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Foreword 
 

The Design Thinking Research Symposia (DTRS) series of meetings was launched at TUDelft in 

1992. It aims to research design thinking on the base of real-world evidence. Each of the past 12 

meetings has dealt with a specific topic and in the 13th symposium we look at the expansion of what is 

understood as design (and design thinking), whereby many activities by professionals from different 

disciplines are seen as included in the term ódesignô. This is largely a result of the development of 

Design Thinking as a methodology, shortly after the DTRS series was initiated. 

The move from design thinking as the way in which designers think to Design Thinking as a method 

embraced by the business world has brought many new actors to the table, and it is no longer clear 

what exactly design means and how well it is served by the expansion of its boundaries. In DTRS13 

we investigate precisely these questions. What are the new frontiers design is demarcating? Do they 

have the capacity to sustain the missions of design? What do we gain from this expansion of frontiers? 

What do we lose, if something is lost? Can we find a new signification for the designer, which will be 

wider than the traditional one but narrower than ñeverybody is a designerò? What are the implications 

for design education? For teamwork wherein team members have varied professional backgrounds? 

For sustainability, and for design for underserved human groups, and animals? There are also 

implications for design methods and the technologies involved, all of which are changing rapidly. 

These are some of the issues that come up in this compilation of papers, which were accepted, and for 

the most part presented, at DTRS13. Some of the papers in this volume are by authors whose papers 

were accepted and they registered to the conference but could not travel to it for various reasons. 

This conference was long in the making: it was initially planned for April 2021 but had to be 

postponed owing to the global Covid pandemic. It is finally taking place in March 2022, and we are 

so glad that it is really happening! 

We would like to thank the Technion for supporting this conference, DesignTech for sponsoring it, 

the Azrieli Foundation for the rich aid they provided, and we especially thank Stratasys for their 

interest and generous support of the conference. Finally, many thanks to Sheila Osmanov, whose 

assistance in organizing the conference was indispensable.  

 

 

Gabriela Goldschmidt and Ezri Tarazi 

Haifa, March 2022 
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Designed to write 

 
Christine Toha, Andy Dongb and Mike Sharplesc  
a University of Nebraska at Omaha, ctoh@unomaha.edu  
b Oregon State University, andy.dong@oregonstate.edu  
c The Open University, mike.sharples@open.ac.uk  

 

Abstract. This article describes the cognitive and processual similarities between creative writing and 

designing. We have chosen to investigate this intersection as one way to address the expansion in the boundaries 

of design thinking. Evidence of this intersection is drawn from a book on the cognitive aspects of creative 

writing and an interview with the author. The article identifies four sets of similarities between creative writing 

and design: processes; cognitive structures and processes; methods; and social processes. Based upon our 

analysis, we find reason to conclude that writing is a form of design and that writers are ipso facto designers. 

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

the paragon of cognitive skills, we conclude that the proliferation of design thinking across disciplines should be 

expected. If writing is designing, then all forms of communication modes (mathematics, language, symbology) 

are all forms of design itself. 

 

Keywords: creative writing, design cognition, mental models 

 

 

 

1 Introduction  
Stories, in the form of news, articles, books, and even tweets, and designs, in the form of objects, 

environments, and services, are all around us. Together, they represent the bulk of our material 

culture. Writings and designs share structural similarities. Designs have a function, structure, and 

behavior (Gero, 1990). Similarly, writings have a function (construe an experience, create a 

community), structure (genre, grammar, style), and behavior (narrate, report). This leads us to raise 

the question of whether the act of writing and designing share other similarities. Taking a more 

provocative stance, this article raises the possibility that writing is itself a form of designing. Indeed, 

in writing about writing, Mike Sharples claims that writing is akin to designing: ñA writer is not only 

a creative thinker and problem solver, but also a designer.ò (Sharples, 1999, p. 10) We believe that 

discovering the extent to which writing is (or can be) a design process can drive a search for cognitive 

processes, tools, and mediations that underpin both practices. If central concepts such as ódesign 

thinkingô and óprimary generatorô can be applied in creative writing, then the boundaries of these 

concepts expand.  

If the claim that writing is a form of designing is true, this leads to a broader implication that would 

explain the expansion of the boundaries of designing, or more popularly ódesign thinkingô (Brown, 

2008). This implication is that writing is an adaptation of the cognitive skills evolved for designing. 

Perhaps the evolution of cognitive skills for designing (Dong, Collier-Baker, & Suddendorf, 2017) 

provided the building blocks for language (Bickerton, 1981; Davidson, Noble, Lieberman, Ragir, & 

Burling, 1993; Deacon, 1997). As early as 1.75 million years ago, long before humans communicated 

through language, they were engaged in the top-down design of artifacts (Moore, 2020). They were 

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

Marean, Milo, & Yates, 2001; Henshilwood et al., 2002). Moore (2011) suggests that the physical 

constraints of materials enforced boundaries on design spaces and influenced the emergence of design 

cognition and practice. A set of cognitive skills have evolved to enable humans to design. To engage 

in these sorts of activities requires deliberation and planning, both of which are enabled by the 

mailto:ctoh@unomaha.edu
mailto:andy.dong@oregonstate.edu
mailto:mike.sharples@open.ac.uk
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cognitive skill of recursion (Hoffecker, 2007). Recursion is considered a building block for language 

and the creative ability to produce a seemingly infinite variety of combinations from discrete 

components. It is possible that some cognitive skills involved in design cognition such as imagination 

and causal reasoning are examples of convergent evolution. Both great apes and crows (corvids) have 

been found to possess these cognitive skills (Emery & Clayton, 2004), which enables them to perform 

acts such as crafting simple tools. Yet, to our knowledge, neither apes nor crows have shown any 

capability to write ï which may simply be the case because there is no need, no natural response 

necessary, for them to do so even if they could. The capability to design gave humans an inherited 

difference that we leveraged to improve our speciesô ability to survive and reproduce. Since humans 

developed an ability to design before writing, perhaps humans designed language itself. The 

evolutionary origins of capabilities to envision and reify that world such that it can be shared and 

communicated to others are more likely than not to be shared between writing and designing. 

In short, if there are commonalities in terms of mental structures, processes, and methods between 

writing and designing, then there are far-reaching implications because the cognitive skills for design 

predate skills for language. 

The central claim of this paper is that writing is a process of design and therefore writers are ipso 

facto designers. We have chosen an exploration of what writing and visual design have in common, 

through a search for cognitive processes, tools, and mediations that underpin both practices, to explore 

the boundaries of designing. We have chosen to investigate creative writing to address the expansion 

in the boundaries of design thinking because both writing and design result in the intentional planning 

and creation of cultural artifacts, one immaterial (writing), one material (design), to express and shape 

values and beliefs. Both deliver on the goal of communication (Forlizzi & Lebbon, 2002). As stated 

by Krippendorff (1989, p. 9), designing can be ñregarded as meaning that ñthe products of design are 

to be understandable or meaningful to someoneò. Similarly, creative writing can be viewed as the 

process and act of individual expression to share an experience to a specific group (Marksberry, 

1963). 

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

design (Sharples, 1999) by Mike Sharples, and an interview with the author, provided in the 

Appendix. Sharples was provided an early draft of this paper and invited to respond to a set of 

interview questions. The responses to the interview questions have been integrated with the paper. We 

chose this book as data for our research because it is the only book we have been able to find that 

treats the process of writing as both a process and as a cognitive act, mirroring the way that designing 

has been researched as a process (Braha & Reich, 2003; Jones & Thornley, 1963) and as a cognitive 

act (Visser, 2004). Design as a process and a cognitive act are the two dominant themes of design 

research (Chai & Xiao, 2012). In addition, while a broader base of literature exists that compares 

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

but rather a critical analysis of Sharplesô claims using recent citations from the design domain to 

contextualize the authorsô claims for our research community. Scholars associated with the research 

group with whom the author collaborated to produce the research informing this book came from 

disciplines including psychology, ethnography, computer science, and journalism ï which again 

mirrors the disciplines contributing to design research if we replace journalism with any of the 

disciplines associated with the practice of design such as architecture, industrial design, or 

engineering.  

We will review the two most intriguing claims made in Sharplesô book to test the assertion of the 

commonalities between writing and designing: 

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

2. Both writing and design use congruent methods and approaches to structure the process. 
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2 Overview of How we write: Writing as creative design 

Written as a book that explains writing from three perspectives ï cognitive psychology, media theory, 

and social constructionism ï How we write: writing as creative design by Mike Sharples is more an 

exposé about writing than it is an instruction manual on creative writing. The book is based upon 

research by the Collaborative Writing Research Group at the University of Sussex, UK. Separated 

into three parts, each analyzes writing from the following perspectives: i) cognitive psychology; ii) 

media theory; and, iii) social constructionism. Part One deals with creative writing as a mental 

activity. This part begins with an account of the cognitive development of writing in children and 

builds toward a general claim of writing as creative thinking guided by internal (i.e., self-imposed) 

constraints such as topic and style and external constraints such as grammar. Part Two presents a 

description of writing as supported by a set of methods and makes the strongest set of claims on the 

intersection between writing and designing. As Sharples makes clear in the Preface, ñMy own view is 

that writing is a process of design, a skill that is grounded in the way we use our intelligence to create 

and share things of meaning in the world.ò (Sharples, 1999, p. xii) Finally, Part Three describes the 

ways in which an authorôs social and cultural settings influences their writing. 

Across the three parts, Sharples makes four general claims about the intersection of writing and 

designing: 

1.   The process of writing is akin if not nearly identical to the process of designing except that writing 

produces a text and designing can produce everything that is not a text. For example, Sharples states 

that writing entails activities such synthesis and analysis and stages such as ideation, analysis, 

evaluation, and selection, activities and stages encountered in the process of design. 

2.   The mental processes of writing are similar to the mental processes in designing because both are 

mental activities that leverage the mindôs capacity for creativity to produce artifacts that are 

meaningful to others. While it is more likely the case that cognitive processes in designing (if 

designing is thought of as form-giving) emphasize mental representations that are spatial rather than 

linguistic (Finke, 1990), designing and writing may recruit similar cognitive skills and processes. 

3. Both writing and designing use methods and approaches to structure inherently open-ended and 

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

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

4. Both writing and designing are mediated by social processes that draw upon resources produced 

by others. Paraphrasing a statement on the formation of personal identity (Appiah, 2005), while 

authors and designers produce their own artifacts, it is other authors and designers who produce the 

artifacts that authors and designers will use to produce their artifacts. Designing involves 

stakeholders, technical conversations, and sometimes a client and a brief. Writing involves 

stakeholders (editors, agents, readers) and sometimes a client (publisher) and a brief (prospectus). 

While all four claims outlined above illustrate many similarities that run through the core of both 

writing and designing, in this paper, we will focus on claims 2 and 3 for the sake of brevity and since 

they are both non-obvious assertions that deserve greater explication. The following sections review 

claims 2 and 3 respectively, discussing the links between writing and designing as both a cognitive 

process and a set of methods used in practice. 

 

3 Cognitive aspects of writing and designing 

Interest in understanding the mental processes and structures associated with the process of design 

started from a broader program to develop intelligent software programs to automate the design of 

specific artifacts, if not entire classes of artifacts (Coyne, Rosenman, Radford, Balachandran, & Gero, 

1990). Inspired by foundational concepts from the field of artificial intelligence, research in the 
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mental processes and structures associated with designing came about primarily through an objective 

to develop computable models of a design and of designing (Gero, 1990). This area of research has 

come to be known as design cognition (Visser, 2004). The design cognition research paradigm views 

designing as essentially a cognitive activity, which entails the description of design practice through 

descriptions of cognitive processes rather than through descriptions of tools, methods, or processes. 

The fundamental theory espoused by the design cognition paradigm is that the structures and 

processes of cognition have causal importance in explaining designersô behaviors and outcomes. 

Design cognition researchers do not neglect the role of tools, processes, and social context; rather, the 

interest lies in understanding how cognitive processes intersect with the technical methods of design, 

such as the intersection between mental imagery and short-term memory while sketching (Bilda & 

Gero, 2007). Design cognition researchers theorize a set of cognitive processes salient to designing 

(Farrell & Hooker, 2013) such as abductive reasoning (Dorst, 2011) and evolutionary building blocks 

such as representation, recursion, and curiosity (Dong et al., 2017). 

Sharples (1999) expresses a similar interest in the mental aspect of writing. Based upon óthink-aloudô 

research about writing (Hayes & Flower, 1980), a research method widely used in the design 

cognition community (Ericsson & Simon, 1993; Lloyd, Lawson, & Scott, 1995), Sharples focuses on 

the mental processes associated with creativity in writing. His definition of creativity in writing 

exactly mirrors the definition of creativity used in design theory. According to Sharples, creativity in 

writing entails both originality and appropriateness. Appropriateness means that the content and style 

of the writing suit the authorôs audience and the purpose of the text. These are the same criteria 

applied to creative designs ï novelty and utility. Novelty in design is usually conceptualized as how 

unusual or unexpected a design is relative to others within its category. Utility is conceptualized as 

quality, the extent to which a design objectively meets its intended purpose according to some 

measures of goodness. Originality in writing is achieved by following the rules of grammar, or 

sometimes flexing and extending the expected conventions of style. Originality in design can be 

achieved by following the rules of a shape grammar (Stiny & Gips, 1972) or algorithms that transform 

and combine simple representations into original designs (Emdanat, Stiny, & Vakaló, 1999). 

However, the novelty of certain designs can also come from the deliberate bending of existing 

paradigms and questioning of established design guidelines, as seen in well-known examples in 

industrial design, typography, architecture, and the design of musical instruments (Lawson, 2006). 

The cognitive pathway to creativity in writing connects with the model of creativity as a 

psychological phenomenon as explained by C-K theory (Hatchuel & Weil, 2009). C-K theory 

proposes the existence of two spaces (mathematical sets): the concept space C and the knowledge 

space K. The knowledge space contains all true propositions and available knowledge. The concept 

space contains designs that may be true because it is not yet possible to prove that a particular design 

is true given the current knowledge space. As such, each design is a proposition. The process of 

designing transforms undecidable propositions (concepts) into true propositions (designs) in the 

knowledge space. In other words, the process of designing creates knowledge that makes the 

undecidable propositions in the concept space true. C-K theory proposes four operators that expand 

the C and K spaces until a true proposition (design) can be logically proven. 

These C-K spaces appear in Sharplesô explanation of a writer satisfying constraints in order to 

generate an appropriate text. (It should be noted that Sharples was unaware of C-K theory when 

writing his book.) Sharples identifies two types of constraints: internal constraints such as the authorôs 

self-imposed topic, and external constraints such as the style and structure of writing that would be 

meaningful to the audience. For example, an author can self-impose an interest in writing a news 

article on a specific topic, but, in writing for The New York Times, the author will adhere to the style 

stipulated in The New York Times Manual of Style and Usage. Sharples claims that writers start with a 

set of ideas represented in ña tangled web of associated concepts as an organised conceptual 
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spaceéthat can be systematically explored and transformed. (Sharples, 1999, p. 45). The ñorganised 

conceptual spaceò that Sharples cites are named the same as concept spaces in C-K theory. Ideas in 

the writerôs conceptual space have the same properties as propositions in C-space because ideas have 

attributes (words) ï they originate from a ñsearch through long-term memory for appropriate ideas 

and appropriate language to express each ideaò. Similarly, propositions in C-space have attributes that 

are the properties of a design such as its geometry or material. The K-space is what Sharples describes 

as internal and external constraints. The constraints, like the K-space, are what are known to be true or 

false about language, grammar, style, etc.; they guide (constrain) the writer in formulating a 

meaningful chain of ideas rather than a series of random, disconnected words. Designers retrieve ideas 

from long-term memory (Bilda & Gero, 2007; Del Missier, Visentini, & Mäntylä, 2015) and connect 

these ideas ñto define, constrain and clarify the problem space of the design task.ò (Goldschmidt, 

1995, p. 208) Likewise, writers ñinvoke conceptual spaces [emphasis added] relevant to the task and 

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

previouslyò (Sharples, 1999, p. 47) ï a transformation that is reminiscent of the C-K operators and 

their transformation of propositions in the C-space and knowledge in the K-space. Admittedly, C-K 

theory applies better to the writersô external constraints (as opposed to internal constraints) since 

much of the work that goes into the process of writing is concerned with satisficing internal 

constraints. Nevertheless, both writing and designing involve an exploration of these conceptual 

spaces to meet internal and external constraints. In sum, the model of thought theorized by C-K theory 

finds empirical support in Sharplesôs description of creative thought in writing, most likely since they 

are both underpinned by Herbert Simonôs notions of human problem solving and creativity as 

explorations within conceptual spaces (Newell & Simon, 1972). 

Sharples further elaborates on the fundamental processes of idea generation for writing in 

hypothesizing óstates of mindô associated with knowledge telling and knowledge transforming. 

Borrowing a taxonomy proposed by Gelernter (1994), Sharples hypothesizes that knowledge telling 

and knowledge transforming can either be low-focus or high-focus. High-focus thinking is associated 

with solving a particular problem whereas low-focus thinking is associated with inconsequential 

thinking associated with emotion. Given these dimensions, Sharples hypothesizes four óstates of 

mindô for idea generation in writing as shown in Table 1 (Sharples, 1999, p. 48). 

 

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

 Knowledge telling Knowledge transforming 

High focus Associational thinking Problem solving 

Low focus Idea flowing Daydreaming 

 

While there is no equivalent concept of óstate of mindô in design cognition, these four states could be 

mapped to the following concepts in design cognition: 

1. Associational thinking ï concept formation as the construction of ideas at increasing levels of 

complexity (e.g., Dong, 2006; Galle, 1996; Gero, 1998) 

2. Idea flowing ï a significant body of design cognition research addresses the effects of exposure 

to far-field, less-common examples during ideation (e.g., Chan et al., 2011; Fu et al., 2013; Tseng, 

Moss, Cagan, & Kotovsky, 2008) 

3. Problem solving ï the problem-solving paradigm in design (e.g., Goel & Pirolli, 1992; Simon, 

1995) describes the mental processes associated with problem-solving in detail 

4.  Daydreaming ï other than brainstorming (Osborn, 2001), in which it is shown that 

brainstorming is most effective when individuals work alone first and then share ideas in a group 

(Girotra, Terwiesch, & Ulrich, 2010), the most similar research would be avoiding design fixation 
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through incubation and forgetting (Smith & Linsey, 2011) though techniques for de-fixing fixation 

that involve re-representation and abstraction (Zahner, Nickerson, Tversky, Corter, & Ma, 2010) 

could be considered low-focus if these activities are undirected externally. 

It seems fair to say that categorizing states of mind as a way to distinguish cognitive pathways to 

creativity in idea generation would not neatly organize research on ideation in design given the very 

diverse perspectives on the cognitive psychology of creativity (Runco & Chand, 1995). Although 

Sharples does not review the cognitive psychology behind idea generation in writing, the reasonable 

overlap between his dimensions of creative thinking in writing and empirical research on idea 

generation in design allows us to conclude that empirical findings in the design cognition research 

will likely hold if the research were about writing instead of designing. One important difference 

stands out, though. The main difference in Gelernterôs high-/low- focus taxonomy and 

convergent/divergent thinking is the hypothesis that low-focus thinking is driven by emotion. 

Divergent thinking in design, and creativity, more generally, can be driven by many cognitive 

processes (Hernandez, Shah, & Smith, 2010) such as incubation, frame of reference shifting, and 

exposure to novel examples. The effect of emotion on a designerôs creativity has received very little 

attention other than the effect of emotions about past experiences as a trigger for novel ideas 

(Solovyova, 2003) and curiosity (Saunders, 2007). However, Sharples (1996) himself has critiqued 

the notion that emotion is the sole driver of creative imagination, and that other forces may shape 

creative thought in writing, much like in design. 

One topic on the mental processes associated with writing addresses that Sharples explores in depth 

but has received little attention in the design cognition community is the development of cognitive 

abilities for writing (or designing) in (neurotypical) children (cf., Dong & Heylighen, 2018). Sharples 

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

the ability to speak, they also learn to develop imaginary worlds. Learning indirectly through 

communication with parents, teachers, and older peers, they begin to learn simple genres such as a 

book story or a recounted event. For example, a child might be asked to relay a story about their 

recent birthday party. The most significant advances in cognitive skills occur when children learn to 

form ówhat nextô scenarios and to stop and reflect on their mental processes. Children between 10 to 

14 develop the ability to talk about their writing, which suggests that they are thinking about their 

thinking through ña mixture of engagement and reflectionò (Sharples, 1999, p. 24). Sharples calls this 

cognitive skills knowledge telling, the formation and pursuit of chains of mental associations, and 

knowledge transforming, the construction of mental spaces to be explored and transformed (Bereiter, 

1987). The closest analogous cognitive skills that have been studied in adult designers are mental 

simulation (Christensen & Schunn, 2009) and reflection-in-action (Schön, 1983; Valkenburg & Dorst, 

1998), respectively. In a review of the developmental psychology literature, Suddendorf and Dong 

(2013) conclude that the development of secondary representation and meta-representation skills 

(Perner, 1991) give us the ability to imagine an object that is not present and to see versions of the 

object in different contexts to imagine how they would perform. At about two years of age, children 

develop the secondary representation skill to represent the world independent from perception 

(pretend play). At about four years of age, children develop the skill to represent an object or situation 

simultaneously in different ways. They may find a TikTok video of a cat swatting away ornaments the 

catôs guardian recently put away amusing because they can represent the situation as a conflict 

between the catôs representation of the situation as a game and the guardianôs representation of the 

situation as a chore. The development of these representational skills allows us to imagine objects that 

are not bound by pre-specified characteristics and should be salient in the ability for writers to 

imagine the structure of texts in ways that defy conventional understandings. 
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4 Methods of writing and designing 

One of the most striking similarities between writing and designing lies in the reliance of tools and 

methods to help navigate an inherently ill-structured and open-ended process (Buchanan, 1992; Rittel 

& Webber, 1973). In fact, Sharples compares writing by dictation, a method of freeform writing, to be 

akin to walking in the dark. Similarly, design is often described as involving unclear goals and 

incomplete information (Voss & Post, 1988) and designers have to resolve conflicting requirements 

from stakeholders with competing priorities (Agouridas, McKay, & de Pennington, 2004). The 

uncertainty inherent in the design process shares many properties of walking in the dark, and decades 

of research and experimentation has led to the use of tools and methods to help designers grapple with 

this uncertainty. The use of tools to structure the highly unstructured process of both writing and 

designing can be attributed to the many shared properties between the two (written by Bryan Lawson 

in How Designers Think and cited by Sharples): they are both open-ended and cannot be fully 

specified; the process is endless; there is not an infallibly correct process to follow; the process 

involves finding and solving problems; it involves subjective judgment; it is a prescriptive activity; 

and, both designers and writers work in the context of a need for an action (they create change). 

For writers, these tools take the form of books, files, notes, word processors, notecards, and many 

other mediums ï all for the purpose of being signifiers of the writersô ideas ï external representations 

that convey meaning to the reader. Ideas live in the head until they can be expressed in the form of 

these external representations, and their expression is as varied as the type of medium used by each 

writer. While writersô media of choice are typically constrained by the need to adequately express the 

written word, designers have a much wider range of external representations and tools at their 

disposal. Design journals, drafting paper, whiteboards, sticky notes, and even computer aided design 

(CAD) software are all used to make external ñmarksò on the world during the design process. The act 

of creating external representations of ideas is so central to design that a wealth of research has 

explored the relationship between one of the most common methods of expression, sketching, on the 

design process. Some have even characterized sketching as the ñlanguageò of design itself, a process 

by which the designer dialogues between internal ideas and external representations of those ideas 

(Cross, 1999; Goldschmidt, 1991; Shah, Vargas-Hernandez, Summers, & Kulkarni, 2001; Tovey, 

Porter, & Newman, 2003). Beyond the use of tools for writers to express themselves, Sharples also 

briefly discusses the use of external resources such as reference books or colleagues to guide the 

writer in their efforts to effectively express their ideas effectively. One of the most ubiquitous 

reference books for writing is Strunkôs Elements of Style (2007), which has shaped generations of 

writers and readers, highlighting the power of these external resources during the process of writing. 

In design, the use of these external resources has received significant attention in the form of 

guidelines, heuristics, and principles, which seek to help the designer draw from a rich library of 

design knowledge. Well known examples of these external resources include Schneiderman and 

Plaisantôs 8 Golden Rules of Interface Design (2010), Normanôs 7 Principles (2013), and  Nielsenôs 

10 Usability Heuristics (1994). So ubiquitous are these external resources that undergraduate design 

programs often include them as standard training materials for novice designers. 

In considering the tools that both designers and writers use to externally represent their ideas, it 

becomes clear that much of the decision about which tool to use greatly depends on the context and 

need of the writer or designer. Sharples describes how writers have highly personal preferences for the 

tools used to capture their ideas, from the saturation of the ink used to write on paper, to the type of 

word processor used to compose text. So too do designers have highly personal preferences for design 

tools, albeit with more constraints in place by resources and established platforms used by 

organizations designers are in. Ferguson (1993) even discusses the different types of sketching used 

by designers: the thinking sketch, the prescriptive sketch, the talking sketch ï all of which serve 

different purposes during the design process. However, the variety and quantity of tools that exist to 
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help support writers and designers do not fully resolve the central dilemma that Sharples brings into 

focus in this book: that writing (and designing) are both subject to the tension between the ephemeral 

nature of ideas as they are formed in the mind and the inflexible nature of the written word (or sketch) 

once they are put down on paper. In this way, writers and designers both have to struggle to update 

ideas once they are externally represented since the very act of writing (or sketching) causes the 

designer to reflect on their idea, interpret it, and modify it. However, not all mediums are created 

equal in the ability to easily update and modify ideas once they are expressed. Sharples uses the 

example of a typewriter: it allows a writer to record the flow of words rapidly and easily in a 

conversational manner. However, revising the text once it is typed on the page is much harder. 

Similarly, designers sketching rough ideas on the back of a napkin will find that refinements and 

modifications to the sketches are prohibitively cumbersome. The advent of digital sketching tools, 

such as Autodeskôs Sketchbook, now allow designers to make use of visual layers to make stepwise 

modifications, and advanced editing tools allow the designer to make substantial changes, such as line 

color or texture, rapidly and with minimal effort. Despite this, the use of these digital tools is not 

without constraints, and designers must work within the bounds of feasible editing actions available 

within these platforms. 

While many frameworks for characterizing the process of both writing and designing exist in the 

literature, Sharples broadly classifies the activities involved into three main categories: planning, 

composing, and revising. In planning, the writer is focused on creating an outline and intention for 

content to be written. Unlike the romantic vision of a lone writer sitting down to compose a novel in a 

single sitting, Sharples provides compelling evidence that successful planning activities are key to 

intentional writing and significantly impact the quality of the final outcome. Similarly, designers or 

teams of designers who proactively perform background research into their users, competitors, and 

project constraints can plan their design activities more strategically, utilizing the resources available 

to them to make the best decision in their given design context. In the literature, this planning stage 

occurs during the conceptual design stage, and is of immense importance to the success of design 

activities, so much so that it is said that 60-80% of design costs are typically committed to this process 

(King & Sivaloganathan, 1999). Two types of planning methods are discussed by Sharples as being 

used by writers. The first is mind-mapping, a process of linking associated concepts together in a 

visual layout to help organize networks of thoughts and keep writers organized during this stage. 

