10 records did not provide goal rationale (Figure 3n)
and 7 did not provide specific goals (Figure 3h). Further, 13 records did not
describe the underlying method mindset (Figure 30) and 7 did not even report
the prerequisites needed to complete the proposed method (Figure 3m). Again,
this reveals a lack of maturity in reporting and highlights the need for further
examination of what is needed to understand and use method proposals to in-
crease consistency in this critical link. It is surprising that even for perhaps the
most basic element of methodological proposals — their core content — report-
ing is so often lacking.
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4.2.5 Method claims and evidence

In this link we evaluated the claimed outcomes, their supporting evidence, and
associated samples, as summarised in Figure 3q—s. These results revealed two
important insights. First, while 13 records reported on the efficacy of their pro-
posals and 5 reported effectiveness, none reported on dissemination
(Figure 3q). Second, of the 13 records making efficacy claims, 12 provided
some form of evidence (Figure 3r) but only 6 explicitly defined the sample
from which this was derived (Figure 3s). However, it is notable that 2 records
reported claims on both efficacy and effectiveness, including the evidence and
samples used. Hence, while examples of more complete reporting can be found
in the reviewed literature there is a critical lack of clarity in reporting the sup-
porting evidence and sample for method claims.

43 Summarising current design method research

Figure 3 provides a summary of the results from across the chain of evidence;
however, one critical insight should be highlighted based on the detailed re-
sults reported in this section. When the reviewed literature is taken as a whole,
there are major deficits in reporting in almost every link in the chain of evi-
dence (Figure 3). Yet, for all links at least one record was identified that clearly
reported the assessment elements (Table 1), with individual records often
providing complete and clear reporting of one or more specific links (however,
no record covered all links). Hence, within the reviewed records there is overall
recognition and reporting of all links in the chain of evidence, and evidence for
the emergence of possible best practices in each specific link. Thus, while there
is an evident lack of consistency and maturity across the reviewed records
there is also evidence for the possibility of improvement and the overall poten-
tial value to be derived from structuring the reporting of method proposals.

S Discussion

We set out to better understand how design methods and their associated
claims can be assessed and subsequently ground current debate on method
credibility in design research. In answer to this, our results revealed that
even though some papers are quite complete in reporting specific links in the
chain of evidence (Figure 1), overall reporting is quite incomplete and never
complete (in a single paper) across all links in the chain. Taking two of the
most complete works as good examples, Stylidis, Wickman, and Soderberg
(2020) propose a method for ranking attributes of perceived product quality
while Y. Lee, Breuer, and Schifferstein (2020) propose a set of food design
tools. Both works report to a moderate/high degree of maturity on the method
itself, its development, evidence supporting its efficacy and the need, yet do not
report the sample for the need nor on the dissemination of the method. Yet
these examples are exceptions with most cases offering relatively incomplete
reporting, reflected in the high numbers of ‘not reported’ results (red bars)
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Figure 3 (a—s) Summary of results across the chain of evidence. Note: all y-axis reflect number of records and * denotes multiple choice
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in Figure 3a—s. Overall, most of the reviewed papers do not provide the infor-
mation and/or evidence crucial to understanding the content and potential
impact of the method proposals and their development. In short, the chain
of evidence is often broken, with key links missing in most papers. Further,
these missing links are also typically not recognised in the limitations of these
papers.

Our findings reveal three major shortcomings highlighting the importance and
potential value of the proposed assessment framework for supporting self-
reflection, method assessment, and research evaluation: i) all links were found
when looking across the whole set of reviewed papers, but never complete in
individual papers; ii) for every link, potential ‘best’ practices were found, yet
most papers did not report or only superficially addressed each link; and iii)
where links were missing or otherwise incompletely addressed such deficits
were typically not reported in the limitations. However, it is important to
recognise that these results are perhaps not surprising given the lack of stan-
dards for method reporting in design research. Therefore, the positive excep-
tions highlighted (in completing most of the chain, in fully addressing
specific links, and in reflecting on relevant limitations) should be applauded
rather than the less complete examples criticized (see Table A for examples).
Thus, our results demonstrate the need for clear and complete standards of
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evidence in method research, as well as a more general need to take concerted
action towards developing the maturity of the field.