While mind-mapping is not a formal tool used in design, the use of associational thinking bears a 

striking resemblance to the use of computational tools for encouraging idea generation (Hu, Ma, Feng, 

& Peng, 2017; Siddharth & Chakrabarti, 2018). Another well-established method of planning used in 

writing is developing outlines, typically in the form of bullet points describing the content to be 

covered in the writing. While the structure of such outlines is clearly specified for producing written 

text, designers have their own methods of ñoutliningò the design process, or the intended design 

activities to be engaged with, such as developing a Project Requirements Document (PRD), MoSCoW 

Prioritization Plans (Waters, 2009), and product specifications (Ulrich & Eppinger, 2016), to name a 

few. Regardless of the design framework or planning method used, the core purpose of these planning 

methods is to enable the designer to strategically allocate resources to different stages of the design 

process to maximize their chances of producing successful design outcomes. 

 

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

and transfer them to written language using a medium of their choice. However, this process of idea 

generation does not happen in a vacuum, as illustrated by the diagram shown in Figure 1 from 

Sharplesôs book. 

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

of understanding the world) into a written language, which is then interpreted by the readersô own 

mental schemas, integrated into their own personal experience of being in the world and reading the 

written text. In this way, the written artifact is subject to both the experience of the writer and the 

reader and can never be experienced objectively in both directions. This is not dissimilar to theory of 

design posited by Norman (2013), which states that the designerôs mental model is manifest in the 

artifacts that they design, and how these artifacts in turn are interpreted by users is subject to their 

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

 
 

 

 

 

 

 

 

 

 

 

 

 

 

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

 

These two mental models (the designersô and the usersô) do not always align, and therein lies one of 

the central challenges of design: to design artifacts that can be interpreted accurately by users who 

themselves have their own narrative of how the world ought to work to create seamless and effective 

user experiences. This is an active process on the part of the designer and user, similar to how 

interpretation of a text sometimes requires mental effort by the reader to relate to the written meaning 

and the writersô own experience. 

Sharples takes this process of expression and interpretation one step further and asserts that writers 

themselves interpret their own written word once it is externally represented, and that writersô own 

understanding of their ideas shift once they interpret it on the written page. In this way, the act of 

composing is essentially captured through cycles of writing, interpreting, and revising to approach a 

state in which the written word on the page more closely resembles the writersô idea of what it ought 

to be. This cycle closely resembles the cycle of action and reflection (Schön, 1983; Valkenburg & 

Dorst, 1998), where designers use their metacognitive abilities to reflect on design activities while in 

action. This type of ñknowing in practiceò has been documented in Schön (1983) work on design as a 

reflective practice, where designers are especially sensitive to the effects of their actions amidst 

designing and use this awareness (often in a tacit way) to guide their actions in uncertain and 

ambiguous situations (as is common in design). 

The last stage of writing that Sharples describes is revising, wherein the composed text is then 

analyzed and modified to fit the goal of the writing task itself. Like design, there is a psychological 

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

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

where designers are reluctant to change their designs substantially, even in the face of evidence to the 
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contrary, because of the amount of resources (time, energy, emotion) sunk into the initial design. Even 

if certain designs bear smaller costs to change (software code), the emotional investment into the 

design itself poses significant barriers to changing directions or removing large portions of already 

developed concepts. This is a challenging phase of the writing process, and Sharples notes that experts 

are more competent at revising than novices: they revise more, and their revisions are better. 

Similarly, studies exploring expert designer behavior show that expert designers iterate more and 

reinterpret the problem and solution concurrently until a good ñfitò is discovered (Dorst, 2019). 

Expert designers are also able to use more complex reasoning about design at higher levels of 

abstraction, which helps them transform declarative knowledge into procedural knowledge for 

recognizing solutions, resulting in better outcomes at the end of the process of iteration (Adelson & 

Soloway, 1985; Akin, 1990). The value of revising based on interpretation, called recursion by 

Sharples, is realized through the generation of new ideas that often are better aligned with the writerôs 

goals. Indeed, the value of critique in design has long been recognized (Costantino, 2015) for its 

ability to help guide design decisions while they are being made and can enhance design education. 

All the steps in the writing process that Sharples described are framed as the foreground for the 

backdrop of the writerôs own personal attributes that can affect this process. Namely, writersô 

behaviors and attitudes about writing can play a significant role in their process of writing. Factors 

such as personality traits can affect writersô attitudes, and motivation and apprehension can interact to 

create problematic behavior in writers, such as procrastination and fear of failure. These behaviors are 

very familiar to de- signers who face a similar apprehension about rejection of ideas that they have 

invested time and effort in. The impact of biases such as Ownership Bias have been studied in design, 

and research has shown that (Cooper and Lucas, 2006) designers place more value on their ideas over 

the ideas of others, and this can have negative effects on objective decision-making in design (Toh, 

Strohmetz, & Miller, 2016). Other similar themes are found throughout the engineering design 

literature, with studies exploring the impacts of personal attributes such as personality traits (Toh & 

Miller, 2016), cognitive style (Buffinton, Jablokow, & Martin, 2002), and self-efficacy (Starkey, 

Hunter, & Miller, 2018) on designer behavior and outcomes. Both writing and designing share a core 

trait of requiring a designer to put substantial investments into endeavors that have inherently 

uncertain outcomes, risking rejection and failure. These are vulnerable acts of creation that call upon 

the writer or designer to trust in their ability to navigate the unstructured process with courage. As 

Sharples wrote, ñBeing a writer is, above all, having control over how you write and trust in your 

ability to make progress.ò (Sharples, 1999, p. 128) So too must designers when faced with the 

ambiguity and uncertainty of the design process. 

 

5 Conclusions 

This article presented a review of a book to claim that writing is a process of design and therefore 

writers are ipso facto designers. The article reviewed the evidence behind this claim by presenting 

empirical research in the field of design theory. The act of designing, like the act of writing, envisions 

a future world that does not yet exist and reifies that world in semiotic form. 

While this paper focused on the research on writing as designing from a single book and its author, 

new research has explored how a conceptualization of writing as design can be applied in areas as 

diverse as childrenôs collaborative writing (Vass, Littleton, Miell, & Jones, 2008) and computational 

creativity (Alvarado & Wiggins, 2018). An important and growing area of research is in multimodal 

writing ï to understand how visual design and imaginative writing can be combined to communicate 

meaning and achieve effects. New tools and form factors, such as multimedia smartphones, have 

prompted research into visual and informational design of texts for multiple devices (Ling, Fortunati, 

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

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

The paperôs main thesis that writing is a process of design and therefore writers are ipso facto 

designers leads to two implications. First, there is value in showing and teaching the commonalities of 

writing and design. Theories from writing, such as narrative cognition, high and low focus thinking, 

engagement and reflection, and the materiality of writing practices can inform design thinking, and 

theories from design such as primary generators, design spaces, visual balance, and design patterns 

can inform writing. Skills such as ideation, brainstorming, storytelling, iteration, prototyping, 

reflection and revising underpin both practices. The challenge in design education will be to show 

students how these theories and practices mesh together (or not) to support the differing fields of 

creative writing, engineering design, product design, and software design. 

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

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

a prototype artefact. Storytelling in design could be explored further to include shared stories about 

the design process, storytelling as design, and the rhetoric of storytelling in design (Stevenson, n.d.; 

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

is a subtractive process (it gets to the essence of the design), an expansive process (it embellishes 

designs with stories of possible use) or a rhetorical process (it persuades people to óbuyô a design), or 

all three. Perhaps this heralds a new field of ñnarrative designò (already established in videogame 

design) where powerful emerging tools such as Wu Dao 2.0 (Romero, 2021) allow creative 

exploration of narrative and visual design. 

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

of the intentional creation of cultural artifacts, and provide a foundation for understanding how, like 

mathematics, the design discipline can position itself as a central language for creative and generative 

disciplines. If all forms of communication modes such as language, mathematics, visual art, and, more 

broadly, semiotics, are all forms of design itself, it becomes possible to cast many disciplines as a 

form of design. Doing so does not make everything a practice of design. Rather, to view other 

practices as akin to the practice of design suggests that the thought processes and methods of design 

should, rightly, be construed as uniquely valuable. In other words, design thinking is as distinct and 

valuable as other established modes of thinking such as critical thinking, scientific thinking, and 

systems thinking, to name a few ï and yes, writing. Rather than devaluing design thinking because of 

the ubiquity of its application, our position elevates design thinking as a unique and powerful mode of 

thinking that can be utilized by many disciplines (such as creative writing) in the same way that 

mathematics is regarded as a central language in science, engineering, economics, and many other 

disciplines and practices. 

For centuries, the purpose of the academic essay has been to encourage ówriting thinkingô ï to enable 

students to expand a thesis, challenge assumptions, clarify arguments, exercise critical judgment, and 

examine multiple perspectives (see e.g., Fitzgerald (1994)). Writing thinking is at the core of 

intellectual life in some of the great traditional universities. Perhaps, as ówriting thinkingô has become 

less fashionable, it has been replaced by applying ódesign thinkingô more widely. In short, design 

thinking has become core to intellectual life because the cognitive skills and processes associated with 

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

 
We provided Mike Sharples with a draft of this paper in preparation for this interview. The following 

are questions posed to Sharples and his typewritten responses. 

ñSince the publication of your book How we write, what new research strengthens or weakens the 

claims you made about writing as creative design?ò 

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

writing as design can be applied in areas as diverse as childrenôs collaborative writing (Vass et 

al., 2008) and computational creativity (Alvarado & Wiggins, 2018). An important and 

growing area of research is in multimodal writing ï to understand how visual design and 

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

and form factors, such as multimedia smartphones, have prompted research into visual and 

informational design of texts for multiple devices (Ling et al., 2020). All these strengthen a 

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

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

inform new ways to write for multiple media. 

 

ñThe key question raised by this Design Thinking Research Symposium is that óit is no longer clear 

what exactly design means and how well it is served by the expansion of its boundariesô. Do you 

think that making the claim that writing is (like) designing expands or sharpens the boundaries of 

what it means to be a designer or the practice of design?ò 

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

how some central concepts such as ódesign thinkingô and óprimary generatorô and can be 

applied in creative writing and so expands the boundaries of these concepts. The claim that 

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

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

both practices. 
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ñThe field of design has grown tremendously in popularity especially with the coining of the term 

ódesign thinkingô ï which is stated in the name of the conference at which this paper will be 

presented. Why do you think it is that there is no equivalent concept of ówriting thinkingô?ò 

I suggest there is the construct of ówriting thinkingô, itôs just not described as such. For 

centuries, the purpose of the academic essay has been to encourage ówriting thinkingô ï to 

enable students to expand a thesis, challenge assumptions, clarify arguments, exercise critical 

judgment, and examine multiple perspectives (see e.g., Fitzgerald (1994)). Writing thinking is 

at the core of intellectual life in some of the great traditional universities. Perhaps, as ówriting 

thinkingô has become less fashionable, it has been replaced by applying ódesign thinkingô 

more widely. 

 

ñGiven that the core proposition of your book is that writing is like designing, what research would 

you like the design thinking community to perform that would explore this relationship deeper, and 

what would the contributions of such research be?ò 

I would love to see the design community explore storytelling in more depth. If I were 

authoring How We Write now, I would cover recent research into storytelling (e.g., Storr 

(2020)), including neuro-cognitive processes of storytelling, and the suggestion that language 

evolved from storytelling, not the reverse (Ferretti et al., 2017). If storytelling pre-dates 

language, then it can be seen as an early design practice (the first storytellers were mime artists 

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

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

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

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

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

gets to the essence of the design), an expansive process (it embellishes designs with stories of 

possible use) or a rhetorical process (it persuades people to óbuyô a design), or all three. 

Perhaps this heralds a new field of ñnarrative designò (already established in videogame 

design) where powerful emerging tools such as Wu Dao 2.0 (Romero, 2021) allow creative 

exploration of narrative and visual design. 

 

ñThere has been a tremendous amount of debate in evolutionary psychology on the origins of the 

human abilities for language, which, as you state in the book, precede writing. Why do you think 

that there has not been an equivalent debate about the origins of the cognitive skills needed to 

design?ò 

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

One obvious issue is that we can only study the evolution of design through the surviving 

artefacts, such as arrow heads. I like the way that Moore has studied the experiences of 

modern experimental knappers to understand the design space and make assumptions about 

tool design by hominin stoneworkers. Moore suggests that the physical constraints of materials 

enforced boundaries on design spaces and influenced the emergence of design cognition and 

practice. 

 

ñExtrapolating from your central claim that a writer is a designer, do you think we could educate 

better writers by teaching design skills? And, conversely, do you think we could educate better 

designers by teaching writing skills?ò 

I think it is valuable to show and teach the commonalities of writing and design. Theories from 

writing, such as narrative cognition, high and low focus thinking, engagement and reflection, 
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and the materiality of writing practices can inform design thinking, and theories from design 

such as primary generators, design spaces, visual balance, and design patterns can inform 

writing. Skills such as ideation, brainstorming, storytelling, iteration, prototyping, reflection 

and revising underpin both practices. The challenge is to show how these theories and 

practices mesh together (or not) to support the differing fields of creative writing, engineering 

design, product design, and software design. 
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Abstract. This paper examines the shared semantics among diverse Design definitions to identify its semantic 

core and discusses several dilemmas that make a clear boundary for defining Design difficult and multifaceted. 

The research provides evidence that there is a diverse understanding and usage of the term Design. However, 

shared word-groups inherent in the definitions provide a family resemblance or bundles of interpredictable 

attributes for a shared comprehension of Design. Furthermore, a thematic analysis revealed five dilemmas, 

including Complexity, Zeitgeist, Expertise, Identity, and Disciplinary Perspective, making defining Design 

multifaceted. While activities and practice differ in diverse disciplines, the fundamental human capacity of 

productive or design thinking of determining a purposeful and meaningful (end) design (means) is shared among 

diverse professional disciplinary practices.  

 

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

 

 

1 Introduction  

In 1965, Tomas Maldonado (1965) expressed his concern about the meaning of the word ñdesignò and 

that it ñhas been strangely corrupted by general usage.ò Today, one explanation for recent conflation 

surrounding the definition of design thinking is proportional conflation within contemporary 

definitions of Design. A definitional consensus of the terms design thinking and Design loses fidelity 

through semantic creep hastened further with each invocation. The graphic designer questions when 

an engineer characterizes themselves as a designer. The design engineer then disputes when the 

organizational designers make similar claims. Tension ensues. Any meaningful expansion of the 

frontier of Design ought to first ascertain those forces causing expansions and contractions of its 

boundaries. A valuable first step is redirecting attention currently focused on the dynamism of 

Designôs definitional edge to instead refocus on its comparatively stable core. Shared characteristics 

or among different definitions from diverse disciplines may provide increased clarity into the 

universal characteristics of all forms of Design. However, the semantic categorization of the term 

Design may not have a common feature among different disciplinary definitions. They instead have a 

family resemblance as they are related to one another through overlapping several similarities and 

connected in different ways (Wittgenstein, 1953). The semantic categorization of a specific way of 

acting or thinking into ñDesignò is used in diverse disciplines as it corresponds to bundles of 

interpredictable attributes (Rosch & Mervis, 1975). Importantly, the consideration of what is design 

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

This research aims to spark a conversation about the meaning of Design and asks: What are the 

similarities and differences between diverse definitions of Design? 

The primary data set for this investigation is compiled from individuals with diverse disciplinary 

backgrounds who have shared insights and perspectives on the parent domain of Design. These 

seventy-seven definitions are based on all four orders of design, including graphic design (first-order), 

architecture and engineering (second-order), interaction design (third-order), and organizational and 
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business design (fourth-order) (Buchanan, 1992). The statements canvassed by authors, who 

themselves may be practitioners, educators, historians, or scholars on Design, form the dataset to 

analyze the core and peripheral of what Design is. This paper discusses the (1) characteristics shared 

among diverse Design definitions and (2) the dilemmas preventing clear boundaries for defining 

Design. This research contributes by explicating shared concepts and terms among diverse Design 

definitions and discusses the various dilemmas of why establishing definitional boundaries for Design 

is difficult. This paper closes with insights and implications for design thinking, design research, and 

design practice, emphasizing the need for clarifying the studied construct beyond the use of the 

overarching term: Design.  

 

2 Background  

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

shaping of its body of knowledge and its practices remain in flux. In sociology, Thomas Kuhn (2012) 

examined how disciplines structure shared principles, norms, and understanding into a paradigm. 

However, Design evolves at a constant pre-paradigmatic phase resisting the fixing of definitional 

boundaries (Verganti, 2009). Design contains many connotations and has been corrupted by general 

usage (Maldonado, 1965; Moholy-Nagy, 1969). It describes the primary characteristics of humans, 

human attitudes, everyday activity, and professional practice (Lawson & Dorst, 2009; Moholy-Nagy, 

1969; Protzen & Harris, 2010). Design practices are continuously evolving and expanding, and with 

them, the definition and understanding of design. Bruce Archer (1965) expressed, ñ[...] there has been 

a world-wide shift in emphasis from the sculptural to the technological. Ways have had to be found to 

incorporate knowledge of ergonomics, cybernetics, marketing, and management science into design 

thinking.ò The design of human interactions with interactive systems emerged with personal 

computing and information and communication technologies (Card, Moran, & Newell, 1983; 

Moggridge, 2007; Norman & Draper, 1986). In business management, establishing organizations 

based on specific design qualities resulted in innovation management approaches (Auernhammer & 

Roth, 2021; Brown, 2009; Martin, 2009). However, each claim by a ñnon-traditionalò discipline 

presents a new dilemma for ñtraditionalò design disciplines, who collectively question this expansion 

of inclusionary understandings of Design when compared against disciplinary definitions.  

László Moholy-Nagy (1969) expressed that ñthe designer must see the periphery as well as the core, 

the immediate and the ultimate, at least in the biological sense. [Sh]e must anchor [her/]his special job 

in the complex whole.ò The same applies to design research. Design researchers must see the core of 

Design and its fuzzy periphery to place their findings and insights within the complex whole. 

Therefore, the investigation presented in this paper examines diverse definitions of Design to identify 

valuable shared characteristics forming Designôs semantic core and its fuzzy periphery. 

 

3 Methodology  

The research is designed to identify shared characteristics among different definitions of Design from 

different designers, design scholars, researchers, and historians. We employed a systematic search to 

identify and capture diverse Design definitions. 

 

3.1 Data collection 

We searched for ñdesign isò and ñ[FIRST NAME] [LAST NAME]ò on search engines, including 

Google and Google Scholar, to capture general, practitioner, and academic perspectives on the 

definitions of Design. We furthermore examined several books by design authors to identify Design 
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definitions to collect diverse perspectives from different fields. We collected over two hundred thirty 

statements, examined each statement, and categorized them as either a definition or a description. 

While discerning the textual dataset, definitions were found to speak directly to requirements and 

attributes of Design operations, whereas descriptions instead spoke to only a particular attribute, 

property, effect, or result. Therefore, we included the definitions and excluded the more detailed 

descriptions. The resulting definition included seventy-seven statements from individuals with diverse 

disciplinary backgrounds, representing the four orders of design (Buchanan, 1992). The seventy-seven 

statements were included in this analysis. 

3.1.1  Sample bias and limitation. A limitation of this research is the focus on definitions in the 

English language, excluding a large amount of diverse cultural perspectives and semantic meaning. 

Furthermore, the data sample incorporates selection bias as definitions were searched by the 

researchers selecting specific authors. The data sample also incorporates a gender, cultural, and 

ethnicity bias of which there is no self-identified data available.  

3.1.2 Table 2 outlines the diverse disciplinary backgrounds of definition authors, including a 

categorization of the four orders of design as outlined by Buchanan (1992). The limitation of this 

paper is that it includes a limited number of definitions, which are not providing a complete picture of 

the semantic meanings of Design. 

 

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

Disciplinary Background  Count (person) Order of Design  

Design Education, Methodology, Research  25 general  

Engineering, Industrial, Product Design 18 second 

Architecture, Interior, Urban Design 10 second  

Business Design, Economics 8 fourth 

Communication, Graphic Design 7 first 

Electrical, Structural Engineering 3 second  

Computer Science, Interaction Design 4 third  

Textile, Fashion Design 1 second 

Others (Journalism, Psychology) 3 n/a 

 

3.2 Data analysis  

The data was analyzed through three different analysis techniques. First, we employed the 

software Leximancer to identify inherent concepts in the definitions. Leximancer allowed 

investigating the qualitative data through unsupervised semantic mapping of natural language to 

map concepts inherent in the dataset (Smith & Humphreys, 2006). The visualization of the 

findings is presented in Figure 1, and the identified main concepts are listed in Table 3. Secondly, 

we analyzed the definitions through a word count analysis to reveal shared words among the 

different definitions.  

Table 4 shows the shared word groups with the highest frequency (word count of six and higher). 

Lastly, we analyzed the definitions and descriptions to identify emergent themes that make the 

boundaries of Design challenging to define. Table 5 outlines the five emergent themes that are 

discussed controversially in the various Design definitions. 

 

4 Findings 

The data analysis revealed several (1) concepts, (2) shared terms, and (3) themes of dilemmas inherent 

in the Design definitions. This section first discusses the revealed concepts identified through 
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unsupervised semantic mapping of natural language with Leximancer. Secondly, the top shared terms 

are outlined and discussed to provide a semantic core of the meaning of Design. Lastly, the identified 

themes of dilemmas are summarized, explaining why the definition of Design has various fuzzy 

boundaries. 

 

4.1 Concepts inherent in the Design definitions  

The semantic mapping of the natural language of the Design definitions revealed the inherent 

concepts. Figure 1 shows the interconnected concepts within the diverse Design definitions.  

  
Figure 1. Visual representation of concepts inherent in the Design definitions. The figure shows a visual 

representation of the themes as a conceptual map from the Leximancer analysis of the design definitions. The 

map shows three distinct main patterns: (1) process, problem, goals, makes, and world; (2) things, means, 

distinct, class, and art; (3) activity and plan    

 

A more detailed analysis revealed that design is conceptualized as outlined in Table 3. The inherent 

themes in the design definitions are ñChanging Worldò and ñChanging Situations.ò Unsurprisingly, 

thirteen definitions conceptualize Design as changing situations and the world. Furthermore, Design is 

conceptualized as ñPlan Function,ò ñAnalysis Process,ò and ñMaking Meaning.ò Design is planning 

for a specific purpose, analysis process of a goal, problem, and solution, and making sense and giving 

meaning to things. The themes in the design definitions also include ñActivityò of planning for 

bringing about a specific change, ñPlanning Makingò of making meaning, and ñNature Designò and 

ñSolution Used.ò  

The analysis revealed the different themes and main conceptions inherent in the Design definitions. 

Table 3 shows that only seven and below definitions share semantic meaning, revealing that there is 
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not a dominant conceptualization of Design inherent in the diverse definitions. We further employed a 

word group frequency analysis to reveal the most used words in the definitions of Design. 

 

Table 3. Main concepts inherent in the definitions of Design (unsupervised semantic analysis - Leximancer) 

Topic Freq.  Concepts Example Definition  

Changing World 7 World : change, changing, 

materials, shape, thinking,  

ñDesign is really a way of looking at the 

world with an eye toward changing it.ò 

Plan Function 7 Function: plan, purpose, 

specific 

Plan: purpose, specific 

Purpose: specific 

ñ[é] Design [i ]s a plan for arranging 

elements to accomplish a particular purpose.ò 

 

Changing 

Situations 

5 Changing: class, situation, 

situations, environment, 

means  

Class: situation, situations, 

environment, means 

Situation(s): situations, 

environment, means  

ñThe whole class of situations means that the 

experienced environment is constantly 

changing, but nevertheless the object must 

always be just as good a solution, or fit, to 

the situation.ò 

 

Making Meaning  5 Meaning: making, sense, 

things, giving, means 

Making: sense, things, 

giving 

Sense: things, means 

Things: giving 

ñThe etymology of design goes back to the 

Latin de + signare and means making 

something, distinguishing it by a sign, giving 

it significance, designating its relation to 

other things, owners, users, or gods. Based on 

this original meaning, one could say: design 

is making sense [of things].ò 

Analysis Process  4 Process: analysis, goals, 

problem, solutions 

ñThe premise is that designing is a 

combinatorial problem-solving process in 

which analysis of a body of available 

information (which must first be collected) is 

used to generate candidate solutions to the 

problem, or to subproblems. Candidate 

solutions are compared and assessed, and the 

most appropriate solution is then selected.ò 

Activity  4 Activity: bring, plan, 

specific, change 

ñDesignô is a fundamental human activity, as 

well as the name of a number of quite 

specific professions.ò 

Planning, 

Making 

4 Planning: making, meaning, 

means 

ña particular purpose held in view by an 

individual or group; deliberate, purposive 

planning; a mental project or scheme in 

which means to an end are laid down.ò 

Nature Design 4  ñDesign is a circumstantial act. It is a battle 

with the nature of man, with the nature of 

nature, with the laws of nature, with the rules 

of [hu]man, and with principles.ò 

Solution used  

 

4 Solutions: used, analysis, 

problem  

Used: analysis, problem 

ñDesign is a multi-answer situation, and 

analysis is used to reach an end, not for its 

own sake.ò 

 

 

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

Table 4 shows the word groups with a word count of six or higher. 

 

 

Table 4. Word frequency analysis of the definitions of Design 

Word Count Similar Words 

design 153 design, designating, designed, designer, designers, designing, designs 

making 22 make, makes, making 

plan 21 plan, planning, plans 

process 19 process, processes 

things 15 thing, things, thingsô 

using 15 use, used, useful, usefulness, using 

arts 15 art, arts 

new 14 new 

purpose 14 purpose, purposeful, purposes, purposive 

human 14 human, humanities 

problem 14 problem, problems 

products 13 product, production, productive, products 

action 12 action, actions, act, acts 

industrial 11 industrial, industrially, industry 

situations 11 situate, situation, situations 

forms 11 form, forming, forms 

activity 10 activities, activity 

change 10 change, changed, changes, changing 

function 10 function, functional, functionality, functions 

way 10 way, ways 

world 10 world 

materials 9 material, materials 

solutions 9 solution, solutions 

means 9 meaning, means 

objects 9 object, objects 

nature 8 naturally, nature 

specific 8 specific, specification 

creating 7 create, creates, creating 

needs 7 need, needs 

technology 7 technological, technologies, technology 

language 6 language 

order 6 order, orderly 

sense 6 sense, senseô 

solving 6 solve, solving 

towards 6 toward, towards 

living 6 live, lives, living 

creative 6 creative 

people 6 people 

something 6 something 

 

The most shared terms are ñmaking,ò ñplan,ò and ñprocess.ò Making emphasizes that design 

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

consideration of pre-action and making representations of the designed (situated) artifact, while the 

process highlights the semantic meaning that Design is a series of sequenced actions taken to achieve 
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a particular end. However, there is not a clear conceptualization and shared terms among the design 

definitions. For example, ñmakingò is shared among eighteen definitions, representing around 

23.38%. For this reason, establishing the definitional boundaries of defining Design remains difficult. 

 

 

4.3 Themes of boundary dilemmas 

The thematic analysis of the dilemmas inherent in the Design definitions and descriptions revealed 

five themes, as shown in Table 5. These dilemmas explain why Design has fuzzy boundaries, 

representing the peripheral of Design definitions. 

 

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

Theme Codes Example Quote 

Complexity  Mystification  

Complex 

[industrial design] is the only profession that became a 

myth before it reached maturity (Nelson, 1965). 

Zeitgeist Historical context  

Cultural context  

 

Design is reflective of its social, historical, and regional 

culture of production. This is manifest in specific 

cultural influences on the designer (Micklethwaite, 

2002). 

Expertise Everyday design  

Attitude  

Profession  

óDesignô is a fundamental human activity, as well as 

the name of a number of quite specific professions 

(Lawson & Dorst, 2009). 

Identity Not Art  

Not Science  

Combination of Art and Science  

Distinct from Art and Science  

 

Design is a new liberal art of technological culture that 

has the capacity ñto connect and integrate useful 

knowledge from the arts and sciences alike, but in ways 

that are suited to the problems and purposes of the 

present (Buchanan, 1992). 

Disciplinary 

Perspective  

Focus on function / fit 

Focus on aesthetics  

Focus on communication  

Design as search  

Design as exploration  

Designing is not a search for the optimum solution to 

the given problem, but that it is an exploratory process. 

The creative designer interprets the design brief not as 

a specification for a solution, but as a starting point for 

a journey of exploration (Cross, 2011). 

 

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

the flexibility, adaptability, and evolution inherent in the creative practice of Design. Designers and 

design scholars avoid the ridged definition, which leads to the mythification of Design. Similarly, the 

Zeitgeist dilemma produces fuzzy boundaries as Design depends on historical and cultural context and 

is constantly evolving. Different technological possibilities and cultural values at specific points in 

time and place influence and determine the design practices. Further complexity is that Design is both 

an everyday activity and a professional practice, making the boundaries to define Design fuzzy. This 

complexity is the Expertise dilemma of who designs. Another theme is the Identity dilemma. 

Designers and design scholars debate that Design is neither Art nor Science or a combination of both. 

Related to this theme is the Disciplinary Perspective dilemma. The rational technical disciplines 

emphasize process, function, and goal orientation, while the humanistic artistic disciplines emphasize 

exploration, culture, aesthetics, and needs. These different dilemmas produce a fuzzy boundary for 

defining Design. 

 

5 Discussion: What is Design? 
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The investigation of the semantic core and peripheral of diverse Design definitions revealed diverse 

conceptualizations within the definitions. Therefore, we are using a metaphor for visualizing the 

findings through a method used to measure peripheral vision to illustrate the semantic core and 

peripheral of Design definitions, as illustrated in Figure 2. 

The semantic core incorporates the shared words, such as making, plan, and process, and the 

peripheral is represented by the dilemmas that make it challenging to define a clear boundary for 

defining Design.  

 

 
Figure 2. A visual metaphor for the core and the peripheral of the definition of Design. The word-groups are 

listed according to their frequency, as shown in  

Table 4. The word groups with a higher frequency represent the ñcore,ò while the ñperipheralò is represented by 

the themes that prevent a clear definition of Design  

 

 

5.1 The Core: Shared conceptualization of Design 

We interpreted the central conceptualization and shared keywords, which allowed explicating a 

semantic core of meaning and definition of Design. The first aspect indicates that Design is a set of 

specific óactivities,ô a óway,ô and a óprocess.ô The second aspect is that designing incorporates various 

embodied cognitive activities, such as ócrafting,ô ómeaning-making,ô and óproblem-solving.ô These 

activities have the aim to establish ónewô and ópurposefulô óchange.ô The last aspect is that Design is 

not an óendô by itself but a ómeans to an endô to satisfy óneedsô and nurture ónature.ô These word-

groups do not provide a general definition. However, they provide the corresponding bundles of 

interpredictable attributes (Rosch & Mervis, 1975). These attributes span epistemological (ways of 

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

Design. 

5.1.1   Activity, way, and process. At the core, design is an activity, way, and process, representing 

different ways of designerly knowing (Cross, 1982). Tom§s Maldonado expressed that ñIndustrial 
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design is a creative activity whose aim is to determine the formal qualities of objects produced by 

industryò (Verganti, 2009). It is a ñgenerative, transformative actò (Goldschmidt & Porter, 2004). This 

ñgenerative activity is about creating orderò (Sara Turnbull). This view of design as an activity is 

grounded in a pragmatist epistemology (Dewey, 1938). Design also incorporates a specific way of 

looking at the world. ñ[D]esign is really a way of looking at the world with an eye toward changing 

itò (Warren Berger). ñIt is a way of creating art that functionsò (Michael Vanderbyl). ñ[D]esign is all 

about ódefining a sensible way of buildingôò (Ove Arup). Such a view of design, such as sensemaking, 

is inherent in an experiential and constructivist epistemology (Arnheim, 2004; Piaget, 1981). Lastly, 

the process view of Design is based on a structuralist epistemology (Selz, 1922; Wallas, 1926). ñ[I]t is 

about the process of turning ideas into realityò (Gorb & Dumas, 1987). ñDesign is the creation process 

through which we employ tools and language to invent artifacts and institutionsò (Owen, 1998).  

5.1.2 Diverse activities. Design incorporates creativity, planning, forming, crafting, making 

meaning, sense-making, creating order, analyzing, and solving problems. ñDesign is the creative 

thinking process of delivering innovationò (Sohrab Vossoughi). It is ñdeliberate, purposive planningò 

(Ken Friedman & Erik Stolterman). It ñis a matter of composition, of the integrated relation of all 

constituent parts in forming a wholeò (Dewey, Boydston, & McDermott, 2008). ñ[W]here 

craftsmanship joined with technology through the use of designò (Florence & Hans Knoll). ñ[D]esign 

is making sense [of things]ò (Krippendorff, 2006). It ñis not about an aesthetic style, but problem-

solvingò (Robby Johnston). Design incorporates many complex embodied cognitive activities (design 

thinking) and actions (design practices) in generating change.  

5.1.3   New and purposeful change. This change is new and purposeful. ñItôs about creating new 

choices, not just choosing from things that already existò (Tim Brown). ñThe central concern of 

Design is óthe conception and realisation of new thingsôò (Cross, 1982). It is ña plan for arranging 

elements to accomplish a particular purposeò (Ray and Charles Eames). Milner Gray states that 

ñdesign is an intention, purpose, plan and that good design is therefore by inference, where such plan 

has been well conceived, well executed, and of benefit to someoneò (Moggridge, 2007). Such new 

and purposeful change is an end accomplished by a means.  

5.1.4   A means to an end. Design is a means, including technology, objects, and things, to establish an 

end for the living world. ñTo design is to plan and to organize, to order, to relate and to control. In 

short, it embraces all means of opposing disorder and accident. Therefore, it signifies a human need 

and qualifies [hu]manôs thinking and doingò (Josef Albers). ñDesign is the response to a human needò 

(McKim, 1959). It is also ña mental project or scheme in which means to an end are laid downò 

(Collegiate Dictionary as cited in Goldschmidt, 2014). Underlying any design outcome (means) is a 

purpose motivating and leading designers, which can be the designersô own needs (self-centered) or 

tensions in the environment or othersô needs felt by the designers (self-actualized) (Arnheim, 2009; 

Auernhammer & Roth, forthcoming).  

 

5.2 The Peripheral: Fuzzy boundaries of defining Design  

Clear boundaries of the meaning of Design are complex because of various dilemmas. Designers are 

reluctant to set clear boundaries to avoid limiting the creative practice, design is context-dependent 

and constantly evolving, and design is a fundamental human activity enacted by all people. This 

primary activity is inherent in both Science and the Arts, making it hard to distinguish it from both. 

Furthermore, different disciplines have cultivated their defined design paradigm. These dilemmas 

make it difficult to define a clear boundary of what design is. 

 

5.2.1   Complexity dilemma.  The first dilemma of establishing a universal definition for Design is the 

complexity dilemma. Designers and design scholars avoid providing clarity on the definition of 
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Design to avoid limiting designersô creativity and its evolution. However, this ambiguity led to the 

mythification of Design. Nelson (1965) expressed that ñ[industrial design] is the only profession that 

became a myth before it reached maturity.ò However, ñdesigning is not a mysterious process, [é] but 

it is complexò (Cross, 2011). ñDesigning is a complex and intricate task. It is the integration of 

technological, social and economic requirements, biological necessities, and the psychophysical 

effects of materials, shape, color, volume, and space: thinking in relationshipsò (Moholy-Nagy, 1969). 

Because designing requires considering these diverse aspects, no single explanation and process 

incorporate all aspects. 

5.2.2   Zeitgeist dilemma.Design is also temporal context-dependent, and the artificial and cultural 

context is constantly evolving. New technology and cultural values produce new design activities and 

possibilities. Designers and design scholars constantly integrate new approaches to expand their 

creative practice. It changes with new technological possibilities. Owen (1998) expressed this as 

follows: ñDesign is the creation process through which we employ tools and language to invent 

artifacts and institutions. As society has evolved, so has our ability to design.ò It also evolves through 

changing cultural values and emerging needs based on changing environments. ñDesign is reflective 

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

influences on the designerò (Micklethwaite, 2002). Similarly, Horst Rittel emphasized that ñDesign is 

directed towards a particular situation which is historically uniqueò (Protzen & Harris, 2010). Thus, 

design is a continuously evolving practice as newly designed technologies provide new possibilities 

and produce new emergent needs.  

5.2.3   Expertise dilemma. Design is a profession and everyday activity and attitude (Lawson, 2006; 

Lawson & Dorst, 2009; Moholy-Nagy, 1969). This expertise dilemma exists because of the fuzziness 

of who designs. Lawson (2006) expressed this paradox of design as follows: ñDesign is now clearly a 

highly professional activity for some people, [é] And yet design is also an everyday activity that we 

all do.ò The discourse on who designs makes it problematic to establish a clear boundary. For 

example, Moholy-Nagy (1969) expressed that ñDesigning is not a profession but an attitude.ò 

ñ[D]esign is basic to all human activityò (Papanek, 1973). Such an attitude can be learned and enacted 

by everyone. Another argument is that ñdesign is too important to be left to designers aloneò (Gorb & 

Dumas, 1987). However, Cross (2011) expressed that ñeveryone can design and expert designers 

exercise very developed forms of certain tacit, deep-seated cognitive skills.ò This discourse implies a 

spectrum of design from everyday designing to professional design for specific domains. Like Design, 

creativity is defined within the spectrum of everyday creativity and culture-changing creativity, the 

capital C creativity (Kaufman & Beghetto, 2009). Underlining professional design is the development 

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

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

and engineering (products). Amabile (1996) discusses the same attributes of cognitive processes, 

domain-specific knowledge, and motivation in general creativity. From this perspective, creative or 

design thinking of converting parts to a coherent whole is the shared denominator among everyday 

design activities and diverse professional design disciplines with domain-specific know-how. 

5.2.4   Identity dilemma. Designers and design scholars distinguish Design from Art and Science as  

either a combination of both, or a distinct paradigm. This dilemma generates fuzziness in defining 

Design. Scholars expressed that ñdesign is the marriage of art and scienceò (Micklethwaite, 2002). 

While others emphasized that ñdesign should not try to find a spot between engineering and art, but 

should be a separate discipline other than engineering and artò (Katz, 2015). Similarly, Lawson & 

Dorst (2009) expressed that ñdesign is always to some extent grounded by functionality, [é] art is not 

functional; it does not need to make ósense.ôò Like with Art, Design is distinguished from Science. 

ñDesign is the opposite of the traditional scientific explanationò (Gero, 1990). However, Design is 

inherent in Science and Art. The scientist designs the scientific experiment to generate new 
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knowledge that brings about changes in the scientific discourse, while the artist generates and conveys 

new meaning through ñdesignedò artifacts. From an evolutionary perspective, humans designed tools 

to satisfy needs before they produced art or developed rigorous knowledge systems. ñDesign is, if we 

look at it in this broad sense, one of the primary characteristics of the human race. It is the foundation 

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

of civilization, of art, of scienceò (Protzen & Harris, 2010). From this perspective, Art and Science are 

the offspring of Design as both inherent the human activity of designing. Design is fundamental in all 

human activity. This identity dilemma makes it impossible to define a clear boundary of what design 

is. 

5.2.5   Disciplinary-perspective dilemma. Design is ñto ócontrive for a purpose,ô makes it equally the 

property of engineers, architects, advertising [hu]men, artists, and dressmakersò (Dreyfuss, 1955). 

Design includes material objects, verbal and visual communication, organized activities and services, 

and complex systems or environments for living, playing, working, and learning (Buchanan, 1990). 

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

in visual and graphic design is the focus on communication. ñ[Visual D]esign is concerned with 

finding the representation best suited to the communication of some specific informationò (Mullet & 

Sano, 1995). Service design focuses on ñintangible experiences that reach people through many 

different touch-points, and that happens over timeò (Moggridge, 2007). The perspective inherent in 

more technical rational disciplines emphasizes function and procedure. ñDesign is meant to enhance 

some critical procedure or functionò (Norman, 2007). In this perspective, aesthetics serves as a 

support for the performance of the procedure and function. In contrast, the humanistic perspective 

focuses on human values, such as needs. ñDesign is the response to a human needò (McKim, 1959). 

ñIt is the making of plans to shape the world to our needsò (Protzen & Harris, 2010). ñDesign is the 

central factor of innovative humanization of technologies and the crucial factor of cultural and 

economic exchangeò (ICSID as cited in Verganti, 2009). Another perspective is market orientation. 

Carlotta des Bevilacqua expressed that ñNowadays, every market-oriented company has understood 

that design is an advantage. As a result, all companies can use it. Design is not only a way to give a 

nice form, but it should rather anticipate a need, proposing a visionò (Verganti, 2009). In 

organizational design, design is seen as ñthe diagnosis of misfits and the action to fix themò (Burton, 

Obel, & Håkonsson, 2015). In this perspective, design matches internal to external environments. 

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

meaning of Design. 

 

6 Conclusion and implications 

The research presented in this paper explicated that the definition of Design is viewed from diverse 

perspectives. While shared words provide a family resemblance among different epistemological and 

disciplinary perspectives, it does not clarify what design is. The identified shared conceptualizations 

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

 

6.1 Implications for Design Thinking 

The debate of definitions on the ñsemantic coreò of Design is describing essentially productive or 

design thinking, the embodied cognitive activity of determining a meaningful or purposeful means 

within a specific situation, viewed from diverse epistemological perspectives (Dewey, 1938; Duncker, 

1945; Eastman, 1970; McKim, 1980; Schön, 1963; Selz, 1922; Wertheimer, 1945). This human 

embodied cognitive activity of planning, forming, crafting, making meaning, sense, and order, and 

analyzing and solving problems brings new and purposeful change to situations and the world. Such 
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design thinking incorporates productive thought processes to make sense, meaning, and order of ill-

defined and ill-structured design problems and situations (Auernhammer & Roth, forthcoming; 

Goldschmidt, 2014; Wertheimer, 1945). It requires many embodied productive thought processes 

incorporating various perceptual, cognitive, and physical activities, including analyzing situations and 

reorganizing parts into a new whole (Faste, 1994; Goldschmidt & Porter, 2004; McKim, 1980; Purcell 

& Gero, 1998; Rowe, 1987; Suwa & Tversky, 1996; Tversky, 2009). Such productive thinking can be 

an everyday activity as well as employed to solve open and complex problems, which requires diverse 

domain-specific knowledge. For example, productive thinking is part of designing scientific 

experiments (means) to collect and analyze data to advance the scientific body of knowledge (end) 

and generate an artwork (means) for the sole purpose of conveying meaning (end). It is inherent in 

designing illustrations, technology, spaces, and organizations (means) that empower people in their 

lives (end). This fundamental embodied cognitive activity of productive or creative thinking allows 

making sense of the world by designing it.  

 

6.2 Implications for Design Research  

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

dilemmas have several implications for research. Research requires to construct clarity as otherwise 

examination and comparability are unfruitful. Referring to ñdesignò without expressing the underlying 

epistemological and disciplinary perspective will result in blurry vision. We recommend that design 

researchers employ a strategy we call ñun-naming.ò Un-naming describes the activities, processes, 

and ways of looking at the world without referring to the ñconstructò Design. For example, 

researchers can refer to a specific professional practice to avoid the expert dilemma, outline their 

epistemological perspective to overcome the debate on the disciplinary perspective dilemma, and 

outline the specific context in which they examine ñdesignò to overcome the Zeitgeist dilemma. Such 

a strategy will help to demystify Design. Furthermore, future research should advance this preliminary 

study by investigating a broader spectrum of Design definitions to incorporate a greater diversity of 

diverse perspectives. Such investigation can identify additional boundary dilemmas and a more 

comprehensive understanding of the essential semantic meaning of Design, providing further clarity. 

 

6.3 Implications for Design Practice 

The research outlined in this paper has several implications for practice. Design is a fundamental 

human activity in which professional designers bring unique abilities and domain-specific knowledge 

relevant for finding and solving specific problems and making sense in specific situations. Such 

practices will continuously advance with new emerging needs and challenges, new technological 

possibilities, and evolving cultural values. The disciplinary design practices developed over the last 

centuries may not serve as the necessary means to solve emergent challenges of limited resources, 

pollution, and social inequity. Therefore, there is the need to continuously ñdesignò new design 

practices and education programs to enable a culture of design in which many people contribute to 

bringing about new and purposeful change. Otl Aicher (1991) expressed it best: ñdesign transcends 

theory and practice and not only opens up a new reality but new insights.ò With each new reality and 

new insights, new ways can be found to enact, professionalize, and advance the practices of design 

and its semantic meaning.  
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Abstract. What design is remains controversial. Views are shaped by peopleôs different perspectives, which 

depend both on the particular design disciplines they practise or study, and on the concerns and the theoretical 

and methodological concepts and tools of the intellectual disciplines they bring to looking at design. This paper 

looks at just how different some alternative views are and argues that the different types of design are too 

diverse to make agreeing on a crisp definition of design a feasible enterprise. Instead, we should accept that 

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

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

patterns of similarity and difference that connect different design fields, but do not apply to all types of design. 

Moreover, we should treat knowledge generation and problem-framing activities as legitimate and important 

parts of design. 

 

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

 

 

1 Introduction: The word ódesignô and the goals of design research 

The meanings of the terms ódesignô and ódesigningô and ódesignerô ï so important to so many peopleôs 

sense of who they are ï have been the subject of decades of repetitive and seemingly endless debate 

(see Blackler et al., 2021). Can we end it, or focus it on a productive direction? We argue that ódesignô 

has no one right definition and consider what follows from that. 

In design research what is included in the term ódesignô is approached from two fundamentally 

different angles. The first is ñEverything that is associated to the design of an artefactò. According to 

this perspective, design is the process of creating plans for new artefacts or systems and may involve 

activities that in themselves would not be considered as design. The alternative view is to consider 

design as a distinct kind of human activity, restricted to the unique designerly activities involved in 

the process of designing (see Cross, 2006). As the call for the DTRS symposium states there has been 

an ñexpansion of what is understood as design (and design thinking), whereby many activities by 

professionals from different disciplines are seen as included in the term designò. This reflects the 

recognition that many fields not traditionally considered design disciplines address problems that 

resemble design problems and require methods used by designers; regarding them as design requires a 

broader view of what might constitute a designed artefact. Another view would be that the scope of 

design is defined by the distinctive knowledge possessed by designers and evidenced by their 

qualifications and participation in professional communities. Participatory design approaches have 
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increasingly involved users and other lay people in the design process ï for some, this is as much an 

attempt to democratise the act of creation as an effort to get the user requirements right (see Luck, 

2018). This would imply that design cannot be characterised by the knowledge a designer possesses.  

Over the last 60 years or so, design as a field of research and education has worked on establishing 

itself as an academic discipline. This has included attempting to define key characteristics and 

properties that all design processes share. However, this has proved difficult. To illustrate some of the 

difficulties, this paper draws on our studies of two industries: diesel engine design as a representative 

of traditional incremental engineering design, and sustainable fashion as example of an artistic craft-

based domain. Both illustrate that design processes comprise many activities that would not 

intuitively be thought of as design, but, depending on the scale of the process, are carried out by 

designers.  This raises the question whether these activities count as design and need to be included in 

the characterisations of design and be supported by generally applicable design methods. This paper 

argues that instead of trying to characterise design by what is common across all design activities, we 

should embrace difference between design processes to understand the rich phenomenon of design. It 

might therefore be more fruitful to think of design as a family resemblance concept, in the 

Wittgensteinian sense, where two instances do not necessary share common features, but collectively 

all the instances covered by the term provide a rich and coherent picture. Only by taking a rich and 

inclusive view of design in this way can design research develop the nuanced support for designing in 

different situations that designers need in practice.   

In recent years design research has pursued different goals. One aim of design research is to develop 

ways to support designers in their activities. To do this, we have to acknowledge that designers may 

spend only a fraction of their time designing, while also engaging in other artefact-development-

related activities or working with people who engage in other activities related to the design of 

artefacts. Another aim of design research over recent years has been to find what is common across 

different traditional fields of design, despite huge variations between different design domains. Other 

researchers see design as a means to transforming our society and focus on what design should 

achieve, rather than what design is.  

Regardless of the perspective in trying to understand design it is necessary to look both at the varied 

practices of design and at many different design processes. The practice might well be different from 

the rhetoric by which different domains present themselves; in this regard the rhetoric may not be 

helpful. Design domains with an origin in applied arts and crafts, such as graphic design or fashion 

design, often emphasise the creative aspect of their practice, in fact the designers often refer to 

themselves as ñcreativesò. By contrast, the discussion of complex technical products often centres on 

performance, cost, quality, safety, and reliability combined with focused innovation. Designers with a 

strong user involvement, such as in architecture or service design, often focus on user-centred aspects 

of design. 

In section 2 we note the multiplicity of definitions of design and designing that have been proposed, 

and then introduce in broad terms some perspectives on design that illustrate the rich insights that 

have been arrived at by a wide range of design researchers. After a brief discussion of our empirical 

methodology in section 3, section 4 argues, drawing on our own case studies and experience of 

design, that synthesis, which is often thought of as the essence of design, is in practice remarkably 

elusive and that many designers carry out many important activities that have very little to do with 

creating new things, although they are an essential part of their work. Section 5 looks at how the 

boundaries of what we consider as design varies in different contexts. Section 6 argues that design is 

in fact a family resemblance concept and that what matters for something to count as design is often 

whether those who undertake the activity think of it as design. Section 7 draws out some implications 

for how we understand and use the concept of design. Section 8 concludes with a recommendation to 

action: to recognise and advertise the centrality to designing of analysis and knowledge generation 
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activities and the people who do them; and to focus comparative design research on the patterns of 

similarities and differences between design in different fields.  

 

2 Perspectives on design  

Design ï as the word is used in ordinary English ï has fuzzy boundaries, which raises the question 

what should or should not be included in design. Typically, solving well defined problems, for 

example through the use of mathematical equations, would not be thought of as design. However, 

mathematics plays a very important role in many design processes and unsolved mathematical 

problems can be approached in a designerly way. Many people associate design with creating 

something new and thereby focus on the synthesis aspect of designing. Throughout the history of 

design research, the academic literature on design also offered a multitude of different complementary 

perspectives on design, which all capture important aspects of many design situations and problems, 

but do not fit others. Each perspective brings out facets of design that are extremely important in some 

fields, but much less so in others. The variety of perspectives is such that we hesitate to try to 

summarise them in a single short paper, so what follows here are only a few illustrative viewpoints; 

however, they are influential, and strongly flavour views of what design is. Although we observe that 

while research about the generic aspects of design processes across all different domains still 

continues (e.g., Daly, 2008; Reymen et al., 2006), the differences between design processes in 

different domains are however much less researched (Stacey & Eckert, 2010).  

Herbert Simon called his well-known book on human-made systems ñSciences of the Artificialò. He 

distinguishes science, as concerned with what is, from technology, which is concerned with how 

things ought to be. He defined design as ñto devise courses of action aimed at changing existing 

situations into preferred onesò (Simon, 1969/1996). Even after over 50 years of design research, the 

concept of design remains remarkable slippery. Fifty years ago, J. Christopher Jonesô influential book 

Design Methods (1970) listed a remarkably diverse collection of definitions; he wrote ñThere seems 

to be as many kinds of design process as there are writers about itò and we can say the same today. 

Writing about discussions on definitions of design over 20 years in a large email forum, Blackler et al. 

(2021), wrote ñDespite robust discourse around relevant perspectives on design, the list discussions 

are and have been repetitive, with no significant progress made towards a consolidated definition of 

designò. The multiplicity of views is also intensified by the widespread use of the term ñdesignò in 

everyday language. As noted by the system theorist Peter Checkland (discussing the related 

difficulties in defining the term ñsystemsò) ñthere is no language available for serious discussion 

which is separate from everyday language é terms are fuzzy as a result of their unreflective use in 

everyday chatò (Checkland, 1999). 

 

2.1 The emerging field of design 

With the recognition that design as a professional activity shapes our world, it has been a subject of 

study for centuries, but it was in the 1950s and 60s that research into a theoretical understanding of 

the topic, and into methods and tools and other supports for design activities, really began to take off.  

From these early days, design was studied from a wide range of perspectives, with researchers coming 

from architecture, engineering, the applied arts, planning, computer science and other disciplines, and 

this has led to a multiplicity of views on the nature of design.  The researchers came from different 

backgrounds and worked with different types of artefact. For example, the highly influential work by 

Pahl and Beitz (1977) came from huge experience with building specialist manufacturing equipment, 

that transforms inputs using a series of machines and machine elements, but is less well suited to 

highly integrated, complex and incrementally developed products like jet engines. Early theoretical 
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work on design has been strongly influenced by architectural design, for example in the work of Jones 

(1970), Schön (1983), or Akin (1986).  

 

2.2 The rhetoric of design 

The early research spawned a new emphasis on design in higher education as evidenced by the UKôs 

Moulton Report on engineering design education, advocating that design ñshould be a thread running 

throughò courses (Moulton, 1976), and by new teaching programmes, such as the Open Universityôs 

Design and Innovation programme in the 1980s, supported by readers (such as Roy & Weald, 1986).   

A view of design that has emerged quite strongly in the 21st century, especially in public discourse, 

has been the association of design with creativity, and creativity with cultural products. The UKôs Cox 

Review of Creativity in Business (UK Government, 2005) proposed that ñDesign is what links 

creativity and innovation. It shapes ideas to become practical and attractive propositions for users or 

customers. Design may be described as creativity deployed to a specific end.ò  The UKôs Design 

Council has in recent years particularly highlighted the ócreative industriesô as a driver for the UK 

economy (Design Council, 2018). The term was borrowed from the economist Richard E. Caves 

(2000), who used it to describe the subject matter of a study of the social and economic organisation 

of the production and marketing of art, focusing on the contractual relationships between artists and 

the commercial operations that act as facilitators and gatekeepers. Thus defined, the ócreative 

industriesô included traditional design fields such as architecture and artistic design domains such as 

product design, graphic design, or fashion, as well as the creation of cultural artefacts such as 

advertisements, media, music, visual arts and books. This excluded engineering and much of software 

design because they have different economic models. 