5.1 Limitations

Before discussing implications, it is important to consider the main limitations
of this work. First, the extent of the conceptual framework. The proposed
framework reflects a first step in assessing the whole evidence chain from
need to claimed impact; but does not deal with many other secondary factors
that can impact methods, such as embodiment, facilitation, staging, context of
deployment etc. and explicitly excludes interactions with exogenous factors
that can impact users’ perceptions of novelty, value, or wider uptake, such
as the method producer/promotor, its branding/marketing, and other posi-
tioning and promotion within the method market and wider ecosystem. How-
ever, given the lack of maturity in this area this still provides an important
contribution as evidenced by the findings reported in Figure 3, and a founda-
tion on which market facing and other exogenous assessment elements could
be built.

Second, the extent of the review. The review reflects current research in core
design research journals. This serves its purpose as we aimed to assess the
‘best” current practices, which are fostered by rigorous peer review and edito-
rial oversight provided by the journal outlets. However, the reality is that most
methods are only proposed in books or conferences, which vary wildly in peer
review, editorial oversight, and ultimately quality and content. Thus, while our
work provides an important foundation for moving the field forward, we need
more work to really understand to what degree the ‘best’ represents the rest as
well as how this might have changed over time, and how standards can be
effectively deployed in the face of such varied outlets.

52 Implications and future research

Our work has several implications for method research, development, educa-
tion, and practice. First, in terms of method research and theory, our evalua-
tion, particularly of method content, highlights the potential for cross-cutting
theory to scaffold maturation of the research field. Specifically, our findings
show how increasing our understanding of the phenomenon underlying design
methods and their use can directly contribute to improvements in development
and reporting. While some elements were more consistently reported (such as
aspects of method content), many elements are still treated implicitly or not
reported at all (Figure 3). This inconsistency in reporting—even in leading
design research journals—also emphasises the need for more systematic and
consistent peer review. In this context, our work could provide a general guide
for reviewers confronted with manuscripts involving method development,
and points to the need for further investigation of quality criteria in this
context, linking to the call for action in the recent Design Research Notes
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initiative (Cash, Isaksson, et al., 2022). Hence, key future research questions
include how method content interacts with the designer (as user of a method)
in context, how to understand the adaption necessary in translating and
embodying method content in practice, how the staging of methods might
impact outcomes, and how method research can be consistently reviewed.

Second, in terms of wider method research, our work highlights the need for
focused study of exogeneous factors affecting perceptions of methods and their
uptake. Specifically, there is a need to better understand how users perceive
methods (including evaluation of their novelty, relevance, and value in
context) and how this relates to method content, its reporting, dissemination,
and marketing. Further, there is a need to examine what other exogeneous fac-
tors impact method adoption and how these relate to the elements in Figure 1.
For example, little is known about the impact of the method producer, promo-
tor, or branding and marketing efforts on user uptake. Further, designers
don’t typically have time to try out multiple methods for a given project/
task, and hence need support in identifying and applying the most relevant
methods to their context, yet research on this meta level is, to the authors’
knowledge, lacking. As such, a logical follow-up to this work is an examina-
tion of the evidence and reasons for method adoption amongst method users
across contexts, including the impact of third-party actors in the method
ecosystem, such as design consultancies or university marketing teams. Hence,
key future research questions include how to understand exogenous factors
impacting method perception and adoption and how method research can
be tailored to engage with these without compromising quality.

Third, in terms of method development, there is currently no framework that
establishes what good methods are and how to develop and report them. As
such, our proposal for a chain of evidence (Figure 1) could form a foundation
for developing good practice in this context. A second aspect of this is to
acknowledge the contextual nature of method use, and to report what skills
are required to properly use the method and in what contexts the method is
best applied — and in what contexts we better refrain. Further, the systematic
assessment framework can be used ‘in reverse’ as a checklist when planning,
developing, and reporting methods. However, it is important to acknowledge
that this is not a meta-method for method development, and that such an
approach is an area for further research. Hence, key future research questions
include how to understand and report on method development processes
balancing generic and context specific elements and how best practices might
be further developed in this area.

Finally, in terms of societal, practice, and educational impact, methods often
target key challenges and include corresponding large-scale impact claims. Our

findings highlight the need for a more in-depth discussion of what constitutes
quality of methods and evidence in this context, and what types of research
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infrastructure are needed to be able to achieve such quality standards reliably.
Both policy makers and industry, for example, are more and more asking for
evidence-based methods (Alonso et al., 2020; Design Council, 2020), which are
proven to be actionable and effective. This is critical if design methods are to
be held up alongside methods developed in related fields such as engineering or
health. We need to show non-design sectors that deal with major societal chal-
lenges that our methods can—and do—make a difference and that they deliver
the promises we make. It is therefore crucial that future research continues to
examine how methods are adapted and applied, how implementation can be
understood in and across contexts, and how we can offer compelling evidence
of both methodological rigour and impact to diverse stakeholders.