 

2.3 Design as/versus structured problem solving 

In engineering there was a significant emphasis on the search for systematic, generally applicable 

approaches.  Early engineering design theories, like the Theory of Technical Systems (Hubka & Eder, 

1988) or Domain Theory (Andreasen, 1980), focussed on structuring products, relating design 

elements and their mapping to physical parts, and on the activities associated with their creation. Later 

theories like Axiomatic Design (Suh, 1980) also emphasised relationships between function and 

structure, advocating an alternation between the functional domain (derived from the customer needs) 

and the physical domain, but also placed a strong emphasis on the identification of axioms that were 

universally applicable such as the need to maintain the independence of functional principles. These 

approaches embody a view of design focusing on how decisions about what a product should do 

affect its structure and decisions about the embodiment affect what the product can and canôt do. 

George Hazelrigg (1998) put forward a view of engineering design as an application of mathematical 

decision theory, comprising a series of choices between alternatives that can be rationally elicited. The 

sequence of decisions may affect the result, and some decisions may need to be treated concurrently 

(Mistree et al., 1993). However, finding an optimal solution is rarely possible. In The Sciences of the 

Artificial , Herbert Simon (1969/1996) argued for seeing design as a rational problem-solving process 

applied to ill-defined problems, where designers act with bounded rationality (Simon, 1957). That is, 

the designers act rationally within the resource limitations of time and mental capacity that restrict 

their ability to gather information, explore problems and define optimal solutions, so they satisfice ï 

settle for a satisfactory solution. 

Design is not necessarily a structured and pre-planned process but is often an interactive engagement 

with the emerging design.  Many analyses of design at different scales have drawn on Asimowôs 
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(1962) view of engineering design as a cycle of problem formulation, synthesis, and evaluation. Dorst 

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

In The Reflective Practitioner, Donald Schºn (1983) called this process ña conversation with the 

situation, where designers engage in two different kinds of seeing, ñseeing thatò, i.e., recognizing 

something, and ñseeing asò, i.e., interpreting what they sawò (Schºn & Wiggins 1992). Schºn views 

designers as engaging in a process involving Naming, in which elements of the task are identified, 

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

be solved, Moving, in which the design is advanced within the current frame, and Reflecting, in which 

the design is evaluated before the next cycle begins. (The view is quite widespread that the Schön 

view is radically in conflict with the design-as-problem-solving view of Simon and followers, 

stemming from Schºnôs own critique of Simon. We think it isnôt: this reflects a misinterpretation of 

Simon stemming from a lack of understanding of The Sciences of the Artificialôs radical abstraction 

away from a sophisticated understanding of the psychology of problem-solving; see Chua, 2009, who 

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

Horst Rittel introduced the idea of a ówicked problemô in the 1960s. Rittel and Webber (1973, p. 161) 

state: ñThe formulation of a wicked problem is the problem! The process of formulating the problem 

and of conceiving a solution (or re-solution) are identical, since every specification of the problem is a 

specification of the direction in which a treatment is considered.ò Rittel and Webber were thinking of 

town planning, where problems are unique and have no definitive formulation or right answer or even 

clear endpoints, solutions cannot be tested and are irreversible, so the designers have one chance to 

get it right, and any change has serious consequences. Many later researchers and practitioners have 

viewed all design problems as óindeterminateô and ówickedô; this is reasonable for town planning and 

systems engineering, not true of much of engineering, and absurd for fashion or knitwear or most of 

the ócreative industriesô. Buchanan (1992) influentially made this claim without connecting his 

arguments to any particular industry or type of designing. He sees design as thus in fundamental 

contrast to science, which doesnôt deal with radically indeterminate problems. The idea that design 

problems canôt be clearly formulated and subjected to rational problem-solving procedures has gained 

a lot of currency.  

 

2.4 User-centred views of designing 

Entirely different views of what designing involves emerge from fields and situations where the hard 

challenges come from understanding and meeting complex and non-obvious human needs. The term 

ódesign thinkingô has come to refer to a particular view and set of techniques for tackling design 

problems, especially when applied in fields not traditionally thought of as design. óDesign thinkingô 

puts the interaction with users and figuring out user needs at the centre of design activities, and 

thereby de-emphasises the technical challenges in building complex systems. In his article with this 

title, Brown (2008) describes designing as an iteration between three pillars: Inspiration, Ideation and 

Implementation, with an emphasis on finding needs and opportunities and engaging with normal and 

extreme users throughout the process. The d.school at Stanford developed this into five phases 

(Plattner et al. 2009): Empathize, Define, Ideate, Prototype, Test. 

In software development, user-centred design, organizing the design process around procedures and 

techniques for understanding user needs, predates the design thinking movement. Participatory design 

(Sanders et al., 2010), which is also closely related to cooperative design and co-design (Sanders & 

Stappers, 2008), goes back to the 1970s. It advocates bringing the user as an active participant into the 

design process including the generation of new ideas. Being part of the creation process also increases 

the willingness of users to accept the eventual result. Participatory design deemphasises the technical 

aspects of design, which designers carry out almost behind the scenes.  
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Products however rarely act in isolation but are embedded in user processes with other products.  The 

design of Product-Service Systems (Baines et al., 2007) emphasises that the service provided depends 

on the characteristics of the product or system that enable service provision and involves the 

concurrent design of products and services. According to Mont (2004), ñPSS is a system of products, 

services, supporting networks and supporting infrastructure that is designed to be competitive, satisfy 

customersô needs and have a lower environmental impact than traditional business modelsò.  

 

2.5 The granularity of views on design 

Many of the differences in the perspectives on design arise from differences in the granularity in 

which design is studied, ranging from individual design activities, such as an episode in which a 

textile designers would sketch out the pattern for a fabric, to the design of systems of systems, such as 

new urban transport systems. This is a not only a matter of the granularity of the tasks in focus, but 

also of their description. As Wynn and Clarkson (2018) point out, models of design processes, which 

characterise design or are used to prescribe how designing is carried out, fall under three categories: 

ñMicro-level models, which focus on individual process steps and their immediate contexts; Meso-

level models, which focus on end-to-end flows of tasks as the design is progressed; Macro-level 

models, which focus on project structures and/or the design process in contextò.  

Of course, designers often operate at different levels of detail within one activity. For instance, 

Buchanan (1992) argues that design operates on two levels: a general level, on which the designer 

forms ideas and hypotheses about the nature of products or the artificial word; and a practical level, 

being embedded in specific circumstances.  

 

2.6 Disciplinary perspectives on design 

Analyses of designing taking a cognitive perspective typically consider how designing works at a 

micro-level, whereas sociological studies and product or organisational views typically consider 

activities at a meso-level or a macro-level. The cognitive perspective sees design as a sequence of 

mental activities or types of reasoning steps; much research has focused on identifying mental actions 

and the structure of design reasoning (for instance, Akin, 1986).  The idea that design is a unique 

mode of thinking is widespread and influential. Cross (2006) argued, based on interviews with expert 

designers, that designerly ways of thinking are exploratory, emergent, intuitive, reflective and 

embracing of ambiguity. This perspective fits with concerns for creativity in design, where creativity 

is related to novelty of the end results or the process of generation (e.g., Boden, 1990). Theoretical 

approaches to understanding creative thinking such as conceptual blending theory (Fauconnier & 

Turner, 2002) or the reinterpretation of ambiguous information (Schön & Wiggins, 1992) place 

synthesis at the heart of creativity. These influence the studies of design that draw on them.  

 

3 Empirical methodology 

Our own empirical research is grounded in a cognitive perspective but has focused on meso-level 

analyses of design processes.  The paper draws primarily on two very different sets of studies: diesel 

engine design (Eckert et al., 2004; Flanagan et al., 2007; Eckert et al., 2019); and recent studies of 

designer-led micro businesses in the fashion industry (Black et al., 2021). Diesel engines are an 

example of highly technical and incremental products, that has been optimised for efficiency and 

reliability, but also have been subject to significant innovations over the last 30 years to decrease their 

environmental impacts. Diesel engines are designed by large teams often involving hundreds of 
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specialist engineers. By contrast the designer-led fashion businesses were very small and the 

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

For these studies we conducted interviews with designers and followed their processes over several 

months. We have studied both sectors in multiple companies for 20 years and therefore can also 

observe long-term changes in industrial practice. We also draw on our much earlier studies of the 

relationship between artistic and technical design in the knitwear industry (Eckert, 2001; Eckert & 

Stacey, 2003), on our studies of information use in design processes (Lowe et al., 2004; McMahon, 

2004; McMahon, 2021) as well as observations of parts of the construction industry (Eckert et al., 

2012; Jones et al., 2018) and the second authorôs early experience of working in diesel engine design. 

4 Finding the core and the boundaries of design 

Design practice is extremely varied within different design domains and across domains. This section 

draws on our empirical work to bring out some of the differences between design practice in different 

contexts. Many insights into designing have been gained through detailed study of design episodes 

involving individual designers or small teams of designers, as exemplified by the original Delft 

protocol studies (Cross et al., 1996). In these studies, designers have been given specific design 

assignments and have been studied up to the point where they have generated a concept. This 

experimental set up also favours the study of synthesis tasks, as designers have little time to explore 

the problem, usually no access to users or clients; and little time to evaluate their solutions in detail. 

This can give a very misleading picture of where the effort and significant contributions are in 

developing new artefacts.  

In the section we will argue that many designers spend only a very small fraction of their time 

creating something new or different, and rather more on making sure they can meet new requirements 

with minimal changes. The contrast between the different design examples also illustrates that design 

happens at different scales, from a large team working together, so that each individual has a specific 

role, to small processes where a single designer carries out most of the activities.  

 

4.1 The elusive act of synthesis 

At a sufficiently abstract level, professional design processes can be mapped onto a pattern of 

analysis, synthesis and evaluation (see Asimow, 1962). However, when studying professional 

practice, the moments of synthesis can be difficult to track down. The product or system architecture 

defines the mapping between functions and components and the interfaces between components 

(Ulrich and Eppinger, 1995); and thereby incorporates many of the fundamental design decisions. 

This makes system architecture design a prime candidate for study of synthesis in engineering design. 

We (Wyatt et al., 2009) analysed how the system architecture of a diesel engine came into being. In 

the early 2000s the first author was invited to a large meeting, where the conceptual design of a new 

engine generation was presented by the conceptual design team in a diesel engine company. Based on 

this experience, the first author and her colleagues assumed that the company would go through a 

distinct activity where the system architect would design the system architecture. While this had been 

the case in the company for earlier generation engines in the 2000s, system architecture design was no 

longer a recognisable process. Through a series of interviews, it become clear what information was 

required to develop a system architecture and at which point the system architecture was established. 

However, when and how the system architecture was designed was strangely elusive. Through the 

analysis of the interviews, it become clear that the system architecture emerged as the by-product of a 

requirement cascade, where the company first assured that they could meet regulatory performance 

requirements, and then focussed on a prioritised list of bundled requirements (see Wyatt et al., 2009). 

Diesel engines are highly incremental products in which the fundamental solution principle remains 

largely invariant, but developments are made in embodiment ï for example in part dimensions and 
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materials ï and in components to deliver secondary functions such as fuel injection equipment and 

emissions control.  They are often designed through the minimal amount of modification necessary 

from past designs but have to meet very stringent emissions regulations in each product generation. 

The company starts with tests of existing engines, and of modifications to them, to establish whether 

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

minimise the ónewnessô of the engine, in terms of newly designed components or existing components 

deployed in a new context. Very often constraints will be imposed by the production tooling required 

to make the engines, so things like bolting patterns or key dimensions may be retained. For existing 

components, the company also knows that the components are working reliably. Parameters of the 

reused components are entered into the requirement cascade as constraints on the performance 

calculations in the cascade. Through this process the system architecture is largely inherited from the 

previous product generation.   

Synthesis can also prove difficult to pinpoint in the work of designer-lead fashion businesses. The 

ñRethinking Fashion Design Entrepreneurship: Fostering Sustainable Practicesò project studied over 

25 such fashion businesses in the UK (Black et al., 2021). The ófast fashionô culture of recent decades 

has become highly unsustainable and many fashion designers and other industry experts see the 

industry as fundamentally broken for this reason among several others (Black, 2012). The fashion 

businesses, the projects studied, were largely set up by people with fashion design degrees, who 

wanted to make a living in their chosen profession in a way they could combine with their 

consciences. They aimed to produce garments that were environmentally sustainable and produced in 

an ethical way, while also being financially viable. In fashion there is also an element of cultural 

sustainability, where businesses want to maintain or connect to traditional garment types or 

production methods. The majority of the businesses studied were micro enterprises where the 

designers worked alone or with a small team of full-time or part-time staff. The survival of many 

small businesses is based on finding their niche in the fashion system. In some cases, this is centred 

around a specific product or small range of products, where the original designs are rarely updated.  

Designing garments only took a small fraction of their time for most of the businesses. Most designers 

were occupied with running their businesses and carrying out a multitude of business functions. A lot 

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

customers facing activities. 

Unlike large fashion brands, small fashion businesses tend not to renew their collections regularly. 

Rather they try to follow customer demand and keep designs that sell well in their ranges and replace 

designs that have either sold out or are not selling well. The successful businesses proved to be agile 

and adaptable. For example, several designers produced face masks in the Covid crisis using stock 

fabric. Others engaged in short term collaboration with designers with complementary expertise as a 

way of broadening their sources of inspiration and customer bases. Much of their creative energy goes 

into finding business models that enable them to operate in the fashion industry while being 

sustainable, finding ways to engage customers and transforming the fashion system. These fashion 

designers see themselves as designers and as ñcreativesò, but the generation of new product designs 

only takes a tiny fraction of their time.  

 

4.2 Design at different scales  

The two design processes in the previous section are happening at very different scales. While the 

design of an individual garment takes a single designer a matter of days, including the creation of 

samples, the design of a diesel engine occupies many people across a supply chain for some years. A 

diesel engine is also only a component of a product, such as a tractor or a truck. The products 

themselves operate as parts of systems and of systems of systems. A truck is part of the wider 
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transport system and has to interact with other products or systems that are also part of the transport 

system, for example when it is unloaded or uses a ferry.  

A garment is also not designed in isolation. The designer creates multiple designs either as parts of a 

coherent collection, as typical high street chains would do, or when they see a gap in their offering. 

This depends on the garments offered by competing companies and on the wider development of 

fashions. In fashion design an individual designer would need to understand this broader product 

context, whereas in engineering this would be split into many different activities carried out by 

different people. Whether all of these activities are included in the design is a matter of where the 

boundaries are drawn. Maybe in fashion one would intuitively include the research and understanding 

of the wider product context and market in design. While engineers need to understand the state of the 

art and the competition, many of these activities would be carried out by a marketing department.   
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Figure 3. Disciplines throughout the design process. From Eckert & Clarkson (2004) 

 

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

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

some of the disciplines involved in the course of the design of a complex engineering product. For 

example, the market research and trend analysis would be carried out in a sales or marketing 

department. Basic science, for example for new materials, would be carried out by scientists. The 

diesel engine company studied by Wyatt et al. (2009) typically centralises the R&D for their engines 

across the parent company and works with universities on the underlying science, so that only 

technology at a fairly high technology readiness level (see Mankins, 1995), i.e., technology that has 

been tested on engines, would be considered in the product development process. Would R&D be 

included in the design process? We might argue that there is design occurring in R&D, but R&D is 

typically not focussed at the development of a specific engine, so maybe it is not part of any specific 

design process. However, the research of the fashion context and many activities in the early stages of 

any fashion design process are not garment-specific either, yet they are recognised as a vital part of 

designing (Eckert and Stacey, 2003).    

What designers include in the term design is also fluid depending on the context. For example, when 

fashion designers are asked to talk about the design process of a specific garment, they often start with 

sketching a specific design or looking for a specific source of inspiration. However, when they talk 

about their activities in general, it becomes clear that researching fashion trends or materials is a very 
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important part of their process, and that they come up with many ideas while they are carrying out 

general research.  

In all these cases we find that the designers are engaged in many activities that do not fall under the 

cognitive definition of design. Fashion designers in high street brands usually spend a few days to 

design their collection and then spend many months sampling and refining their products and setting 

up the production for them. Small independent designers spend a lot of time running their businesses, 

finding premises, getting grants, finding suppliers, writing invoices, marketing their product, to name 

a few activities. They interact with their customers and suppliers and spend an increasing amount of 

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

The range of activities carried out by the fashion designers, versus the high degree of specialisation of 

the engineering design process is not an inherent difference between the domains, but between 

working in organisations at a different scale. In small and often specialised engineering firms the 

engineers also carry out a wide range of different activities including design and business tasks. 

Conversely large fashion companies also have highly specialised designers who largely work on 

specific tasks, and consequently do more designing. 

 

4.3 Different roles of a designer 

Even when the focus is placed on the development of a specific product, there are many activities that 

that might or might not be counted as designing.   

When the second author worked as a Design Engineer in a different engine company in the early 

1980s, there were four groups of employees in the Design Office: 

(1) Designers, who did the actual scheme development for the design work of the company ï layout 

drawings when he first worked there, then developing into CAD models of the artefact. 

(2) Design Analysts, who carried out the calculations on the emerging designs ï largely stress and 

vibration analysis, some thermal. 

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

work, and design analysis, but mainly were collecting data, writing design guides, meeting with 

clients, managing information resources etc.  He was a Design Engineer. 

(4) Design Draughtsmen (and it was all men then) who prepared the detail drawings of parts and 

assembly drawings, from the layouts prepared by the Designers. 

In addition, the company had Development Engineers who advised the Designers on parameters to 

choose, especially for combustion systems, and did the development work on prototypes ï including 

combustion systems development (injection settings etc.) and durability testing. 

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

of the system architecture, where the functions the product needs to carry out are mapped to specific 

components and the interfaces between the components are defined. This was one of the teams we 

studied (Wyatt et al., 2009). They really understand the users and, maybe more importantly, what 

different types of users would wish to do with their engines, such as repair them with equipment and 

clothing that impose the need for access space around parts. The modern equivalent of the Design 

Engineers are component specialists, who become experts in particular subsystems, such as pistons, 

and design these for multiple product generations, usually by making small but significant tweaks to 

existing designs. Very often such specialists also interact with specialist parts manufacturers e.g., for 

pistons, fuel injection equipment, bearings etc. The majority of their time is spent understanding how 

their component needs to behave under particular circumstances and how it is likely to behave. They 

analyse their components, their interfaces to other components and their role in other products through 

the product platform. For each product generation the time they spend modifying the CAD models 

might only be a matter of hours. The other role the Design Engineers carried out was the interaction 
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with customers; the modern company has given this role to application engineers, who handle the 

direct customer interaction and understand their customersô products, needs and preferences. These 

are typically engineers by background who understand the significance of elements of the product, 

can explain it to customers and can negotiate with customers what can reasonably be accommodated 

for the engine.  

At the diesel engine company where the second author was a Design Engineer, only the Designers 

(and to some extent the Draughtsmen) were actually doing the designing in the sense of creating the 

plans for an artefact, but all of the four professional groups in the Design Office, and Development 

Engineers and more, were involved in the design process. The role of the Design Draughtsman has 

largely disappeared as engineers make their own CAD models. However, the detailed design of many 

components from bearings to pistons, fuel injection equipment and turbochargers will be outsourced 

to suppliers, and design consultancies are also active in this field. The detail design of the product is 

also often changed by manufacturing engineers to suit the production process. 

The group that has become much more influential, in the meantime, is the Design Analysts. Modern 

diesel engine design often starts with an analysis of the previous design and virtual or physical tests to 

see whether the desired performance can be achieved (Tahera et al., 2019). Through the entire product 

development process, the emerging design is analysed and simulated to understand its properties, 

typically making use of very sophisticated computational analysis tools. These engineers focus on all 

aspects of the behaviour of the engine, including thermal, stress and vibration analysis.  Physical test 

and development are nevertheless still important, especially for such properties as durability and 

emissions performance, because until the product can be demonstrated to meet certain requirements, 

like emissions, the company cannot legally sell it. 

In most engineering companies the analysis of the market, the logistics and the sales operations are 

carried out by the business functions in the enterprise. By contrast the fashion designers in the small 

sustainable businesses also had to take these roles on themselves. Even if they had staff who carried 

out the activities, these staff members also often had a design background.   

 

5 Examples of changing boundaries of design activities  

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

the question what a designer does. We can go back to J. Christopher Jonesô (1970) distinction 

between designing as the production of representations of the artefact and designing as contribution to 

the change in man-made things.  In the narrower sense, designing is a small part of the designersô 

activities.  In the broader sense, they are designing much of the time. However, even if we are 

including everything a designer does under design, the boundaries are still fuzzy and constantly 

shifting. The above example of the diesel engine design also illustrates the changing boundaries of 

engineering design tasks. In the 25 or so years between the two diesel cases, the emphasis in design 

practice had shifted to some extent from designing the components to analysing the behaviour of the 

product mathematically and computationally.  This section looks at two examples of these shifts, 

where other areas of experience, mathematics and customer relations, are brought closer into the 

design process than ever before. 

  

5.1 Engineering and mathematics  

The relationship between engineering and mathematics is changing as engineering becomes more 

driven by analysis. To minimise risk and maximise the reuse of existing components and subsystems, 

engineering companies design their products around key performance equations or models so that 

parameter values are cascaded through different levels of design, such that the form of the product is 



 

49 
 

to a large extent the response to performance equations and input constraints (see Eckert et al., 2012). 

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

of the product to engineers with a very high degree of numeracy and good computational skills but 

often a less well-developed ability to imagine and anticipate the behaviour of the design.  

Another shift away from traditional engineering to data analysis has already begun (see Isaksson and 

Eckert, 2020). Engineering companies collect a huge amount of data about their products. By the 

beginning of the century, diesel engine companies (for example) had already accumulated large 

quantities of warranty data from all of their past engines, which they tried to analyse to understand 

failure patterns. At the time this could be frustrating. It also took a long time to accumulate data, as 

faults in highly durable and robust products take a while to occur. This left the companies with a lot of 

data on old and therefore not particularly relevant products and not enough data on recent products. 

However, developments are taking place in two respects: analysis and simulation software and 

hardware is improving, and better, smaller and cheaper sensors enable the companies to gather much 

more data.  The former means that trade-offs, design margins and uncertainties can be better 

understood and accounted for, while the latter means that the performance of real engines may be 

better understood, and feedback may be gained on the capabilities of analysis and simulation models 

(although what it is possible to sense may not always be what it is important to try to measure). The 

increased data collection will also mean that data analysts, who may have little understanding of the 

engineered products, will need to be employed, and data analysis will increasingly be a central part of 

design.   

 

5.2 Fashion design and customer relations 

The small fashion businesses studied by Black et al. (2021) have more and different interactions with 

their customers. Traditionally designers have studied the products of other designers and positioned 

their products in relation to these. The customers select the products that they liked out of the wide 

offering on the market. As concern for the sustainability of textiles is growing, some customers want 

to find out more about the companies they buy from, so that the designers find themselves spending 

time generating blogs or posting on social media about their designs, their values and their ideas. 

Designers see reaching out to the customers and educating them about sustainability as an integral 

part of their design activities and their contribution to changing the fashion system they want to 

change. They aim to build a relationship with their customers and respond to the customers wishes 

and desires to increase the time that customers wear garments and also the customerôs bond to the 

fashion brand.  This becomes part of understanding needs and constraints on the designs. Interaction 

with customers on the design of specific garments has always existed (think of a traditional tailor), but 

the deeper interaction around the values and processes of brands is new. The customers are engaged in 

tasks that would traditionally be done by the designers, but does this then make them designers? 

   

5.3 The boundaries of design  

The scope of the words ódesignô and ódesigningô and ódesignerô are increasingly in conflict. Our 

preferred definition of ódesigningô is the creation of a plan for an artefact. Our everyday linguistic 

intuitions tell us that the synthesis steps of making moves in design space by envisioning new design 

elements is central to this, but that does not reflect the reality of design practice, where the 

development of understanding of the design problem is often crucial and sometimes the central 

challenge, and the development of understanding of the behaviour of proposed designs is frequently 

the most difficult and time-consuming part of the process. Making actual design moves in terms of 

specifying geometry through drawing or modelling may be comparatively trivial. For example, the 
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diesel engineers, who aim to carry as many parts across from one product generation to the next as 

possible (see Eckert et al., 2012), spend most of their time analysing whether the component could 

withstand altered conditions in the engine, e.g., higher temperatures or increased vibration. They also 

need to check all interfaces the components have to assure that modifications to the connected or 

adjacent components do not affect their component. In addition, they need to make sure that the 

component will still work under altered use conditions. After these evaluations they might make 

minor changes to features of the component or a particular interface, or just sign the component off to 

go to testing.  For another example, the fashion and knitwear designers we have studied put a lot of 

effort into understanding the space of acceptable fashions and how to position their designs within it, 

and finding sources of inspiration, to construct the constraints that guide their designing (Eckert & 

Stacey, 2003; Stacey & Eckert, 2010.) As Vincenti (1990) pointed out, knowledge generation 

activities are central to how engineers produce new products; rather different knowledge generation 

activities are crucial for fashion and knitwear. 

 

6 Design as a family resemblance concept 

Throughout this paper we have highlighted different aspects of design and brought in different 

conceptualisations of design. The readers of this paper probably have their own examples they draw 

on when they think about design, which are very different from ours; and will agree with some of the 

definitions we cited from the literature on not others. Everybody who has studied design or is 

interested in design sees it through his or her own lens, and therefore sees different patterns and 

characteristics in design. In this section we will argue that these different personal notions of design 

can be entirely valid, because they all add to the rich picture of design and agreeing on a definition of 

design in terms of necessary and sufficient conditions has proved an infeasible enterprise. 

Wittgenstein points out in Philosophical Investigations (1953) that we frequently use single terms to 

denote a range of concepts that overlap in their uses. In some cases, no single characteristic is shared 

by all usages. He points to the example of ñgameò, which we often think of in terms of winning or 

losing, but also covers a child playing with a ball. As in a family, some characteristics are shared with 

some members but not others. Yet putting all together we can see the resemblance across a family. In 

Wittgensteinôs conception of communities of language users, the concept is determined by usage with 

no standard of correctness over and beyond this. It follows that a requirement of understanding a 

family resemblance concept is that there must be intersubjective knowledge of its exemplars.  

Many ill-defined concepts, such as power (Haugaard, 2010) or partnering between companies 

(Nyström, 2005) are defined in slightly different terms by different writers. Putting all of these 

definitions together provides a rich picture of the phenomenon. Ward and Scott (1987) point out that 

we learn family resemblance concepts both in an analytic mode where properties are analysed and 

extended and in a holistic mode according to global relations of overall similarity. Similarity, which is 

ultimately reducible to shared features, plays an important role in learning and establishing categories, 

but we are flexible in our similarity assessment and allow exceptions to our expectations (Goldstone, 

1994).  

Design is also such a family resemblance concept, that we learn from a sequence of experiences of 

uses of the word, where everybody has a slightly different understanding of what is meant by design. 

The examples have shown that there is very little that is shared across the activities that designers at 

the extreme ends of the spectrum carry out. Some people who think of themselves as designers might 

spend their time in highly mathematical analysis tasks, whereas others might be mainly engaged in 

customer interaction. Many are occupied with managing other designers. However, every designer 

shares many tasks and attitudes with many other designers, just not necessarily with all. We also have 

to accept that the activities that people called ódesignersô engage in might not have one defining 
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characteristic making what they do designing. Designers in a wide range of fields perform very 

similar activities ï at least when viewed from a sufficiently abstract perspective. But designers at the 

extreme points may not have activities in common, making ódesignerô a chain concept ï where each 

use shares many features with to its neighbours and fewer and fewer with others. However, the notion 

of design as a family resemblance concept allows for this.  

Different disciplines describe design in different ways and emphasise different elements and 

activities, for example fashion designers would emphasise placing their work in the context of other 

designs, expressing the Zeitgeist and increasingly the need for sustainability, whereas product 

designers might stress user needs and desires, and engineers might focus on performance and safety. 

There is an element of rhetoric in how different design domains represent themselves, whereby artistic 

design domains tend to emphasise the novelty and creativity involved in their design whereas 

engineering designers try to emphasise their trustworthiness and rigour. Of course, rhetoric is 

inherently slippery, and people donôt say the same things all the time.  

The fact that so many different people call themselves designers is significant. Being a designer is an 

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

area and now they are designers. This is particularly strong with the fashion designers in our case 

studies who actually did very little designing, as opposed to producing garments or organising the 

production of garments. They referred to themselves as ñcreativesò and looked for the company of 

other ñcreativesò, either other designers, crafts people or musicians, with little reflection whether these 

people were either designers or were in fact creative by any accepted definition of creativity.  

 

7 Implications 

The search for the essence of design or a description of design that covers all scenarios looks like a 

futile quest. However, if we accept that design is a family resemblance concept, then we can also see 

different conceptualisations of design as being valid, complementary, and enriching. This would also 

free us as a community from the desire and drive of particular subgroups to ñownò the concept, define 

design, or speak on its behalf.  

Rather it points towards accepting different takes on design as equally valid. This points to a different 

approach to looking for a comprehensive, cross-domain analysis of design: developing it 

incrementally by looking for what is similar and different in different design domains and what causes 

these patterns of similarity and difference (Stacey et al., 2002). Design research has for a long time 

focussed on what is common and in consequence has developed very high-level theories and 

conceptualisations of design. These achieve generality by being highly abstract; often, they are 

nothing like as general as they are claimed to be. Over the years many important insights into the 

behaviour of designers have been discovered, but they are not universal. For example, it is widely 

recognised that designers are ñreflective practitionersò, going back to the work of Schön (1983), 

however this characterisation is not normative. Many designers engage in reflected action some of the 

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

While these abstract conceptualisations of design are undeniably useful for design research or design 

teaching, their utility for design practice has often been questioned. Bryan Lawson (2006) put this 

very succinctly apropos of process maps as ñéabout as much help in navigating a designer through 

his task as a diagram showing how to walk would be to a one-year-old child. ... Knowing that design 

consists of analysis, synthesis and evaluation will no more enable you to design than knowing the 

movements of breaststroke will prevent you from sinking in a swimming poolò.  

What designers in practice want from design researchers and to some extent from each other is 

actionable insights and advice. Practically useful generalisations sit at a meso-level between the very 

detailed and domain specific accounts and the general abstract descriptions of design. Much of this 
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advice is formulated as methods or tools for design. However, these are only usable if the designers 

understand how they can be applied and deployed in a specific context. This is often a challenge for 

two reasons: (a) how to use the method is not well explained, and (b) a scope of applicability is not 

explained, which in some cases implies that the methods should be universally applicable (Gericke et 

al., 2020).  

However, it is important to find ways in which designers in different contexts can learn from each 

other. Different areas of design have particular strengths that are often a direct response to the greatest 

risks or challenges of the field (Eckert et al., 2005). However, designers in other areas are often not 

aware of this and design subcultures may have a ñnot invented hereò culture. The failure to look 

across different fields of design has also been a barrier to understanding the drivers behind different 

aspects of design behaviour. For example, all design processes generating safety critical products have 

many common characteristics, as do processes that interact with users directly (Eckert and Stacey, 

2014).  

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

are highly constrained, and designers need to make many trade-offs, as is the case in diesel engine 

design. The fashion designers are also constrained, by what they can do in a given time and at a given 

price point. They often have to make tough decisions about whether what they can practically achieve 

can be combined with their consciences. These concerns primarily affect professional designers. 

Amateur designers, such as hobby knitters and dressmakers, who also engage in designerly behaviour, 

might have a far greater flexibility. They can shift their own goalposts in a way that professional 

designers cannot.   

Understanding the differences between different types of design and the drivers for differentiation is 

important. Bringing designers from different fields together also requires an appreciation of where the 

hard problems are in individual design fields and what they are good at.   

 

8 Conclusion 

The field of design research has gained a great deal from a very wide variety of attempts to work out 

what design or designing is. But what emerges from all these attempts is that design, and what people 

mean by the term, is far too diverse for any one definition to fit. Many characterisations of what 

design is have claimed to cover all design but are implicitly grounded in particular types of designing 

and just donôt fit many others. Design is best regarded as a family resemblance concept, where the 

many different instances of it have many features in common with many others, but there may be no 

characteristic that they all share. A better approach is to look at how and why particular types of 

designing are similar to and different from other types of designing and be very clear about the scope 

of any claims about the nature of design. 

Whether an activity counts as design depends not so much on the nature of the activity itself, but also 

on the context in which it is carried out. A mathematical problem solved in a class might be just that ï 

a maths problem ï but in an engineering context it can become a design task. A making task can be 

just following instructions or a vital part of prototyping.  

One characteristic shared across many very different types of designing is the crucial importance to 

the development of new artefacts of the analysis and knowledge generation activities that contribute 

to framing design problems and constraining the form of their solutions. How much these are 

regarded as part of designing depends on the field and on the self-understanding of the people who do 

them. They tend to get neglected in rhetoric about design and creativity.  

One actionable conclusion we draw is that in the view of design as a cycle of analysis, synthesis and 

evaluation, all of these are part of design and are important and deserving of respect. For those of us 

concerned with what is or should be design, the challenge is to get problem framing, analysis and 
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evaluation activities given due recognition as central to designing. This requires increasing awareness 

among ourselves, our students, and the non-designing public that the knowledge generated about the 

problem the system is produced to solve, and the performance of the product, is an integral part of 

what is produced by a design process. This is true to some extent for under-constrained artistic design 

fields as well as tightly constrained performance-driven engineering design fields. In the latter we can 

call the generators of knowledge as well as the makers of moves in design space ódesign engineersô; in 

other fields the right terms giving appropriate status might be harder to find.  

After 60 years it is time that design research embraces the richness and diversity of design and looks 

broadly at all design activities to address the imbalance in the research effort devoted to understanding 

and improving different aspects of design. For example, much research effort is invested in creativity 

and idea generation, but very little into the role of testing and validation in design, even though this 

takes up many more resources in practice.  
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Abstract. To bring disciplinary clarity to the boundaries of design, and to understand ñwhat is design?ò the 

study poses an antithetical question: ñwhat is not design?ò This negative question is examined through a 

semantic analysis of papers authored in the Journal Design Studies over the past 30 years. The objective of 

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

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

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

 

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

 

 

1    Introduction 

The design discipline has undergone brisk changes in the past 30 years, evolving from a singular, 

technology-aided, trial & error based esoteric discipline to a more collaborative, technology-

intense, evidence-based, and publicly accessible one. These changes have blurred the disciplinary 

boundaries of design. In critically examining such blurring, it might be prudent to pose the 

question ñwhat is not design?ò in the hopes that such a negation might bring disciplinary clarity to 

traditional questions asked within design research such as ñwhat design is?ò or ñwhat design 

ought to be?ò  

However, such an approach is a daunting task given that design discipline has been shaped by 

different perspectives and philosophies emerging out of an essentially multidisciplinary domain 

area. Additionally, design has been referred to as a transitive verb (to create or plan), a noun (a 

scheme or an idea), a process (activities of design) or as a discipline.  Traditionally design activity 

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

Liu, 2002), problem-framing, (Cross, 2001), puzzle- making (Archea, 1987), abductive reasoning 

(March, 1984), to a very complicated act of faith (Jones, 1970). Design behavior is described as a 

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

tolerance of uncertainty, access to incomplete information, application of imagination, 

constructive forethought to practical problems, and the use drawings and modeling media solving 

(Cross, 2001). As an unique form of intelligence, design has been regarded as different from the 

scientific or scholarly thinking styles, but just as powerful encompassing ñdesignerly ways of 

knowing, thinking, and actingò (Cross, 1982). Design is distinguished from other ways of 

thinking such as in accounting, finances, statistics, software engineering, and medicine (Chan, 

2015).   

While the uniqueness of design has been well explicated in design research, others have also 

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

trained in design. Rather, design is considered as a generalized process which even non-designers 

are capable of performing to some extent. For example, common folk of craft-based societies 

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

1990).  Design is hence considered a generalized body of knowledge capable of bridging diverse 

mailto:ndsouza@fiu.edu
mailto:tilanka@okstate.edu
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discipline prompting one architect to view design as last remaining of generalist professions 

(Cutler, 2016). The multidisciplinary view of design can be specifically evident in a field such as 

architecture, in which, building design and construction have increased in complexity (e.g., 

multiple materials, products, and project participants to coordinate), and designers are often 

expected to accomplish their work in shorter timeframes. The challenge of integrative project 

leadership has left designers to dawn the role of the traditional master-builder, that of an 

ñintegratorò of various skills and knowledge (Barrow, 2000).   

In the lead up to discussions on what is not design, researchers have reflected on what constitutes 

ñdesign proper.ò Instead of a ñhard dry groundò job description of an architect, design is viewed 

as e ambiguous as a ñswampò in which the boundaries are less delineated (Farbstein & 

Kantrowitz, 1991). Others have described design as a continuum of activities starting with pre-

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

ending with post-design activities, such as post-occupancy evaluation (Schermer, 2001).   

 

2 Analysis  

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

draw the line, a semantic analysis was conducted on negative connotations of ñwhat is not 

designò. Initially three prominent design journals over past 30 years were considered as a subject 

of the study (1990-2020).  However, as the study progressed majority of research yield was found 

in one specific source:  the Journal of Design Studies and hence the inquiry was limited to it. The 

journal consists of relatively long history on design cognition and addresses design activity across 

multiple disciplines including engineering and product design, architectural and urban design, 

computer artefacts and systems design. Therefore, it provides an interdisciplinary forum for 

analysis, development and discussion of fundamental aspects of design activity.  The semantic 

analysis consisted of the following steps.   

¶ Initial data was elicited by using the ñfindò tool in Adobe pdf software. The search 

constituted of finding declarative clauses that imply negative connotations of design (e.g., 

not design, non-design, design is not, isnôt design, how not to design, design canôt do); 

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

unlike design, lack of design, design is more than); and prefixes that imply activities that 

occur before or after design proper (pre-design, post-design).  

¶ The initial search led to about 600 papers. The papers were then manually coded for 

relevance using an open coding system. One of the challenges in this process was to 

distinguish between the conventional use of negative words (ñhope notò) to the use of 

negative words in a design context (ñdesign is notò). Once the negative words were 

identified, the individual papers were open coded to reflect the context in which the 

negative words were used. For example, ñdesign is not problem solvingò or ñdesign is 

more than and artistic endeavor.ò The idea was to capture design as the subject and the 

corresponding activity (for e.g., problem solving) as the object while being modified 

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

reducing the total to 188 papers.                                                                                                                                    

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

For example, papers that were open coded as ñdesign as not problem solvingò and ñdesign is not 

merely craft skills but also problem framingò were grouped under a common thematic code 
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ñproblem/solution.ò This resulted in 21 thematic codes. They were independently reviewed by 

two coders to check inter-coder reliability. The initial inter-coder agreement was about 80%.  

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

codes. 

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

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

contextualizing the codes.  

 

3 Disciplinary and chronological trends 

The findings show that the focus of the study of ñwhat design is notò were evident in 7 different 

design and allied disciplines: architecture, computing, product/ industrial design, engineering, 

philosophy, psychology, and technology. In the context of this paper, disciplines were identified 

based on the subject focus of the paper and the authorôs expertise/affiliation. In cases in which 

there were multiple authors hailing from multiple disciplines, the codes were organized under 

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

themes addressing the nature, product, and design activities 

 

Nature of design 

¶ Design is Not Science (although they share similar values). 

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

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

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

¶ Design is Not Merely Technical Process (it cannot be pinned down). 

Products of design 

¶ The Goal of Design is Not to Produce Knowledge (although knowledge is produced in some 

form).  

¶ The Product of Design is Not the Artifact itself. 

Design activities  

¶ Design Activities  

¶ Non-Design Backgrounds. 

¶ Non-design Contexts.  

¶ Non-Design, Pre-Design and Post-Design Tasks 

Figure 1 shows the thematic codes in correlation to discipline and chronology. The year the 

papers were published in which the codes were identified is plotted on the óYô axis while the 

thematic codes are plotted on the óXô axis. In this 30-year range, one can observe that the majority 

of disciplines discuss why design is not problem solving nor of technical nature. Specifically, the 

theme of problem solving has been most prevalent in the discipline of computing. This was also 

demonstrated through statistical significance for computing studies when a one-way ANOVA (F 

(10, 51) = 2.17, p = .035) was conducted comparing thematic codes of all disciplines. Besides 

computing studies, none of the other disciplines showed statistical significance in the distribution 

of thematic codes, this finding might suggest that because computing studies is traditionally 

affiliated with problem-solving, there was an internal debate within this disciple to go beyond that 

framework. 
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Figure 1. Thematic discussions within discipline 

 

 

Figure 2. Disciplinary discussions within theme 

 

Figure 2 shows that three disciplines (architecture, product/ industrial design and technology) led 

the majority of the discussion on what is not considered to be design.  The papers show more 

robust discussions in recent years in the discipline of although no statistical significance was 

found between the year of publication and themes. Additionally, there was no significant 

correlation in the discussion of themes between disciplines. This was a little surprising result 

since we anticipated that thematic discussions would be correlated between various disciplines.   
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4 Nature of design  

4.1  Design is not science (although they share similar values) 

Number of authors advance the view that design is not the same as science although comparisons 

have been made showing similarities. Science is considered analytic while design is considered 

constructive. In the area of mechanical engineering, for example, engineering science, is located 

on the analytic side while engineering design is placed on the synthetic side (Owen, 1998). The 

scientific method is considered as a pattern of problem-solving behavior employed in finding out 

the nature of what exists, whereas design method is considered as a pattern of behavior employed 

in inventing things of value which do not yet exist (Cross, Naughton, & Walker, 1981). 

Another paper on architectural design suggests that while scientists strive to isolate the "best" and 

the most superior option, architectural designers narrow down their options by satisfying what 

they can. Making a distinction between design and science others argue that the only way of 

knowing truth would be to put a scientific theory to the most stringent tests requiring the scientist 

to sincerely and vigorously become an antagonist to their own theories. On the other hand, the 

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

In advancing the design v/s science distinction, the mental activities of a scientist are 

characterized by a ñmind-to-worldò direction of fit, while in contrast, a designerôs mental 

activities are considered to be dominated by a ñworld-to-mindò direction of fit (Helighen, Cavalin 

& Bianchin, 2009). In general, for a designer, it might be sufficient to propose a novel idea 

without actually designing the artefact, whereas the scientist must produce an artefact such as a 

scientific theory (Galle, & Kroes, 2014).  Design is considered as an action process aimed at 

predetermined goals whereas science is aimed at creating knowledge about something. In this 

sense, design is considered a service discipline, unlike science (Jonas, 1993). 

However, other researchers take a more conciliatory tone. They understand that much like 

science, design as a discipline, can be studied under its own terms, and within its own rigorous 

culture. A science of design is possible based on the reflective practice of design. The design 

process is therefore inherently fluid, because it is not blinkered by the quest to achieve one design 

goal; rather it is open to new goals that one discovers accidentally and unintentionally (Meng, 

2009). 

 

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

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

neither consider design as pure art. In this view, design is intentional, hypothetical and predictive 

transcending creative intuition to include an explicit political dimension. It involves choosing a 

range of options to allocate material resources despite possible conflicts between the short and 

long-term requirements (Lawrence, 1993). In other words, design activities are considered not 

merely impulsive, habitual, or coincidental, but rather conscious, selective and intelligent 

(UluoỲlu, 2000).   

Creative design is not necessarily considered ñgoodò design in terms of quality. A designer aims 

to achieve a high-quality design, with creativity only as one aspect. In fact, creativity is not a 

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

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

Although the creation of design is considered simple, itôs however not considered a simplistic act. 

For example, in the case of wayfinding design, logic and efficiency are as important as making 

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

design involves problem-framing ability (Dorst, & Cross, 2001) and creative designers attempt 
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more problem-finding segments (Liu, 2000). Contrary to the view that beginning designers are 

more creative, some researchers observe that expert designers, solve design problems in a more 

creative manner than beginners (Hanna & Barber, 2001).   

Others consider design not just as an art, neither engineering nor science, but as integrative 

discipline. It is this generalism that is considered to make a good designer valuable (Owen, 1991). 

There is also the debate within the design disciplines about which disciplines are more artistically 

inclined than others. For example, some refer to architecture and industrial design as more artistic 

than engineering design, the latter being relatively constrained by the needs of customers and 

company shareholders (Eder, 1981) 

 

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

Some consider design is more than merely problem solving. It is the result that carries some part 

of the designer in it. In other words, beyond mere problem solving in design there is an 

ñaffectiveò requirement characterized by a leap of faith placing the designer in a creative situation 

and deriving vicarious satisfaction about the creation (Louridas, 1999). Additionally, design is not 

just about the creation of useful artefacts. Itis equally about the creation of beautiful artefacts in 

which utility and aesthetics intertwine in the design process (Louridas, 1999). 

Beyond mere problem solving, some authors suggest that the job of a designer is to give the client 

not simply what they want, but what they never dreamed they wanted; and when they get it, they 

recognize it as something they wanted all the time. In other words, clients want designers to 

transcend the obvious and the mundane, and to produce proposals which are exciting and 

stimulating. What this means is that design is not a search for the optimum solution to the given 

problem, but also exploratory (Cross, 1999). Similarly, other papers consider that the evaluation 

of the solution is equally important to the analysis of the problem. Hence designer is considered to 

be solution-led, not problem-led. Designers formulate and solve problems differently than other 

professions. In some cases, they generate conjectures about possible (partial) solutions and use 

these conjectures as a way of exploring and define the problem and the solution together 

(Restrepo & Christiaans, 2004). A problem-solving paradigm is apt where the problem is ófairly 

clear cutô, but that reflection-in-action is better suited to conceptual design. The process is one of 

a designer interacting with an external representation, performing a series of experiments, the 

results of which influence further experiments (Smith & Gero, 2005). Design processes are not 

problem solving in the orthodox form in which problem statements reveal solution paths; rather 

they are way of resolving conflicting criteria for validating results and multiple solutions (Bijl, 

1985).  

Creative design is not a matter of first fixing the problem and then searching for a satisfactory 

solution. It is a matter of developing and refining both the formulation of a problem and ideas for 

a solution concurrently, with constant iteration of analysis, synthesis and evaluation processes 

through a óco-evolutionô of the problem and the solution (Dorst, 2004).  While much in design is 

conjecture, much is not. All designing involves some guesswork. But like medical research the 

texture of design is not literally trial and error, it is not merely unremitting guesswork (Bamford, 

2002). 

While design problems are generally considered as ill-structured problems, further distinction can 

be observed within them.  The first difference is that in design, imagination needs to be applied 

right from the very fundamental level of the interpretation of concepts.  A second difference is 

that design requires the use of experiments and simulation techniques. Thirdly, designing is 

fundamentally a social process. The stakeholders need to develop a way of reaching a solution, 

which cannot exist before the design situation arises (Dorst & Royakkers, 2006).  



 

63 
 

The distinction between design and problem solving is also made in studies of cognition and 

brain.  Compared to problem-solving, studying design tasks require a more extensive network of 

brain areas. Although a problem-solving task may require creative thinking and hypothesis 

formation, the problem itself is well-defined. In the design tasks there is no predetermined final 

state or criterion for deciding the termination of the task (the task is open-ended). The task 

requires defining the problem as well as the solution space: it requires the creation and 

interpretation, as well as the creation of a function (criteria) for evaluating the solution (Alexiou, 

Zamenopoulos, Johnson, & Gilbert, 2009). 

 

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

Some authors believe that design is not a mechanistic process which can be fully described in a 

manual, but a complex and elaborate socially mediated activity (Baird, Moore, & Jagodzinski, 

2000). Even when design is conducted by engineers, it is not a mechanical or rational in the 

managerial or economistôs sense. Instead, design is a social process (Ball, & Ormerod, 2000). 

Design is not only individual action but has to be implemented on an organizational level to be 

effective. Good design practice requires more than individual strategies and methodology 

(Lauche, 2005). The conception of a design is not simply a representation in visual form of 

predetermined values, but a creative, catalytic process in which external factors interact with the 

beliefs, talents and skills of individual design groups and shaped by the designersô own cultural 

and societal values (Razzaghi, Ramirez Jr, & Zehner, 2009). Descriptive studies involving design 

teams demonstrate that design is not only a complex technical process but also a complex social 

process. Modern multi-disciplinary design demands that engineers work in teams and to be 

successful the team has to reach some shared or commonly held understanding. Thus, design 

needs to address the design process as an integration of the technical process, the cognitive 

process, and the social process (Macmillan, Steele, Austin, Kirby, & Spence, 2001). 

 

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

Several papers consider that design is more than a technical process and unpredictable. Design is 

not a straightforward process (Tilley & Burrows, 1995) and cannot be pinned down like 

butterflies (Margolin, 1992). Design is not a set of technical skills, but unique ways of knowing 

and thinking that form part of the process (Friedman, 2007). Neither is it a rule-based or symbol 

processing activity (Coyne, & Snodgrass, 1993), nor can it be reduced entirely to a set sequence 

(Dorst & Dijkhuis, 1995).  A design is not an end in itself, but an input for the next step, which 

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

Design is also not considered a single process, but a mix of activities that range from individual 

work to meetings and reviews in groups. Instead of the idea that designing is one 'thing' design 

consists of many ways of thinking (Lloyd, Lawson, & Scott, 1995). There are generally many 

iterations and cross linkages that take place all the way through the process and certainly at the 

front end (Turner, 1991). Furthermore, several design tasks can be carried out in different ways or 

styles, using alternative technologies. The various disciplines engaged in design differ in terms of 

the types of problems they address and the products they design, and the design process feeds on a 

continuing interplay between experimentation and what they disclose to our understanding (Akin, 

1997). Design operates not on any single episode of design, but on the dynamics of how the 

problem responds to changes in its articulation by the designer (Newton, 2004).   

Additionally, design is not just a process or a profession, it is experienced as a situation that a 

designer finds him/herself in.  As a designer, one is being continually faced with the very concrete 
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challenge of perceived design problem, and one has to decide on the kind and content of the 

action to take in specific situation. In most cases, considerations linked to the content of the 

design situation (the perceived design problem, the designer's goals and the perceived possibilities 

for the next step) will determine the 'kind of action' (Dorst & Dikhuis, 1995). 

 

5 Products of design 

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

form)   

There have been rigorous debates on the ultimate goal of design. For example, much different 

from the goal of science, which is to create knowledge, some consider that the goal of design is to 

change the environment. Knowledge is cumulative, and while it tends to produce higher levels of 

refinement and sophistication in design, the principal function of design is not to produce 

knowledge but to have an effect. It is through design that science exceeds being pure knowledge 

and participates in creating an effect (Willem, 1990).  Similarly, design decisions are largely 

influenced by experience, creativity, innovation and other factors and it is not always possible to 

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

While knowledge on 'the way the world is' enters design decision-making at many crucial points 

and many different guises, in the early stages of the design process, when many critical decisions 

are made, designers are in no position to collect much relevant information anyway. Often all they 

have to work with are environments, paper designs, mock-ups and prototypes. While these yield 

useful information, that usefulness is directly proportional to the designers' ability to intuit 

potential scenarios by bringing their experience and cultural knowledge to bear upon the problem.  

In this case knowledge is bound to social processes much like law and medicine (Sharrock & 

Anderson, 1994). 

While the goal of design is not to produce knowledge, designers have to accumulate the 

knowledge to make effective design. While the unselfconscious designer of the past could rely on 

tradition and afford not to have an explicit knowledge base, the contemporary designer has to 

have adequate design qualifications and be able to distinguish a design from the work of all other 

designers (Louridas, 1999). 

 

5.2 The Product of Design is not the Artifact itself 

While debates are presented on what might be the ultimate product of design, several authors 

suggest that the true product of design is not the designed artifact itself, but rather the change the 

artifact brings about in the world, and the experience it eventually provides to its users (Jackson, 

2010).  The philosophical argument is that the subject area of design cannot be the actual artefacts 

themselves because there are no such things at the time of designing.  Instead, it is the artefact 

structure and their parts from which design is constructed. Design artefacts only gain meaning 

because they acquire their meaning from the structures they describe. Design is not about artefacts 

at all but is merely a play with symbols and patterns (Galle & Kroes, 2014). 

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

not have a function yet and cannot be called an artefact. Artefact is action-theoretical rather than 

metaphysical. They have intentional history and role. This role may be different for different 

agents, and one object may even play different roles at the same time. This distinguishes them 

from non-designed objects, such as water and air because its use and function are intelligible to 

users (Houkes, Vermaas, Dorst, & de Vries, 2002). 

Moreover, the primary concern in design is not about perfection of form and aesthetics, but rather 
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how it opens up for use. While the object itself is still quite central, notions of form and the 

finished-ness of the object also play an important role. In design, one has to accept roughness and 

improvisation as part of the design process (Redström, 2008).  In other words, the object of design 

is not a real object; it doesnôt exist yet in process. What does exist are things like charts, 

acronyms, sketches, diagrams, models, mock-ups, product line, specifications etc. The emergent 

meaning is both referential and inferential: object (and concepts) acquires meaning by association 

with other objects (and/or concepts). The mockup itself may be minimalist in its rendering in 

material form and yet could be a vehicle for wide-ranging, energetic, and meaningful exchange 

(Bucciarelli, 2002). 

Similarly, design products such as drawings are not as critical as the idea that the drawings 

represent (Medway, & Clark, 2003).  Additionally, design is not just a copy of existing designs. 

They still need to be modified to satisfy aesthetic and functional requirements (Lim, Qin, Prieto, 

Wright, & Shackleton, 2004). Designers use the medium of representing massing elements, and in 

particular, elements of regulation to manage the design process itself. This includes management 

of partïwhole relationships, hierarchy, topologyïgeometry relationships, scaffolding the design 

process, and structuring/ restructuring of problem parameters. Each of these is a separate facet of 

the same phenomenon of managing the design process through massing representations (Akin & 

Moustapha, 2004). 