6 Conclusions

We set out to better understand how design methods and their associated
claims can be assessed and subsequently ground current debate on method
credibility in design research. In doing so, we first developed a systematic
assessment framework for design methods (Table 1) built on a logical chain
of evidence from initial insights regarding the need to claimed impact
(Figure 1). Based on this, we reviewed all papers published in 2020 in leading
design research journals. Specifically, we examined whether papers that report
new methods provide the information necessary to define and evaluate the
proposed method and its development process, as well as support the claims
associated with this.

Our results revealed that while all links in the chain of evidence are reported
across the literature and best practices can be identified for each link, no indi-
vidual paper either reports all links or consistently achieves best practice.
While these findings might not be surprising—due to the lack of current stan-
dards of evidence in this area—they highlight the potential value of our pro-
posed assessment framework and point to critical implications for maturing
this central pillar of design research (impact).

Ultimately, we started with the question, ‘what’s in a claim’, and can conclude
with the realisation, that while the answer is complex and multifaceted (Table
1) it is also tractable in design research (with many positive examples of good-
—yet patchy—practice across the field). Our work thus provides a foundation
for evaluating method research, demonstrates the need for clear and complete
standards of evidence in this area, and highlights directions for future method
research.
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Appendix.

Table A Overview of papers included in the systematic review

Journal Citation Title Example of
complete reporting
in links:
Design Hoolohan and Browne Design thinking for practice-based intervention: e Motivation
Studies (2020) Co-producing the change points toolkit to unlock e Development
(un)sustainable practices e Content
e Claims:
effectiveness
Stromberg, Pettersson, Enacting metaphors to explore relations and e Development
and Ju (2020) interactions with automated driving systems e Claims: efficacy
Pirinen and Tervo (2020) What can we share? A design game for developing e Development
the shared spaces in housing
International Karana, Barati, and Living Artefacts: Conceptualizing Livingness as a
Journal of Giaccardi (2020) Material Quality in Everyday Artefacts
Design Woo and Lim (2020) Routinoscope: Collaborative Routine Reflection e Content
for Routine-Driven Do-It-Yourself Smart Homes e Claims: efficacy
e Claims:
effectiveness
(Y. Lee, Breuer, & Supporting Food Design Processes: Development e Development
Schifferstein, 2020) of Food Design Cards e Claims: efficacy
e Claims:
effectiveness
Journal of Paparistodimou, Duffy, A network science-based assessment o Claims:
Engineering  Whitfield, Knight, and methodology for robust modular system effectiveness
Design Robb (2020) architectures during early conceptual design
Rigger, Vosgien, Shea, A top-down method for the derivation of metrics e Claims:
and Stankovic (2020) for the assessment of design automation potential  effectiveness

Bashir and Ojiako (2020)

Eddy, Krishnamurty,

Grosse, and Steudel
(2020)

(D. Lee, Pan, & Fang,
2020)

Stylidis et al. (2020)

Stief, Dantan, Etienne,
Siadat, and Burgat (2020)

Barravecchia,
Mastrogiacomo, and
Franceschini (2020)

An integrated ISM-MICMAC approach for

e Motivation

modelling and analysing dependencies among
engineering parameters in the early design phase
Early design stage selection of best manufacturing

process

Improving early stage system design under the

e Motivation

uncertainty in reliability-wise structure

Perceived quality of products: a framework and
attributes ranking method

e Development
e Content
e Claims: efficacy

Product design improvement by a new similarity-
index-based approach in the context of
reconfigurable assembly processes

The player-interface method: a structured
approach to support product-service systems

concept generation
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Table A (continued)

Journal

Citation Title Example of

complete reporting

in links:
The Design  Giines (2020) Extracting Online Product Review Patterns and
Journal Causes: A New Aspect/Cause Based Heuristic for
Designers

Rodgers, Mazzarella, and Interrogating the Value of Design Research for

Conerney (2020) Change

Celikoglu, Krippendorff,  Inviting Ethnographic Conversations to Inspire e Development

and Ogut (2020) Design: Towards a Design Research Method

Jacobs et al. (2020) Made-Up Rubbish: Design Fiction as a Tool for e Claims: efficacy

Participatory Internet of Things Research

Notes

1. ‘Method content’ is here deliberately separated from ‘method use’, to stress that methods
can have all the proper ingredients yet fail to deliver when used improperly or under the
wrong circumstances.
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