 

6 Design activities  

6.1  Non-Design Backgrounds 

Differing views have been presented on whether a distinction needs to be made between design 

and non-design professions. Some consider even proximate professions such as arts as hailing 

from a non-design background (Chung, & Whitfield, 1999). Others consider   professions with 

technical skills in design as part of design discipline (for example, arts, crafts, advertising, interior 

design, etc.) in relation to non-design backgrounds (for example, toolmaking, electronics, 

mechanical engineering, etc.) (Yang, You, & Chen, 2005).  Some question whether there is an 

empirical basis to such distinction. In one experimental study, senior design students produced 

more creative forms during a mental synthesis task than non-designers (law discipline) who 

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

The concept of ñdesign thinkingò has been adopted to infuse iterative and ambiguous nature of 

professions such as business management and entrepreneurial business innovation. There has also 

been growing interest on design thinking from sectors as education, health and information 

technology, environmental sustainability, welfare and social justice. These developments have 

caused concerns among the design professionals because they suspect an uncritical deployment of 

the term design thinking in contexts other than design as a fad, instead of being a real opportunity 

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

 

6.2  Non-design contexts  

Design is not purposeful without the environment and context within which it operates. Hence, 

some authors suggest a more wide-ranging view of design problem-solving which attempts to 

foster a recognition of the importance of contextualization in design cognition. They claim that in 

contrast to software design, design behavior cannot be isolated from its context and the need to 

remain aware of the social, educational and organization factors which mediate design behavior 

(Davies & Castell, 1992).  Another study makes a distinction between non-design problems such 

as computer simulated scenarios (operating an engineering plant & firefighting exercise) to a 
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design problem (modifying height and inclination of a writing table). Opposed to the design 

problem, they claim that the computer simulated complex problems do not require specialized 

knowledge (Eisentraut, 1999).  Although designers do not always consciously use environmental 

factors in the process of designing, they have a very good mental model of the operating 

environment and use it to develop a workable proposition. After the design is completed, 

environmental context is used as measurable factor for evaluation and optimization (Hybs & 

Gero, 1992). 

 

6.3  Non-design, pre-design and post-design tasks 

A number of authors have made a distinction between tasks that are aligned to design and the 

ones which are not. Non-design activities are considered as activities that do not involve design. 

Design activities include problem definition, gathering information, developing alternative 

solutions stage, generating ideas, modelling, feasibility analysis, evaluation, project realization, 

decision and communication (Atman, Cardella, Turns & Adams, 2005). This is opposed to a non-

design task that might include a linguistic interpretation and explanation of noun phrases (Nagai, 

Taura, & Mukai, 2009). Others view that research conducted in the social sciences are more 

aligned with non-design problems (Yang, 2010).  

There are those who also make a further distinction between design and activities that precede or 

follow design proper. These are called as ópre-designô and ópost-designô activities. The pre-design 

phase generally includes reasoning or organizing activities while the post-design phase includes 

evaluation tasks (Eilouti, 2009).  The pre-design reasoning activity includes precedent case 

retrieval, organization of information, the representation of the extracted information into more 

accessible forms, and the prototyping of its representations for future design solutions. Post-

design includes the comparison of a generated solution to other precedents that can be considered 

successful solutions, and the performance simulation of proposed scenarios of the generated 

design (Eilouti, 2009). The ñdesignò proper include mapping of a precedent to a design problem, 

modification of the solutions, adaptation of the revealed sub-solutions, their synthesis and 

development, and the documentation of the selected solutions. 

Some papers refer to pre-design activities as front-end activities. Subsequently design activities 

are classified as pre-phase (opportunity identification and idea generation), phase zero (product 

concept and definition, including market and technology assessment) and phase one (product 

definition, justification and planning) (Tzortzopoulos, Cooper, Chan, & Kagioglou, 2006). Others 

consider requirement management as a part of the pre-design services (Duerk, 1993). 

Requirement-driven design is an information-based approach facilitating consistent design 

rationale tracking and evaluation, verification, and validation of design (Ozkaya, & Akin, 2006). 

The American Institute of Architects divide the design process into pre-design services, schematic 

design, design development, construction documents, construction administration and post-design 

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

the planning team generally employ several interactive methods and techniques to collect 

information on the internal and external forces that impact a given project. Generally speaking, 

the planning team may conduct environmental evaluations and assessments, collect data, research 

best practices, interview different user groups, establish goals, and generate a list of technology 

and equipment needs. During this inquiry process, objectives are established, the context of the 

design problem is identified, and the performance requirements are defined (Maier, Fadel, & 

Battisto, 2009).  

Pre-design is also sometimes used synonymously with research. Pre-design research is concerned 

with determining the requirements for organization and planning thus leading to a solution of the 
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project, and creating design guidelines (Johannes, 1992). One study claims that the success rate of 

design based on clear and well-defined specifications emerging from pre-design research is 3.3 

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

 In software design, some utilize pre-designed solutions of design elements such as libraries of 

borders. As software matures through the release of progressive versions, changes are often made 

which are direct results of feedback from professionals who have used the products. These 

progressive changes are often developed from ówish listsô compiled by users forming the genetic 

building blocks, or memes that will carry the genetics of the software program (Cleveland, 2004). 

 

7 Conclusions 

To understand ñwhat design isò or ñwhat design ought to be,ò this paper examined the negative 

question of ñwhat design is not?ò The summary of semantic analysis of negative connotations 

referring to design demonstrates that design has been traditionally described in various ways at 

different points of time. Researchers in specific disciplines have questioned internally about what 

design means in their profession, although a multidisciplinary meta-analysis was seldom 

undertaken. Historically the debates on the nature of design have focused on why design is not 

merely science, artistic creativity or problem solving. By negation, one could conclude that design 

is made up of these three ingredients in various capacities and specific to the discipline itself. The 

more recent discussions have considered design as a more social one. 

From long-standing debates about science, art and problem-solving to more recent discussions on 

artifacts, products and technology, the design profession and its boundaries have been in constant 

flux.  As much as there are intellectual debates about the true nature of design and what is meant 

by a design task or activities, the recent advancements in technology and collaborative designing 

have rendered design activities further blurred.  

While the study shows that there is more understanding on what designers do, three recent debates 

have focused on the ultimate goal or products of design. Considering design as an instrumental 

profession, there seems to be mixed debates on whether design needs to result in a knowledge 

base or aim only for change, whether and which artifacts should design produce, and to what 

extent it should be a service-based profession. With the advent of co-designing, research and pre/ 

post design activities, the profession is looking to further define who can actually function as a 

designer and whether or not professionals and public as a whole from non-design backgrounds 

can be productive partners. A discussion on inclusivity and exclusivity of the profession will take 

the design profession into a more philosophical and moral reckoning in the near future.  
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Abstract. Design thinking concepts such as storytelling, framing, and co-evolution, have been established from 

close readings of design activity. The increase in easy-to-use computational methodologies provides an 

opportunity to validate these concepts more widely. Among these concepts, storytelling is already 

operationalised through various computational approaches. In this paper, we create one corpus of design activity 

data from the four shared-data DTRS workshops and use Linguistic Inquiry and Word Count (LIWC) in 

attempting to automatically detect components of stories. However, the conversational nature of the data 

indicates that further development in methodology is needed. The contribution of the paper lies both in outlining 

how an automated method for identifying stories could work and showing how the DTRS corpus can be 

compared with other large datasets outside of the design discipline. This represents a further step on the way to 

understanding design thinking in conversational contexts. 

 

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

 

 

 

7 Introduction  

Over a period of nearly 30 years the Design Thinking Research Symposium series (Cross, 2018) has 

conducted four shared data workshops, generating data from design activity in a number of different 

contexts including: think aloud protocols (Cross, Christiaans & Dorst, 1996), designer-client 

discussion (McDonnell & Lloyd, 2009), design education (Adams & Siddiqui, 2010), and co-creation 

(Christensen, Ball & Halskov, 2017). In bringing different research groups and traditions together, the 

key achievement of these workshops has been to develop a common language with which to describe 

design activity. A central research thread of these workshops has been to consider the function of 

different words and the structure of different word forms in discourses of designing and evidencing 

specific ideas about what constitutes design activity with textual data has formed the basis of this 

inquiry. The concept of óframingô, for example, as it pertains to both Schon (1983) and Goffman 

(1974) has been explored by Dorst & Dijkhuis (1995), Glock (2009), Mabogunje et al. (2009), 

Secules, Gupta & Elby (2015), and Dong & MacDonald (2017). Such extensive exploration and 

development of a common language to describe designing through analysing common data can 

equally be applied to other now familiar concepts such as óco-evolutionô, óproblem-findingô, and 

óevaluationô.  

One particular concept relating to design activity that has recently found traction is that of 

óstorytellingô. This is the idea that significant parts of the design process, particularly in naturally 

occurring datasets, are taken up with narrative structures that place actors, objects and relations in 

specific contexts. Arguably the early DTRS analyses on episodic memory (Visser, 1995) and 

precedents (Oxman, 1994) established a foundation for later work on storytelling to emerge (Lloyd, 

mailto:a.a.akdag@uu.nl
mailto:P.A.Lloyd%7d@tudelft.nl
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2000) and develop (Lloyd, 2009). Most recently ï in terms of the DTRS ï Lloyd & Oak (2018) 

identified óvalue tensionô as an important function that stories have in design conversations:  

ñA story [é] provides a dynamic structure through which values can be framed and categorised, and 

through which design-oriented arguments can be presented.ò p.109 

Concepts like that of storytelling, and the other concepts listed above, have given us a rich language 

with which to describe and present design activity, both within the DTRS datasets and more widely in 

the design research field. However, they are (necessarily) derived from the selective use of examples 

from design protocols. In this respect they represent the first phase of a research process highlighting 

general features of design activity. A general method of the DTRS workshops when looking at 

language use has been to ófitô concepts with textual excerpts, showing how a particular linguistic 

mechanism might be in play. This is a manual process of close analysis and description, selecting self-

defined points of interest in the discourse and describing them in abstract terms.  

We might, then legitimately ask: are these concepts robust? Are they features of design discourse that 

can be readily and reliably identified? Can we show that they are necessary conditions of design 

activity? 

More automated methods of textual analysis have begun to be applied to DTRS data to explore more 

general features of the design protocols (Menning et al., 2017). This paper extends this recent trend by 

treating the DTRS data as a single corpus, amenable to computational linguistic analysis. Rather than 

identifying specific discursive practices within a particular dataset, we seek both to characterise these 

DTRS data more broadly and begin to validate previously established concepts about designing. We 

do this particularly in comparison to other types of textual corpuses. With more and more training 

datasets becoming available and with analytical sophistication increasing rapidly (Archer & Jockers, 

2016), it is now possible to use comparative methods to test both specific concepts related to the 

DTRS data - in the case of this paper that of óstorytellingô - as well as reveal more general regularities. 

In this paper we first describe the constitution of the DTRS corpus that we have created. We then go 

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

applied to the DTRS corpus and compared to other large datasets. The main body of the paper 

considers the concept of óstorytellingô, discussing how it can be constituted and operationalised to 

reveal narrative and emotional arcs in textual data. We conclude by saying that although we cannot 

replicate the significant results of others, we do show new methods for automated data analysis of 

design activity to facilitate cross-corpora comparison.  

 

2 Building a DTRS corpus 

The datasets from the four different shared-data workshops of the Design Thinking Research 

Symposium feature several different disciplines related to design: DTRS2 - industrial design 

engineering, DTRS7 - architecture and engineering design, DTRS10 - design education and DTRS11 

- product design. These datasets encompass a variety of design activities from think aloud protocols 

(DTRS2), designer-client discussion (DTRS7), design education (DTRS10), and co-creation 

(DTRS11). Apart from DTRS10, which followed the design process of students and the feedback they 

received from their lecturers, all other datasets were collected from the meetings of design 

professionals.  

The datasets differ in length and in the number of participants: DTRS2 is the smallest with one 2-hour 

óthink-aloudô design session with a single designer and another 2-hour session with three designers. 

The design conversation focuses on a bicycle accessory. DTRS7 has four 2-hour meetings, where two 

of these feature conversations between an architect and his clients. The other two are between a 

multidisciplinary design team working on the design of a digital pen. DTRS10 consists of 38 sessions 

of various lengths, and varying number of participants. As the sessions feature teacher-student 
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discussions in five disciplines (industrial design, mechanical design, service-learning design, 

entrepreneurial design, and choreography) a different conversation hierarchy can be observed. 

DTRS11 contains 20 sessions of varying length with a focus on preparing and discussing the results 

of co-creation meetings. In total, it has 17 participants. Together, these datasets contain a rich 

reflection of design activities that occur in diverse stages of design including how designers think, 

discuss, reflect, evaluate, and talk to their clients.  

To build the DTRS corpus from these datasets, we first got the appropriate permissions and 

anonymized the data by rendering all datasets into a tabulated format with dataset name, session 

name, speaker, and utterances. We kept filler words such as óehm, uhmô etc. as well as descriptions of 

actions, such as [laughs], to maintain the conversational flow. The resulting corpus has 373,983 words 

spread across 64 sessions from the 4 datasets. A more detailed description can be found in Lloyd et al. 

(2021) and in our sister paper for DTRS13, Chandrasegaran et al. (2021). This corpus, though not big 

enough to be of use as a training dataset for an AI application, is nonetheless a valuable resource to 

explore hypotheses about the features of design discourse and dialogue. 

 

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

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

the purpose of studying the grammatical, linguistic and socio-psychological dimensions of textual 

data. LIWC provides a ógold standardô of categories reflecting these dimensions through individual 

words (Fast, Chen & Bernstein, 2016) and has been used for more than twenty years to analyze a huge 

range of textual datasets. Over the course of these twenty years, the dictionary has been enhanced to 

its current format, which now has about 6,400 dictionary words and word stems in 91 categories and 

sub-categories. These categories cover linguistic (e.g., pronouns, prepositions), other grammar (e.g., 

quantifiers, common adjectives), and psychological processes (e.g., positive emotion, insight). Table 1 

lists some of these categories with word examples.  

 

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

91 categories 

 

Main Category Sub-Category Examples 

Linguistic Dimension              Function Words 

Pronouns 
1st per. singular I, me, mine 

3rd per. plural they, their, theyôd 

Impersonal pronouns   it, itôs, those 

Articles   a, an, the 

Prepositions   to, with, above 

Negations   no, not, never 

Other Grammar   

Common verbs   eat, come, carry 

Common adjectives   free, happy, long 

Interrogatives   how, when, went 

Quantifiers  few, many, much 

Psychological Processes   

Affective proc. Positive emotion love, nice, sweet 
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Negative emotion hurt, ugly, sad 

Social processes. 

 mate, talk 

Friends buddy, neighbour 

Cognitive processes. 
Insight, Tentative, 

Differentiation 

know, think, realise, maybe, perhaps, could, hasnôt, 

but, else 

Perceptual processes. See, Hear, Feel view, saw, seen, listen, hearing, feels, touch 

Drives Achievement, Power 
win, success, better, superior, bully, danger, doubt, 

chance 

Time orientation 
Past focus, Present focus, 

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

Relativity Motion, Space, Time arrive, bike, go, down, in, thin, end, until, season 

 

In comparison to coding frameworks introduced in the design literature, using LIWC as a coding tool 

allows us to explore a wider range of linguistic phenomena. Existing design process coding 

frameworks tend to focus on a particular aspect of design such as different types of reasoning, how 

the design object is described, or the design stages themselves. In contrast, LIWC identifies more 

general cognitive, emotional, perceptual and social processes. Since LIWC is a general dictionary 

used in various disciplines for many different purposes, a LIWC analysis of design discourse can be 

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

designing talk.   

We first use LIWC categories to generate a network structure from text files. The LIWC dictionary 

assigns words to more than one category. For example, to think is both a verb (belonging to the 

ófunctionô category) and part of the ócognitive processô category at the same time. Using these 

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

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

this approach, as well as two further datasets for comparison purposes: the Internet Movie Database 

(IMDB) corpus with 1068 movie scripts (Danescu-Niculescu-Mizil & Lee, 2011) and a Written 

Corpora with 680,000 blogposts and 500 scientific books (Lloyd et al., 2021). The IMDB corpus 

gives insight to everyday conversations, and the comparison to DTRS dataset can highlight if there 

are specifics to designer conversations versus everyday language. Written Corpora in contrast follows 

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

which is lacking in conversational datasets. 

Figure 1 shows these three datasetsô network structures. Nodes represent LIWC subcategories, their 

sizes indicate frequency of use, links indicate words shared by two categories (i.e., nodes), and 

proximity of nodes is determined by link strength. Subsequently, if two categories are frequently used 

together, they will appear closer in the graph, which is useful to visualise conceptual connections. As 

each dataset is defined by the way they use LIWC categories, the network maps provide us with an 

overview of both their similarities and differences. For example, the DTRS corpus uses more 

ócognitive processô words whereas the IMDB database has more óbiological processô words. 

'Cognitive processô contains words related to problem solving, so we might expect to see more of 

these words in design protocols, whilst the óbiological processô category covers óbody-relatedô events, 

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

ófunctionô category node, which means less use of pronouns, for example, and hence less ambiguity. 

Beside the node sizes themselves, how the nodes are connected also gives important clues. It is good 

to stress here that when the nodes are closer together, means that the corresponding categories share 

words more frequently. For DTRS, this is especially pronounced in the three closely connected 

categories: ócognitive processô, órelativeô, óverbô. Among these categories, the órelativeô category 

covers time and space related words. We take the close connection between these nodes as an 



 

75 
 

indication that objects in time and space [relative] are being modelled [verb] through problem solving 

activity [cognitive process].  

 

 

Figure 1. An overview of LIWC Category Network Maps for IMDB data (left), DTRS data (middle) and 

Written Corpora (right). Each network has 73 LIWC subcategories as nodes and coloured according to the top 

12 categories to which they belong. Relative node sizes represent the number of unique words from the dataset 

that fall into the corresponding LIWC category. Similarly, link thickness between two nodes represents the 

number of unique words from the dataset that appear in the two corresponding LIWC categories. 

 

In the following sections we explain how LIWC can be used to explore and analyse the concepts of 

óstoryô and óstorytellingô as they appear in textual data. Storytelling is an activity that is, of course, not 

reserved for designing but is very much a part of everyday life. We tell stories for many reasons 

during conversations, however, the extent and instances in which we do this has not been 

quantitatively studied. To look at the idea of storytelling as it applies to the DTRS corpus we need 

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

 

4 Analysing storytelling in conversations 

4.1 The structure of stories 

What is it that forms the structure of a story? The search to define the basic elements of what 

constitutes a story stretches back to Aristotleôs Poetics and the narrative arc of óbeginning, middle, 

and endô. In the 19th Century Freytag (1960) argued that narratives consisted of five key components 

unfolding over time: exposition, rising action, climax, falling action, and resolution. The literature 

studies as a field offer more theories, but for the purposes of this paper, we focus on the types of 

narrative distinctions which are applied to quantitative textual data analysis. Boyd et al. (2020) 

identify three narrative markers ï staging, plot progression, and cognitive tension ï in several large 

datasets. van Laer et al. (2019) identify the degree of what they term ónarrativityô in a dataset of 

TripAdvisor reviews by tagging narrative content (i.e., affective consciousness, cognitive 

consciousness, spatial and temporal embeddings) and narrative discourse (genres such as drama, 

tragedy, comedy etc.). Finally, Reagan et al. (2016) classify computationally six types of óemotional 

arcsô present in a dataset of 1327 works of fiction to reveal the affective complexity of narratives. 

Of the three studies mentioned above, the study by Boyd et al. (2020) draws explicitly on the LIWC 

dictionary and is the analytical framework we adopt to look at the DTRS dataset. Following Freytagôs 

theory, they divide a story arc into five segments and map these to three story elements: staging, plot 

progression, and cognitive tension which can be identified in terms of LIWC categories.  
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Staging: the beginning of a story (i.e., the first segment) is usually reserved for introducing unknowns 

to the audience. To do so, the writer or speaker needs to use prepositions and articles more than other 

word categories. Once the staging is done, the number of words from these categories is expected to 

reduce in the following segments.  

Plot progression: after the introduction of characters and the setting, the story moves along by using 

words from the function category. As an indicator of this, pronouns and auxiliary verbs are expected 

to rise from the second segment onwards.  

Cognitive tension: each story sets up certain challenges and problems that are resolved through the 

unfolding of events and actions taken by the characters. These points in the story result in the usage of 

words from the cognitive processes category, with the peak coming in the middle of the story, after 

which the story moves towards the resolution.  

Boyd et al. (2020) established these patterns for three different corpora in their paper resulting in the 

LIWC dictionary file being updated for this óstory identificationô task. As shown in the LIWC 

network maps of Figure 1, words belong to more than one category. Boyd et al. found that this 

overlap between categories generates some noise when looking at a narrative, so they published two 

additional dictionaries to control for the overlaps. These dictionaries are called Arc of Narrative 

(AON) with some overlap, and AON without overlap.  We used both AON dictionaries as well as the 

original LIWC dictionary for our analysis. The results between the three were similar, hence, we 

report the results for the AON without overlap as the results were more pronounced for this dictionary. 

Additionally, Malin et al. (2014) analysed the emotional tone of stories with LIWC, again by 

segmenting stories first into five equal length and then calculating the positive and negative affect of 

each segment with LIWCôs corresponding categories. They differentiate between redemptive and 

contaminative stories. Redemptive stories have happy endings, hence a positive emotional rise 

towards the end, whereas contaminative stories have a sad ending with a negative emotional rise at the 

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

al.ôs approach to examine which emotional arcs are prevalent in the DTRS and comparison datasets. 

 

4.2 A LIWC analysis of DTRS stories 

For the purposes of this paper, we made the assumption that we would be more likely to find stories in 

DTRS if we looked at long utterances. We therefore filtered the DTRS dataset first by the length of 

utterances. As the conversations are between multiple speakers, the majority of the utterances were 

short. We extracted all utterances with more than 100 words, which returned 530 utterances. Manual 

inspection of these 530 utterances showed many instances where a description is given about objects, 

or users, but few full stories with all the story elements of staging, plot progression, and cognitive 

tension identified by Boyd et al. (2020). With this in mind, the 530 utterances were then filtered by 

one of the authors using manual annotation to check if the utterance contained story elements. This 

resulted in 267 utterances. 16 of these were tagged as óproperô stories, roughly corresponding to the 

elements outlined above, whereas the majority were deemed as story snippets, i.e., textual pieces that 

contain one or more story elements, but do not follow the basic principles that are found in every 

story. The following two excerpts illustrate the difference: 

Excerpt 1: Example DTRS story 

ñBut at some point I think you feel like "I'm a human, I'm made to use my hands, I'm made to walk on 

my feet", and when machines start to do everything I think, at some point we reach a level where you 

say to yourself, "I want to use my hands, because that's what they're made for, I want to use my feet 
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because that's what they're made for", and I think they will reach that stage at some point, soon 

maybe. That's what we feel- at least we feel in Scandinavia, that we want to return to the original 

human, we want to go out and use our hands, work the old-fashioned way, eat like we did in- in- in 

one hundred years ago, so.ò 

[Kenny, DTRS11, 127 words] 

Excerpt 2: Example DTRS snippet 

ñThis is the funeral that they had for this gentleman. And they may- these are the service sheets that 

they made up for him obviously showing in a sense his lifetime in pictures really and they had this on 

the wall itself and it just framed up and down and all the pictures just kept appearing on and off the 

screen and obviously in our chapel itôs so light itôs quite difficult to see some of them but this is, I 

mean this is this is sort of thing now this is started to move forward more now people wanted to do 

this and I mean in the back it says if you would like to receive a DVD please contact the family. Quite 

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

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

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

front which is again in our chapel quite light, difficult to see and he was then saying about the 

equipment that you would need. You'd need to have it really in the centre of the chapel sort of looking 

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

side erm and he was then talking about all sorts of expensive equipment that we'd have to be leasing 

from him and you know all sorts of costs. But I mean what the, the idea is this is starting to become 

more the norm now. And like I say in Australia they- he saw it in Australia, and he wants to be the 

main agent in this country. And so obviously it's something that he's seen, and thought was a money 

spinner for himself I'm not saying that it wouldn't be for usò 

[Female A, DTRS07, Crematorium Meeting 02, 347 words]    

In the first story excerpt, an idea, or rather a question is introduced as the opening of the story: what 

makes one a human? The staging is done via the use of the storytellerôs emotional reaction to the 

question, as life has brought them to the point of asking this question ñat some point I think you feel 

likeò. Then the story unfolds, making the comparison between man and machine, and the resolution 

comes right after that: in order to keep your humanity, you should use your body, and not leave 

everything to the machine.  

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

elements outlined above. It looks like two stories merged into each other. In the first one, a funeral is 

depicted where technology is used to tell the life story of the deceased person with photographs. There 

is not a progression of the plot however: we do not learn the details of the deceased personôs life. 

Instead, we hear about the technical problems encountered in the chapel: ñin our chapel itôs so light 

itôs quite difficult to see some of themò. The next part jumps back to the funeral, this time depicting 

the deceasedôs friends and family asking for those photographs. Then a new story is introduced: the 

company that installs the technology, and how much they ask for this service is described. For a 

human reader, these snippets form the moral of the text: there is demand for such technology, but it is 

not clear if the storyteller will adopt it. At the end, a resolution does not flow out of these story 

elements, even for a human observer. The computational challenge is to try and capture these story 

elements automatically outside of the expected narrative arcs. 
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4.3 An example analysis 

To demonstrate the Arc of Narrative LIWC dictionary in action, the following DTRS story is color-

coded, with the words related to staging coloured in orange, the words that are expected to be used for 

cognitive tension colored in blue, and the words for plot progression colored in green:  

 

"Things will be very different I think, cause like the current generation that we are talking to, are 

people who have experienced like the- still have a little bit, right? I had an ex-colleague who was 

twenty-eight maybe and his dad is a lawyer, and he told me that when he grew up he still lived in the 

alleyways with no bathroom, so that everybody had  a common bathroom, and now, you know, 

completely different, right?, and twenty eight is not that old, it's like our generation, so once you hit 

ten years from now, the people who already grew up with the bathroom in the house, they will have a 

completely different perception of this."   

[Rose, DTRS 11, Recap with consultants] 

Looking at the words highlighted in orange, we see that there is no extra staging in the first sentence, 

unlike the expectations. The use of article and prepositions is not higher than the remainder of the 

excerpt. On the contrary, towards the end, we see that articles and prepositions are used more. 

Turning to the words highlighted in blue, we see that there are only three words related to ócognitive 

processô. Roseôs story does not ask the listener to engage in cognitive processes. She does not pose a 

problem or challenge that needs to be resolved throughout the story. Rose rather asks her audience to 

remember a time when people did not have toilets in their homes.  

Lastly, if we look at words related to plot progression highlighted in green, we see that there are many 

of them distributed throughout the story. Indeed, there are so many that it would be better to use a 

quantitative approach to see the changing word use throughout the story. To do that LIWC offers 

diverse options such as giving the percentage of words appearing from a given category (like 

function-words) in a sentence, or in a paragraph, or the whole document. 

 

4.4 Comparison datasets 

To generate a baseline for datasets that contain short stories we made use of three existing comparison 

datasets. The reason for this was twofold: First, we would like to test if Boyd et al.ôs (2021) 

hypothesis that certain LIWC categories capture certain parts of a narrative arc would work in 

conversational datasets, not just in single person monologues (Boyd et al used TED talks and Court-

room orders as data). So, our first question is: How does the conversation dimension affect how 

stories are told?  

Second, since LIWC counts words given in a specific category, words used specifically during a 

conversation, such as filler words, does not constitute a problem. But since we extract only one 

utterance from a conversational flow, the different narrative markers of a story (staging, plot 

progression, cognitive tension) may occur over multiple utterances and hence be missed. So, our 

second question is: What is the effect of the length of a story?  

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

with turn-taking between participants, and utterances with more than 250 words rather rare. Still, a 

short story can be easily sketched with less than 250 words. If a story is told in less than 100 words, 

can LIWC still discern a change throughout the 5 story segments in relation to the 3 narrative 

elements? 

Our first comparison dataset, known as the ROC stories, is a written corpus containing 50,000 stories, 

each five sentences long, and generated using Amazon Mechanical Turk as part of a study looking at 

automatic story closure by Mostafazadeh et al. (2016) at ROChester university (hence ROC). The 
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sentences in these stories are brief to the point that a story has usually word counts around 60-80. The 

ROC corpus has two important features: it imitates the causal and temporal common-sense relations 

that are found in daily events, coming close to mini stories that are told in everyday life. Even though 

these stories contain no conversational phrasing, due to their briefness they are expected to be similar 

to stories told within the flow of a conversation. 

Our second dataset is the IMDB corpus, mentioned earlier in the paper, which contains 1068 movie 

scripts (Danescu-Niculescu-Mizil and Lee, (2011). The scripts are formatted to show the movie title, 

speaker, and the utterance. For the purposes of this research no further formatting is needed.  

Our third dataset contains 20 years of radio interviews on the US National Public Radio (NPR) 

network and contains the transcriptions of over 10,000 hours of audio interviews (Zhu et al., 2021). 

The transcripts are formatted with the program name, session, and the speaker along with the 

utterance. We assume that, even though both the NPR and IMDB datasets are scripted in some form, 

they are a close approximation to everyday conversation.   

We follow the same pre-processing steps that we applied to the combined DTRS dataset. For both the 

IMDB and the NPR datasets, we filter for utterances which were above a certain word count (WC). 

As these datasets are considerably larger than the DTRS datasets, we set the threshold to utterances 

with more than 140 words. After this filtering, the NPR dataset yields 8048 utterances, and IMDB 145 

utterances. The results of filtering reflect the differences in the average utterance length of these 

datasets, and of course the differences between the different types of conversation flows. Before 

filtering NPR consists of 105258 utterances, so the dataset contains lengthy utterances. In comparison, 

IMDB dataset has almost three times more utterances with 304713, but most of the utterances are 

short, and the 140 WC threshold yields only 145 results. The utterances in the ROC dataset are more-

or-less identical in length so we did not do any further filtering and randomly picked 10000 stories for 

our analysis.  

To show the similarities and differences between the stories in our three comparison datasets, we 

show some an example from each one of them. The five sentence length ROC stories have the 

expected story-arc elements, i.e., a beginning, a middle and an end: 

An example ROC story: 

ñJennifer has a big exam tomorrow. She got so stressed, she pulled an all-nighter. She went into class 

the next day, weary as can be. Her teacher stated that the test is postponed for next week. Jennifer felt 

bittersweet about it.ò 

 

In comparison, the IMDB dataset contains stories that are more diffuse: sometimes the beginning or 

end is not so clear as the conversation takes a different turn, or the story is packed with filler words 

asking for participation from other speakers: 

An example IMDB story: 

ñThere was this kid that I grew up with; he was a couple years younger than me, and sort of looked 

up to me, you know.  We did our first work together, worked our way out of the street.  Things were 

good and we made the most of it.  During prohibition, we ran molasses up to Canada and made a 

fortune; your father too. I guess as much as anyone, I loved him and trusted him. Later on, he had an 

idea to make a city out of a desert stop-over for G.I.'s on the way to the West Coast. That kid's name 

was Moe Greene, and the city he invented was Las Vegas. This was a great man; a man with vision 

and guts; and there isn't even a plaque or a signpost or a statue of him in that town.  Someone put a 

bullet through his eye; no one knows who gave the order.  When I heard about it I wasn't angry.  I 

knew Moe; I knew he was headstrong, and talking loud, and saying stupid things.  So when he turned 

up dead, I let it go, and said to myself: this is the business we've chosen. I never asked, who gave the 

go ahead because it had nothing to do with business.ò 
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NPR stories are similar to those of IMDB, especially when the speaker that tells the story is not a 

radio host, but they are more natural in terms of everyday conversation, with false starts, casual 

reflections, and repetition: 

 
 

An example NPR story: 

ñI walked in and then I looked around. And I realized I was really out of place. These people were at 

an audition. I mean, the girls had make up. The guys had these sick outfits on. And I look like, pretty 

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

guys. I was freaking living in these dance moves. I was like, I don't care what happens. They're going 

to remember me, even though I don't even live here. So there was like 200 people at this audition. At 

the end, there ended up being seven guys and five girls. And they put us on video and they were like, 

you know, if we want you, we'll give you a call in a couple weeks. And I literally left there like, 

whatever, this doesn't matter. I don't even really care. I went back home to New Jersey. Two weeks 

later, I was at the laundromat with my pocket full of quarters, when I got the phone call that the 

agency wanted me to move to LA to pursue a career in dance. So, I get there, I was dancing. I did 

some TV shows. I did some musicals. I was teaching a dance class and my dance class at the gym was 

really popular. So my big break came when a friend called me and said, hey, there's this company 

named Beach Body that wants you to see if you can develop a project with them. So, I go into the 

Beach Body office. I ended up being there for two hours and that day I left with my contract for Hip 

Hop Abs.ò 

 

As with the DTRS dataset, we used the LIWC AON without overlap dictionary to analyse the three 

comparison datasets. For the ROC dataset, each story is already clearly defined so can be used as a 

baseline for the other datasets. The ROC story dataset does not have any conversational noise and, 

even though short, contains the basic elements of staging, plot progression, and cognitive tension as 

well as having emotional valency. For all datasets AON automatically calculates articles and 

prepositions separately and reports them as ñstagingò. These words are expected to be used more in 

the first segment of a story. The rest of the function words (i.e., pronouns, auxiliary verbs, negations, 

conjunctions, and nonreferential adverbs) are calculated separately as well. These relate to plot 

progression and are expected to be higher in the middle of a story. Cognitive words are expected to 

follow a similar curve to plot progression and are the last category that is extracted using AON. 

We remarked earlier that the stories told during conversations in the DTRS dataset do not necessarily 

neatly contain all elements that are used in defining what makes a story; these we define as ósnippetsô. 

One simple difference is in the type of words used: during conversation words that acknowledge the 

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

The stories are often short with sometimes just a short story snippet enough to make the other 

participants take on the remainder of the story. A simple description of a character, a place or an 

object can be enough. This raises the question: Will AON categories capture all or some part of the 

conversational stories in the DTRS dataset? 

 

5 Results 

5.1 The narrative arc of conversational stories  

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

each segment, the sum of all words relating to the narrative markers of óstagingô, óplot progressionô 

and ócognitive tensionô are calculated and divided by the number of total words for that segment, 

giving a normalised percentage figure for each narrative marker. A mean percentage is then calculated 
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across all segments for each narrative marker. The results for each segment are then expressed as the 

standard deviation from this mean. This means that even if stories do have differences in length or 

have a higher percentage of word use in a certain category, they still remain comparable. The mean of 

all standard deviations for a particular segment, across all stories in the dataset, forms the final 

number on the y-axis shown in Figure 2. Table 2 shows an example of how this works for one story 

only. 

 

Table 2. An example calculation of LIWC results for one story/utterance. Each segment is normalized by 

calculating the standard deviation from the mean of all segments for each narrative marker. 

 

  

Segment 

1 

Segment 

2 

Segment 

3 

Segment 

4 

Segment 

5 

Mean 

% 

Staging (%) 12.50 12.50 20.83 4.17 38.10 17.62 

Normalized Staging 

(Standard Deviation 

from mean percentage 

figure)  

-0.40 -0.40 0.25 -1.04 1.59 - 

 

As noted previously, the DTRS, NPR and IMDB all contains various conversational filler words. The 

DTRS stories have the highest number, with utterances almost always starting with a turn-taking 

event acknowledging the previous utterance. As we have not cleaned the data for such conversational 

effects, we therefore expect to see certain differences from the ó5 segmentô hypotheses relating to 

Boyd et al. (2020). Since, even though such filler words are not counted, they do take up space. If the 

first two sentences in an utterance are only conversational such as: ñWell, yeah. I donôt know, 

maybeé But if you thinké Let me put it this wayéò, the first segment of the utterance will, then, 

have no staging words, which will appear later. Looking at the results for DTRS (top, left in Figure 2) 

for example, we see that staging starts in the second segment, rather than the first. Cognitive tension is 

highest in the first and lowest in the last segment, as the start and end of an utterance relates more to a 

change in speaker than to the story narrated within the utterance. We should also emphasize the 

confounding factor that the DTRS data shown in Figure 2 is for both story snippets and stories.  

IMDB stories do also contain filler words, but not necessarily in the same way as the DTRS data. In 

contrast to DTRS, IMDB stories are often presented through monologue, and hence the narrative 

processes can appear similar to classical stories. Lastly, NPR stories, especially if coming from 

program hosts, follow a written narrative arc the best, though the 8000 utterances do contain a wide 

variety. ROC stories should in theory all have the same style, all being created from the same rule of 

being 5 sentences long and should mimic a classical narrative arc. So, we expect to see the most 

fluctuations from the norm in the DTRS dataset, followed by IMDB, NPR and ROC. 

Figure 2 shows that among all datasets NPR (bottom, right) comes closest to the expected narrative 

arc. After the first part of the story, words related to staging are used less and less, and the words for 

plot progression and cognitive tension are used more and more. The cognitive tension words are not 

used as expected, i.e., in the middle, and in general their usage is quite low.  

ROC stories do follow the narrative arc for the plot progression and cognitive tension narrative 

processes, but not so much for staging which stays relatively constant. For both the IMDB and DTRS 

datasets we can say that although the óstagingô narrative process does take place, the óplot 

progressionô and ócognitive tensionô narrative processes do not follow any meaningful arc. 

 

 



 

82 
 

Figure 2. Staging, Plot Progression and Cognitive Tension for stories in the DTRS, IMDB, ROC and NPR 

Datasets. The x-axis shows the segments, the Y-axis shows the mean standard deviation for each segment across 

all dataset stories, (narrative markers for each segment for a single story are calculated as the standard deviation 

from the mean percentage value of one narrative marker across all segments.) 

 

Here we need to note that narrative arc processes for each dataset are mapped within an exceedingly 

small margin, and do not reflect a real consensus in the data. For example, for DTRS (top, left in 

Figure 2), the staging starts low, picks up in the first segment and drops steadily till the last segment. 

However, this latter movement is only due to a change of 0,08 standard deviations, much less than the 

changes reported in Boyd et al. (2020). If we plot each story in the DTRS dataset separately, we see 

many different shaped arcs, without a clear overlap. In this respect, Figure 2 shows a clearer picture 

than the reality.  

 

5.2 The emotional arc of conversational stories 

Even though DTRS, IMDB and NPR are conversational datasets, their emotional tone is likely to be 

quite different. Of the three datasets, DTRS contains conversations recorded at various stages of the 

design process, and the stories (or story snippets) are told largely to further those design processes. As 

observed by Lloyd and Oak (2017) and described in the beginning sections of our paper, stories can 

be used to frame or negotiate ñvalue tensionò within the design process. By looking at the emotional 

arc of conversational stories, we explore the question of whether or not this putative óvalue tensionô 

brings with it positive or negative emotional content in the terms discussed earlier of Malin et al. 

(2014).  

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

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

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

with everyday happenings. The appeal to a wide and diverse audience means that the use of emotional 

toning may be more pronounced in these datasets. The ROC stories are the shortest stories so their 

emotional arcs might be difficult to capture using this technique.  
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Figure 3. Positive and Negative Emotional Arcs for the DTRS, IMDB, ROC and NPR Datasets. The x-axis 

shows the segments, the Y-axis shows the mean standard deviation for each segment across all dataset stories, 

(narrative markers for each segment for a single story are calculated as the standard deviation from the mean 

percentage value of one narrative marker across all segments.) 

 

Figure 3 shows the results of looking at emotional valence through the five segments of the stories 

identified in each dataset. For the DTRS stories (top, left) there is a regressive emotional arc, i.e., both 

for positive and negative emotions there is a fall throughout the stories and snippets. Conforming 

more to expectations, the IMDB stories (top, right) have a rise-fall shape emotional arc for negative 

emotions, with the opposite fall-rise shape for the positive emotional arc. This might indicate that in 

general the IMDB stories have happy endings.  

With the NPR stories (bottom, right), the negative emotional arc is steadily rising but more or less 

stable, whereas the positive emotional arc demonstrates a fall -rise U-shape which can define a more 

dramatic affective trajectory, but again, largely ending happily. ROC stories do not show a clearly 

defined trajectory, though it is notable that both positive and negative emotional tone rises 

significantly during the fourth segment (sentence) of these stories.  

For both Figures 2 & 3, although we can discern narrative shapes for the four datasets, they are much 

less significant than those reported by Boyd et. al. (2020). This may be due to their conversational 

nature (DTRS, IMDB, NPR) or length (ROC) making the variation of results very high and leading to 

generally low mean standard deviation rates. Boyd et. al. (2020) report differences of 2 standard 

deviations, while the biggest difference we found was 0.35 for narrative processes (DTRS) and as low 

as 0.03 for the emotional arcs (ROC).  

 

6 Discussion and conclusion 

Our overall aim in this paper was to create a corpus of the DTRS shared datasets and explore this in 

relation to well-established concepts relating to design activity. Previous DTRS studies have largely 

been within a set of data, but building a corpus allows us to compare design activity with other types 

of activity to reveal more general regularities. We showed how design activity differs from other 
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datasets by applying the LIWC dictionary to find that in general design activity demonstrates a closer 

relationship between time, space, cognitive process (problem solving) and verb (activity).  

We went on to explore (and attempt to validate) one aspect of design discourse (and DTRS data) 

identified in previous studies, that of óstorytellingô, to see what results a corpus level analysis might 

yield. We drew on very recent work using LIWC to look at stories, and again used comparisons with 

different corpora to explore the shape of narrative and emotional arcs in conversational datasets (as 

well as in DTRS). Even though previous studies indicate that systematic/automatic ways of tagging 

stories can yield significant results, our study did not manage to replicate these results in 

conversational data. We discussed why the need to maintain turn-taking in conversation may interfere 

with clearly defined stories. Story length also proved to be problematic, with very short stories not 

having enough linguistic markers to reflect the same scale of the narrative and emotional arcs 

captured for longer stories. 

Before concluding that it is not possible to capture the stories that previous studies of design activity 

have identified, we must look at the methodology we used to recognise and calculate narrative 

markers. Though consistent with the literature, fixing utterance length and having equal segmentation 

may not be suitable for conversational datasets, particularly smaller ones, where stories are likely to 

be told over multiple utterances. As we noted, this tends to result in story snippets, rather than entire 

stories. In future studies we will explore the possibility of more dynamically identifying and 

extracting story shapes of narrative markers independent of fixed utterance and segment size. 

LIWC has advantages that are hard to beat. LIWC as a tool is very easy to use, requiring no technical 

knowledge. The categories of LIWC need to be understood at the conceptual level: for example, what 

does it mean if someone uses more first-person pronouns? Or what happens linguistically when 

someone is describing an object? By studying example datasets, one can get acquainted with how 

these categories are distributed in different type of speech, writing, or even by individual speakers. 

Combining the use of categories as done by van Laer et al. (2019) enables one to generate complex 

models to analyse text by simply counting words. 

What we hope to have shown in this paper is a new way to think about, and analyse, design protocol 

data on a larger scale than previously. As more and more datasets become available, the techniques 

we have used in this paper will become more common in determining how different kinds of design 

activities are constituted in text, and how they compare with other types of textual data. Our longer-

term goal is to create a design dictionary as part of LIWC, to identify designerly ways of talking in 

large datasets.  

In conclusion, although using a LIWC analysis to explore the DTRS data shows considerable 

promise, we found it difficult to validate the existing concept of storytelling (Lloyd & Oak 2018). 

Whether this would equally apply to concepts like óframingô and óco-evolutionô is an open question, 

but the conversational nature of the data is likely to be a confounding factor, so methodology needs 

development. The question remains open as to what type of stories designers typically tell, and how 

they go about telling them. Despite this, we have shown how an automated method for identifying 

stories could work. Constructing a corpus of the DTRS shared data and comparing it with other large 

datasets outside of the design discipline is a further step on the way to understanding design thinking 

in conversational contexts. 
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Abstract. Analysing records of design activity such as transcripts or documents have typically involved close 

reading of transcripts and manual identification of concepts and behaviours. We explore the applicability of a 

machine-learning based computational toolðcalled Empathðin identifying high-level patterns in design talk. 

Specifically, we use it to examine the datasets from the Design Thinking Research Symposium (DTRS) 

workshops for two contrasting aspects of design talkðthe expression of tentativeness that characterises 

designersô exploration of the problem-solution space, and the expression of causal reasoning that characterises 

designersô analytical thinking. We find that such a tool can be effectively used as a means of ñdistant readingò. 

However, the lack of design relevance in the toolôs training data results in ambiguities and mis-categorisations 

that still need resolution through close reading. 

 

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

Learning  

 

 

1 Introduction  

Is design activity characterised by an equal balance between tentativeness and speculation on the one 

hand and by evaluation and justification on the other? Models of designing that describe a óbasicô 

cycle of activity generally describe projective activity, characterised by tentativeness or epistemic 

uncertainty, followed by explanatory (or rationalising) activity, characterised by evaluation and 

justification (Lloyd, 2019). For example Schönôs (1992) description of designing as a series of 

reflective ómoving experimentsô is premised on the idea that something has to materially be put into 

the world before the understanding of its implications can take place and therefore be justified. 

Similarly, Roozenburg (1993) describes a process initiated by the logic of abduction prior to a 

deduction of consequences. An equivalence of projective and explanatory processes in design activity 

is suggested by these models but is this borne out in actual practice? To attempt to answer these 

questions, we examine an aggregation of four datasets that resulted from the Design Thinking 

Research Symposiumôs shared-data workshops, and computationally categorise sections of the data as 

indicative of tentativeness and of causation. We then observe patterns in which these two categories 

occur across sessions and examine the contexts in which they occur together or separately. In doing 

so, we also explore the advantages and disadvantages of modern computational analysis tools that can 

supplement a close reading of text. 

Over a period of nearly 30 years the Design Thinking Research Symposium series (Cross, 2018) has 

conducted four shared-data workshops, generating data from design activity of largely professional 

designers in a number of different study conditions. These datasets include think aloud protocols 

(Cross et al., 1996), naturally-occurring designer-client discussion (McDonnell & Lloyd, 2009), 

design education (Adams et al., 2016), and naturally-occurring co-creation (Christensen et al., 2017). 

mailto:p.a.lloyd%7d@tudelft.nl
mailto:a.a.akdag@uu.nl
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The disciplines of design from which this data has been generated have been industrial design 

engineering (DTRS2), architecture and engineering design (DTRS7), design education (DTRS10) and 

product design (DTRS11). Sec. 2 provides a short summary of each workshop. 

In previous work (Lloyd et al., 2021) we have explored the idea of epistemic uncertainty using 

Linguistic Inquiry and Word Count (LIWC) (Pennebaker et al.,  2015), a tool with pre-defined and 

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

content with these categories. Specifically, we focused on the ótentativeô subcategory of LIWC where 

we found words associated with hypothetical, tentative thinking such as ñifò, ñmaybeò, ñmightò, 

ñperhapsò, ñpossiblyò, and ñprobablyò. The use of a term from this set is typically an indicator that 

the designer is considering or suggesting the exploration of a possibility or future conditional. For 

example, in the discussion between an architect and their client concerning the design of a 

crematorium (DTRS7) the architect asks: 

ñ...did you see this as a space that might have its own small lectern in it or some altar-like 

feature inside it?ò 

In this and a sister paper for DTRS13 (Akdag-Salah et al., 2021) we draw on a corpus resulting from 

the combination of the four shared-data DTRS workshops to computationally explore the concepts of 

ñtentativenessò and ñcausationò related to designing found in prior studies. In doing so, we also 

explore the pros and cons of such a computational approach when used to analyse concepts relating to 

designing. This is something that has only recently become relatively easy to do, with analyses of 

designers prior to this mainly focusing on smaller design óprotocolsô, and the manual identification of 

textual excerpts to identify new concepts. This traditional way of analysing design activity is akin to 

ñclose readingò, a term in literary research where the goal is to focus on specific arguments, 

individuals, or ideas and trace their evolution across the document(s) (Jänicke et al., 2015). In 

contrast, ñdistant readingò, a term coined by Moretti (2005) is an approach to take a global view of a 

text or texts, visualizing its (or their) global features. Distant reading thus relies on computational 

analyses of large text, the results of which are presented graphically in the form of simple charts or 

complex data visualizations. 

Our examination of tentativeness and causation outlined above follows this distant reading approach 

at first, looking at global patterns of occurrence of these categories across datasets and sessions. 

Specifically, we use a tool called Empath (Fast et al., 2016) and its pre-trained machine-learning 

model to first generate lexical categories containing words corresponding to the notions of 

tentativeness and causation, and then find matches between these categories and speech turns in the 

dataset transcripts. We then drill  down to patterns of interest and examine them through close reading 

to critically interpret not only the context of the exchange underlying the patterns, but also the 

accuracy of the computational approach used to identify the patterns. We posit that such an approach 

can help expand the contexts in which one might expect to find instances of design thinking and help 

train the next generation of artificial intelligence (AI)-based conversational systems to recognise 

designerly talk. 

 

2 The DTRS Dataset 

The DTRS series (Cross, 2018) has held a series of ñcommon data workshopsò that have resulted in 

four shared datasets, created with a view that different perspectives, methods, and theories can be 

proposed and tested using these common data. The four datasets cover the disciplines of industrial 

design engineering (DTRS2), architecture and engineering design (DTRS7), design education 

(DTRS10), and product design (DTRS11). Some details about the datasets are provided below. 

DTRS02 consists of one 2-hour óthink-aloudô design session with a single designer and another 2-
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hour session featuring a team of three designers. Both sessions work on the same design problem, a 

cycle pannier, verbalising their thoughts. 

DTRS07 consists of four 2-hour meetings of ónaturally-occurringô design activity. Two of the 

meetings feature an architect communicating his designs to his client. The other two meetings feature 

a multidisciplinary design team discussing initial ideas for a ódigital penô. 

DTRS10 consists of 38 videos of varying length showing design reviews in five disciplines (industrial 

design, mechanical design, service-learning design, entrepreneurial design, and choreography). The 

videos are diverse and feature a range of interactions, but are primarily based around teacher-student 

discussion, both individually and in teams. 

DTRS11 features 20 video recordings, again of varying length (up to 45 mins). In the first sessions 

the design of two co-creation session for a large car manufacturer are discussed. The co-creation 

sessions are filmed, and these are followed by videos discussing the co-creation sessions and the 

possible design products that might result. 

Table 6 shows the session numbers and lengths for each of the four DTRS corpora. At a combined 

373,983 words, these datasetsðspecifically the types of discussionsðprovide a composite picture of 

design activity. Together, the corpora provide opportunities for examining different kinds of 

discussions at scale. However, most contributions that have arisen from the transcripts and videos 

have involved close reading and manual analysis of specific datasets and sessions. These 

contributions, such as analyses of framing (Dong et al., 2017), storytelling (Lloyd & Oak, 2018), and 

spiderwebbing (Mabogunje et al., 2009), provide conclusions in the form of hypotheses that need 

testing with larger datasets. 

 

Table 6. Dataset Statistics 

Dataset Sessions Dataset Size  

(words) 

Session Size (words) 

  Mean S.D. 

DTRS2 2 37,969 18,984 4,085 
DTRS7 4 68,861 17,215 4,944 
DTRS10 38 92,751 2,441 3,424 
DTRS11 20 174,402 8,720 4,590 

Total 64 373,983 5,843 6,162 

 

 

3 Methodology 

To illustrate our approach of using computational tools to examine designerly ways of thinking, we 

look at two kinds of behaviours that have been examined in prior research through close reading and 

qualitative text analysis. The two behaviours we focus on are expressions related to causal 

reasoningðwhere designers express or enquire about the reasoning behind decisions or observations 

(Cardoso et al., 2014)ðand tentativenessðwhere designers use downtoners and other expressions of 

vagueness to soften their language to strengthen social ties (Glock, 2009) or to express epistemic 

uncertainty (Ball & Christensen, 2009). Using a tool such as LIWC provides a scalable alternativeð

or at the very least, a complementary approachðto close reading, which has been the traditional way 

to analyse such transcripts. With LIWC, one can identify the parts of the transcript that contain terms 

that are indicative of ñmovementò, ñpositive emotionò, ñcognitive processesò or any of the 91 

categories and sub-categories pre-defined in LIWC. A simple way that LIWC achieves this is by 

looking for words in the transcript that match words defined in a category of interest. 

However, predefined lexical categories may not always match categories that researchers are seeking 

to identify for their work. For instance, in our prior work, we found that the LIWC subcategory of 
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ñtentativeò did not exactly match the ways in which tentativeness was explored in the DTRS datasets 

(Lloyd et al., 2021). Empath (Fast et al., 2016) is a tool that seeks to address LIWCôs limitations of a 

predefined set of categories that may not address a researcherôs specific requirement. In contrast to 

LIWCôs human- generated and curated categories and associated dictionaries, Empath provides a set 

of nearly 200 machine-generated categories that are then validated by humans. Empath also provides 

users with the ability to generate a new category by supplying seed terms that they think are 

associated with the intended category. 

Empathôs pre-defined categories are generated from dependency relationships in ConceptNet (Liu & 

Singh, 2004). Terms in each category are generated from seed terms that are in turn used to query a 

vector space model, which is a representation of documents as vectors in a high-dimensional space 

such that proximal vectors represent similar documents. The vector space is created by mapping the 

neural embedding of a neural network based on a skip-gram architecture (see Mikolov et al., 2013) 

trained to predict words that co-occur in a large corpus of text. Empath uses a dataset of modern 

fiction1 as the training corpus, as it (a) provides a better breadth of topical and emotional categories, 

and (b) correlates better with the categories defined in LIWC than corpora containing news articles or 

online discussions. 

To generate a new category, the user provides a category name and a set of seed terms. Empath first 

generates vector representations of seed words based on the vector space model and sums the vectors 

to create an ñanalogyò vector that represents a combined association with all seed terms. It also 

queries the space for a vector corresponding to the category name and adds it to the above analogy 

vector. The vector space in the neighbourhood of this analogy vector is queried to find additional 

terms related to the category. For instance, providing a list of seed terms such as ñtwitterò, 

ñinstagramò, and ñfacebookò and a category name of ñsocial mediaò returns such additional terms as 

ñtimelineò, ñhashtagò, ñnotificationsò, ñdirect messageò, and ñTumblrò, all of which are terms 

associated with social media. 

In this section, we describe our use of Empath to create lexical categories seeded with terms 

associated with tentative thinking and causal reasoning. We then use these categories as lenses with 

which to examine the DTRS datasets. 

 

Table 7. Data format of the combined DTRS datasets used for the analysis in this paper 

Dataset Session Speaker Content 

DTRS-02 Think-aloud Interviewer ñBefore I give you the design brief, are there any questions about the 

procedure?ò 

DTRS-02 Think-aloud Dan ñUm No, other than the... I have these two references here, the file of 

information that you have Um.. I will just ask you for..what?., 

identify..I say what kind of technical information I want?ò 

é é é é 

é é é é 

DTRS-11 Follow-up 
interview 

Interviewer ñI understand that, alright, that was the end of it, eh anything you 

want to add? Weôve been through a lot, so I am gonna let you goò 

DTRS-11 Follow-up 
interview 

Ewan ñ(laughs) no, I think Iôm okay, I think that makes sense eh not 

anything related to this at leastò 

 

 

 

                                                            
1 https://wattpad.com  

https://wattpad.com/
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3.1 Processing the Text 

The transcripts for all 64 sessions across the four DTRS datasets were cleaned to remove time stamps, 

location descriptions, and descriptions of any seating arrangements since our focus was on the content 

and context of what was being said. For this same reason, in-line descriptions of subjectsô actions 

such as pointing, or gesturing were retained. The transcripts were combined in such a form as to 

enable analysis of the combined dataset, while still being able to filter for individual datasets, 

sessions, or speakers. The format of the data set up for analysis is illustrated in Table 7. As shown in 

the table, the order of rows follows the order of speech turns from each sessionôs transcript. 

 

3.2 Creating Lexical Categories 

To choose appropriate seed terms to create the lexical category of ñcausationò, we refer to Cardoso et 

al. (2014) and their study of the DTRS10 dataset involving design feedback sessions between students 

and instructors. The study revealed that questions that help students think about their design rationale, 

the potential effects of their design choices, their interpretation of related phenomena, and other forms 

of ñdeep reasoning questionsò aid studentsô reflection on their state of design. While their work 

involved qualitative coding of the transcript through close reading and reviewing of the corresponding 

video recordings, we attempt to explore the occurrence of such questioning or expressions of 

reasoning through a lexical category that we create through Empath. 

Focusing on the ñcausationò (why) and ñproceduralò (how) components of rationale, we input seed 

words such as ñbecauseò, ñeffectò, ñexplainò, ñhowò, ñwhyò, etc. to generate a category called 

ñCausationò using Empath, resulting in a lexical category with the following 84 terms: 

because, given, moreover, regardless, though, yet, affect, affected, affecting, affects, appeal, 

attachment, basis, causes, circumstance, complication, concerning, conclude, conditions, 

consequence, consider, context, conversion, crisis, critical, crucial, depends, determine, disastrous, 

downfall, effect, effected, end result, essentially, experience, explain, extent, function, illness, implies, 

imply, influence, justify, killing, kind, knowing, magnitude, main problem, mean, meaning, means, 

meant, mental state, method, might, mindset, motive, necessity, occur, outcome, part, possibly, 

potential, predict, proves, purpose, real problem, reason, regardless, relation, relevant, result, side 

effects, significance, significant, situation, specifics, suppose, surely, telling, terms, therefore, though, 

understand 

Though some words such as ñillnessò do not quite fit into the intended lexical categoryðand while 

the category can benefit from removal of such termsðfor the sake of replicability and to highlight the 

shortcomings of such approaches, we make no modification to the generated set of terms. 

The second lexical category of ñtentativenessò is motivated by an emerging sub-field in design 

research known as ñepistemic uncertaintyò. This is the idea that creative behaviour is triggered in 

situations of uncertainty to lessen that uncertainty and progress the design process (Ball & 

Christensen, 2009; Ball et al., 2010; Cash & Kreye, 2018; Christensen & Ball, 2018; Christensen & 

Schunn, 2009; Paletz et al., 2017). Prior work examining the DTRS7 dataset (Ball & Christensen, 

2009; Glock, 2009), the DTRS11 dataset (Christensen & Ball, 2018), and other studies (Cash & 

Kreye, 2018) have shown that designers typically use downtoners, hedges, modal adverbs and other 

expressions of tentativeness to express such uncertainty.  This is linked to Schºnôs model of ñnaming, 

framing, moving, and evaluatingò (Schön, 1984) where a designer makes educated guesses and 

suggestions as a way of moving forward in the design process. In our prior work (Lloyd et al., 2021) 

we examine tentative aspects of design conversations and find expressions of possibility such as 

modal adverbs (e.g., could, might, probably) to occur prevalently across all DTRS datasets. Using 

seed terms such as ñifò, ñmaybeò, ñmightò, ñperhapsò, ñpossiblyò, ñprobablyò, etc. in Empath, we 
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use the category name of ñTentativenessò to generate the lexical category corresponding to epistemic 

uncertainty that includes the following 59 terms: 

able, actually, afraid, also, although, any, anyone, anything, anyway, assume, assuming, because, 

besides, case, definitely, doubt, either, else, exactly, expect, figured, guess, hoping, however, if, knew, 

knowing, maybe, mean, meant, might, must, now, obviously, only, or, otherwise, perhaps, personally, 

plus, possibly, probably, should, so, suppose, supposed, sure, surely, though, thought, unless, wanted, 

well, whether, willing, wish, wonder, wondering, yet 

 

We refer to this category as ñtentativenessò in this paper rather than ñepistemic uncertaintyò for two 

reasons: to connect to LIWCôs ñtentativeò subcategory under ñcognitive processò explored in prior 

work (Lloyd et al., 2021), and because the category name provided in Empath also influences the 

words generated. Since Empath is trained on domain non-specific text like fiction, ñtentativenessò is a 

more interpretable category than ñepistemic uncertaintyò. 

Using discussion turns as the unit of our analysis, we counted the number of matches between each 

lexical category and the words in the turn, and normalized the count for every turn, dividing the 

number by the total words in the turn. We only looked for whole word matches and chose not to 

lemmatize the words, neither in the turns nor in the lexical categories, as the sense of such words (e.g., 

modal adverbs) is often linked to the specific form of the word. In the following section, we use the 

measures of matches between speech turns and the two lexical categories created to examine the 

question of whether design activity is tentative or rational. We attempt to answer this question at 

different levels of aggregation: at the level of the dataset, sessions, and then individual speakers. 

 

4 Results 

Simply counting the number of turns that contain at least one match for each lexical category and 

normalizing this count with the total turns for each dataset, we immediately see a higher incidence of 

speech turns that express tentativeness exclusively. In other words, of the turns matching at least one 

lexical category, most of the turns feature a match with tentativeness while having no matches with 

causation (Figure 4). The next highest set of matches belong to turns that match both categories 

(tentativeness and causation), while only a small number of turns match exclusively with causation. 

At the dataset level at least, design discourse appears to be characterised more by tentative thinking 

than it is by thinking about cause, effect, or rationale. 

 

 
Figure 4. The proportion of speech turns in each dataset containing terms from the lexical categories of 

tentativeness, causation, and both. The highest proportion of the matched speech turns fall exclusively under 

tentativeness, followed by turns matching both categories. Only a small proportion of turns fall exclusively 

under causation 

 

Figure 5 shows a general overview of the degree of correlation between the two lexical categories for 

the average turn in each dataset. Each dataset is represented by a scatterplot, with each dot in the 

scatterplot representing a turn of speech, and the dotôs x- and y-positions corresponding to the 

normalised count of matches between the words in the speech turn and the lexical categories of 
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tentativeness and causation respectively. The slope of the regression line confirms what we see in 

Figure 4: on average a turn contains more matches with the tentativeness category than with the 

causation category. The counts for tentativeness and causation are not normally distributed, so 

correlations were computed using Kendallôs Ⱳb.  

 

 
Figure 5. Scatterplots for each dataset showing the normalised number of matches in the ñcausationò and 

ñtentativeò lexical categories for each speech turn. Each dot in the scatterplot corresponds to one speech turn. 

The x-position of the dot shows the total matches between the words in that turn and those in the 

ñtentativenessò category, divided by the total number of words in that turn. The y-position of the dot shows the 

corresponding measure for that turn with the ñcausationò category. A regression line is shown for each plot, 

with the slope indicating a greater number of matches with tentativeness rather than causation on average for 

the speech turns. Kendallôs Ⱳb coefficients do not show a strong correlation between the two lexical categories 

for the datasets in general 

 

Since the chart in Figure 4 is normalized for the number of speech turns, we can compare across 

datasets and see if it aligns with our understanding of the datasets at this level. Of the four datasets, 

DTRS10 is the one that involves design reviews as teacher-student discussions. We thus might expect 

a greater proportion of turns in this dataset centred around causation with the instructors asking 

questions about design decisions and the students attempting to explain them. However, we see that it 

is DTRS11 that has a higher proportion of turns related to (a) only tentativeness (close to DTRS2), (b) 

both tentativeness and causation, and (c) only causation (similar to DTRS10). Perhaps this high 

proportion of tentativeness and causation is because of the sessions that compose DTRS-11, which 

include co-creation workshops followed by sessions that involve reflective activities such as 

debriefing, sharing insights, clustering insights, linking insights to projects, to name a few. We next 

examine the lexical category matches at a session level to verify some of these conjectures. 

 

 
Figure 6. Scatterplots for four sessions in the entire corpus that show a moderate to strong association (Ⱳb > 

0.34, p < 0.05) between the normalised number of matches of the two lexical categories of ñtentativenessò and 

ñcausationò, for each turn. The plot is similar to that shown in Figure 5, including the regression lines and 

Kendallôs Ⱳb coefficients. The plots are coloured by dataset 
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4.1 Examining higher incidences of tentativeness and causation 

Figure 6 shows four sessions whose speech turns show a relatively stronger association between their 

matches to both lexical categories. The correlations are moderate-to-strong (Kendallôs Ⱳb ranging 

from 0.34 to 0.63). However, we refrain from making claims based on statistics alone, choosing 

instead to examine some of the exchanges in the sessions. 

 
Figure 7. Speaker-wise turn counts for the four sessions identified in Figure 6 showing relatively higher 

association between causation and tentativeness in spoken turns. The proportion of turns that include a match 

that is exclusively with the tentativeness category (orange), exclusively with causation (blue), and with both 

categories (purple) are shown. Some anomalies are immediately revealed; for instance, all of Donôs speech turns 

in Emilyôs final review session (DTRS10) have at least one match with the tentativeness lexical category, while 

Derek and John have no matches at all with the causation lexical category for the same session 

 

Figure 7 shows the speaker-wise turn counts for these four sessions. Right away, the reason for the 

correlation is evident: there are almost no speech turns that match exclusively with the causation 

category, which means that if a turn matches with causation, it almost certainly also matches with 

tentativeness. DTRS7ôs first crematorium meeting has the highest correlation between the two 

categories and looking at Figure 7, it is possible to guess why: the overlap between the categories is 

the highest among the four sessions shown in the figure. DTRS10ôs client review session for Sharon 

comes close, but the turn count for the DTRS7 session is an order of magnitude higher, resulting in a 

stronger correlation between the two. 

Examining the turn distribution among the speakers, as well as the proportion of tentativeness and 

causation (and both together) across speaker turns gives us an interesting perspective of the speakers 

themselves. For instance, in DTRS7ôs crematorium meeting 1, the two most dominant speakers are 

AA (the client) and AM (the architect). We can see from Figure 7 that a greater proportion of the 

architectôs turns are associated with tentativeness, which makes sense: the architect is proposing a 

number of ideas based on requirements posed by the client, and is thus using expressions of 

tentativeness as part of the ñnaming, framing, moving, and evaluatingò process (Schön, 1984). 

Consider for instance the exchange below. Words that match with the tentativeness category are 

highlighted in orange, words that match with causation are highlighted in blue, and words that match 

with both are highlighted in purple. 

 

AM (ARCHITECT): So you could have your cremulator as a bit at the back of the cremator 
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AA (CLIENT): Yes, what happens, what happens is when you rake down you rake it in to a cremulator on each 

machine so you donôt have the removal of cremated remains until theyôve been cremulated and put in to a 

powder, itôs all done on the machine itself, so you rake it in to an area and obviously the problem with that is 

that thereôs some issues with removal of large metal joints and hip joints and leg joints and other things, and 

also the concern of servicing each cremulator on each machine, quite a lot involved with it, they havenôt got 

those quite up and running at the moment so it could be, by the time we get to this it might be, yep. 

AM (ARCHITECT): Right, weôve allowed a cremulator room anyway if you want a separate cremulator 

that would be like close raking but that would probably used for storing 

AA (CLIENT): Where would the operators, would they have a separate office to sit in to, thereôs a switch 

room, control room would it be any, an area, or would the operator sit within that one area. 

AM (ARCHITECT): We show a control desk here but certainly if you didnôt need a cremulator room that 

could easily be converted into a control room, you could even have a glass wall on it if you wanted  

AA (CLIENT): Are we talking about the room still being chilled there by the, because that was the original 

chill room wasnôt it, but thatôs not now going to happen 

AM (ARCHITECT): No we donôt have a chill room, we have coffins stores as such here because, forgot to 

mention those, the idea was that, erm, that if you did have Sikh funeral you wouldnôt really want to see 

other coffins hanging around, the idea is that you would store coffins in racks in here 

In the above exchange, the discussion around a cremulatorða device that is used for further 

processing the remains after cremationðfollows a pattern of the client declaring requirements and 

asking questions, with the architect responding to the questions with design proposals or explanations. 

The responses by the architect show instances of tentativeness (e.g., ñthat would probably (be) used 

for storingò) and some causation (e.g., ñbecause... if you did have Sikh funerals you wouldnôt want to 

see...ò). The questions and declarations of the client show similar patterns, with tentativeness 

indicating their interest in alternatives and causation when they are explaining the reasoning behind a 

requirement. What is interesting here is the text highlighted in purple, indicating that the word 

(ñbecauseò in the above exchange) appears in both categories. This overlap of words is not always the 

reason why the turns are shared with both lexical categories. Consider an exchange that happens 

earlier in the discussion between the architect and the council officer (CL). 

CL (COUNCIL OFFICER): Weôve got an issue [inaudible] considering following a training session that 

the staff went on this week at Stevenage crematorium to look at use of the audio, the new audio, digital audio 

system that had been installed, and a particular issue is the accommodation, and having accommodation where 

they can work almost like a theatre technician so that they can be part of the service yet be divorced from 

the service so that they can operate PCs and things but also be in sight of whatôs going on, so being more 

involved. So weôre currently looking at bringing stuff out the back of the existing chapel so that they can 

sit at a desk away, but part of ï 

AM (ARCHITECT): Well thatôs the desk that I thought they could work at, I saw this as being combined 

organ and AV control, so someone might sit here and play the organ and there might be 

AV controls here, but essentially all the spaghetti and all the amplifiers and CD players, cassette players, 

you name it, computers could be in here ï 

The exchange concerns the creation of a space for the crematorium employees for managing the 

audio/video aspects of a funeral service. As in the earlier excerpt, there is an aspect of causation in the 

council officerôs request: provide facilities so that the employees might be able to work at the 

equipment while monitoring the proceedings. The architectôs response is a classic example of 

speculation and exploration of possibilities with terms such as ñI thoughtò, ñmightò, and ñwellò. There 

is an expression of causal reasoning as well, with ñsoò and ñessentiallyòðused in the sense of ñin 

effectò hereðto explain the implications of the proposed choices. While both turns in the above 

exchange are categorised as belonging to both tentativeness and causation, it is not because the 

matched words themselves belong to both categories. When examining the matched words, the sense 

of causation is evidenced more in the word ñyetò rather than the other matches (ñpartò and ñalsoò). 
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The main word that conveys causation (ñsoò) forms part of the tentativeness category but not the 

causation category. The words ñyetò and ñmightò do overlap, i.e., they are present in the lexical 

categories of both tentativeness and causation. We discuss possible causes and the implications of 

such terms in Sec. 5. 

Visualizing the turns aggregated at the level of the speakers for each session also helps us identify any 

patterns or anomalies. In Figure 7 we saw some patterns, such as the greater incidence of 

tentativeness- related turns and the lower incidence of turns related only to causation in these datasets. 

The figure also helps identify anomalies. For instance, Glen and John from DTRS10ôs final review 

session for Tommy speak very less and neither of their speech turns are associated with tentativeness 

nor causation. This is a less interesting observation, but another anomaly can be seen in Donôs speech 

turns in another DTRS10 sessionðthe final review for Emily. All of Donôs speech turns in this 

sessionðand he is one of the dominant speakersðare associated with tentativeness, either exclusively 

(orange), or along with causation (purple). In the following excerpts from the session, we focus only 

on Donôs speech turns, with the rest of the speakers greyed out. We highlight only Donôs speech turns 

in the way that we did earlier: words that fall under the categories of tentativeness, causation, or  both. 

EMILY:  So you could make it personalized or whatever color material 

DON: Maybe different tops with the colorï 

EMILY:  Mm-hmm. 

. . . 

. . . 

STEVE: ï start point, could you have a start at one end there ï 

DON: And then you go back and you put the radius on the top back edge after the fact, possibly. 

JOHN: Instead of putting a joint there? 

[Crosstalkðmore than one ñYeahò] 

DON: Thatôs the only way I could see it. Even then, Iôm not sure ï 

. . . 

. . . 

DON: I guess the question would be is could you do it a little differently again instead of laying entire 

thickness of sheets of plywood, could you have external solid wood frame cut out, and then your draping 

the plywood skin to solid wood. 

JOHN: So each veneer bowed on you can get tied [unintelligible] 

[Crosstalk] 

JOSH: Well, weôd have to ï well, I mean [unintelligible] ï 

DON: Just the outside? I mean thatôs close ïwell, that bottom oneôs probably [unintelligible] 

Even though these speech turns are largely stripped of context in the above exchange, it is clear that 

Don is providing some feedback to Emily about colours, finishes, and material for her design. The 

feedback takes the form of suggestions and not questions: he is not challenging Emily to articulate her 

rationale but offering ways to perhaps improve her design and share his knowledge, and in this way 

his role appears to be more of a design consultant rather than a design teacher. The high matches with 

tentativeness are indicative of this role, and the words that are categorised as causation are also 

categorised under tentativeness. These overlapping wordsð ñpossiblyò and ñmeanòðin this context 

are indicative of tentativeness rather than causation. 
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4.2 Examining lower incidences of causation 

In this section, we will examine sessions where spoken turns showed a lower correlation between the 

two lexical categories. Figure 8 shows four such sessions. In other words, there is no consistent co-

occurrence or separation between the two lexical categories for a given speech turn. 

 

 
Figure 8. Scatterplots for four sessions with low-to-moderate correlation between the normalised number of 

matches between each turn and the two lexical categories of tentativeness and causation. Kendallôs Ⱳb and 

regression line are shown for each session. The plots are coloured by dataset  

 

Sessions with the lower correlations tend to belong to the DTRS2 and DTRS11 datasets, while higher 

correlations are seen in the case of sessions from the DTRS7 and DTRS10 datasets. This is perhaps 

because there was a greater opportunity to explore questions of causation and tentativeness together in 

a real-world designer-client discussion (DTRS7 crematorium meetings) or a teacher-student feedback 

session (DTRS10 datasets), as there would be more opportunities to challenge, question, and explain 

decisions. In contrast, perhaps co-creation sessions (DTRS11) or individual/collaborative design 

sessions (DTRS2) offer fewer opportunities to challenge and explain when exploring design 

processes? Answering such a question requires analysis that is beyond the scope of this work. 

However, we can examine these four sessions in closer detail to see if they share any patterns. 

 

 
Figure 9. Speaker-wise turn counts for the four sessions identified in Figure 8 with lower correlations between 

causation and tentativeness matches. The proportion of turns that include a match that is exclusively with the 

tentativeness category (orange), exclusively with causation (blue), and with both categories (purple) are shown. 

A comparison with the sessions in Figure 7 shows a higher proportion of turn counts that match exclusively with 

the causation category, though this proportion remains the lowest of the three 
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Figure 9 shows the turn counts aggregated by speaker for each session. The first attribute of this 

figure that contrasts with Figure 7 is the greater proportion of ñcausation onlyò turns, especially for 

the dominant speakers. At first glance, this implies that at least some turns in these sessions relate to 

causation without relating to tentativeness at the same time. Examining these sessions at a turn-level, 

we see some evidence to support our conjecture about challenging vs. supplementing. Consider the 

following exchange from DTRS2. The discussion concerns the design of a bicycle pannier, with this 

part of the discussion concerning braze-onsðparts of a bicycle such as water bottle cage mounts, gear 

shifter bosses, or bicycle pump attachment pegs that are permanently attached to the frame. No 

matches for tentativeness are evident in this exchange, but the matches for causation and for both 

categories are highlighted below. 

JOHN: Ok theyôre a given I, I think we need a solution for people who donôt have braze-ons, what if you 

donôt have them 

KERRY: there are solutions for that they they already make little bracket things that kinda 

IVAN:  Little junk 

JOHN: Theyôre kind like ñwree wreeò IVAN: Yeah just little junk things that yôcan JOHN: I donôt 

understand  

KERRY: This goes around your tube that comes here 

JOHN: Donôt they seem cheesy though to you? 

First, the exchange itself is one where one speaker (John) is proposing the exploration of a certain 

solution space, and then challenging or questioning the suggestions from his teammate (Kerry). Kerry 

in response explains his solutions to John, who continues to pass judgment. On the face of it, this 

exchange is understandably one where Johnôs questions and challenges might be categorised under 

causation, but let us take a closer look at the words that are tagged. The contexts for the utterances 

ñkindaò, and ñkindò suggest the tentativeness and vagueness associated with designerly thinking. Yet 

ñkindaò, which is a contraction for ñkind ofò is not part of the Empath category of tentativeness, and 

ñkindò is part of the causation category. The final two turns by John asking for explanation and then 

judgment are closer to a reasonable interpretation of causation. Yet the last turn is categorised as both 

tentativeness and causation as the word ñthoughò exists in both categories. As we noticed in the 

previous section, this miscategorisation can be attributed to the overlap of terms in the two lexical 

categories, though we do find evidence of ñcausationò in the snippet as a whole. 

Compare the above snippet to the following exchange that occurs some minutes later: 

JOHN: We can assume Kerry has expert knowledge (laugh) 

KERRY: But um weôre gonna need to assume that but since we know the Batavus guys and the  buddies with 

the backpack guy that, um, that we could design for that bike frame end 

IVAN: Well, look the frame comes in different sizes, so ï 

KERRY: Yeah it comes in different sizes but that distance stays pretty constant, maybe we can still make itï 

IVAN:  Yeah, letôs assume itôs just this horizontal 

KERRY: Maybe we can make it independent of this dimension somehow but Iôm not sure if thatôsï 

This exchange is more collaborative: the designers are affirming each otherôs suggestions and 

building on each otherôs ideas and assumptions. As is evident from the highlighting, this exchange is 

entirely categorised under tentativeness. The categorisation here is fairly accurate with the exception 

of the word ñsoò, which in this case could be seen as causationðthe implication of the frame being 

offered in different sizes. Thus, a cursory inspection of the categorised turns appears to support our 
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conjecture: a stronger association between tentativeness and causation appears to occur when the 

discussion involves opportunities to challenge, question, and explain. These opportunities appear to 

arise more when people are explicitly or implicitly involved in roles to challenge or questionðsuch 

as clients and teachers. 

To further support this conjecture, let us examine one final exchange from DTRS-11, involving the 

clustering insights from a co-creation session. 

EWAN: I almost had this golden thing up here, like advertisement wise. ôCause like everyone can buy a 

diamond, no one can buy commitment. (laughter) It isï and then it was like the next line ñbuy the company-

productò. (laughter) That was why it failed! ñSo buy our product!ò 

ABBY: ñItôs not a diamond, but ehò 

AMANDA:  ñItôs the commitment!ò 

EWAN: Yeah, itôs embodied, it is yeah tangible commitment (laughter) 

ABBY: Itôs a beautiful commitment! 

EWAN: Yeah yeah, yeah. And the thing is- was that we elevate the eh, the kind of the exclusivity and the 

premiumness to the- itôs not tangible anymore, it is the, itôs a single value, 

ABBY: Mhm. 

EWAN: Eh, which is far beyond the golden diamond, which is like in the excessive part. 

ABBY: (..) yeah. 

EWAN: So I write here on the- yeah? 

ABBY: But I kind of agree with will  or whoever it was, asking if commitment and responsibility are- or 

how to make responsibility and commitment sexy. 

Putting aside the categorisation, we see that the exchange very much follows the affirm-and-build- 

upon pattern that we saw in the previous exchange. Abby, Amanda, and Ewan take turns to build on a 

take-away message (ñitôs not a diamond, itôs a (beautiful) commitmentò) from Ewanôs story and link 

it to the problem they are working on, which is to make responsible decisions (similar to 

ñcommitmentò) surrounding the choice of a car to purchase more desirable. We would expect to see 

more tentativeness than causation here, and indeed we do, except they are not tagged as such. The 

words ñkind ofò and ñalmostò can be association with tentativeness, but ñkindò is categorised as 

causation while ñalmostò is not categorised at all. On the other hand, ñsoò and ñifòðwords associated 

with causal reasoningðare both tagged as tentativeness. 

It is evident that the lexical categories offered by Empath hold promise when applied to design 

discussion but require refinement when examined at the level of detail of close reading. In the next 

section, we discuss the implications of our approach and examine ways to address the nuance needed 

in applying lexical categories that are more relevant to design discussions. 

 

5 Discussion 

The goal of this paper was to illustrate the opportunities provided by new computational approaches 

for analysing design discourse through distant reading. To do this, we examine the balance between 

speculation on one hand and justification on the other, defining a lexical category of tentativeness as a 

marker for the former, and causation as a marker for the latter. We use Empath (Fast et al., 2016), a 

tool that provides a set of predefined machine-generated and human-refined categories and uses 

machine learning to generate new categories using seed terms. We use prior work on studying 

causation (Cardoso et al., 2014) and tentativeness (Ball & Christensen, 2009; Christensen & Ball, 

2018; Glock, 2009) to provide seed words for Empath and generate the corresponding categories. We 
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use text-matching at the level of speech turns and aggregate categorised turns, visualising these 

categorisations at the level of datasets and sessions of interest. 

While there is not a strong association between turns being categorised under tentativeness or 

causation, we find some patterns: higher incidences of both categories are found in sessions where the 

participants have roles and opportunities to challenge, question, and justify choices in addition to the 

user designerly approach of exploring the problem and solution space. We thus find a higher 

proportion of turns containing words from both categories in sessions under DTRS7ðespecially the 

exchanges between the client and the architect in the crematorium meetingsðand DTRS10ðwith its 

teacher-student feedback sessions.  

At the other end of the scale, the sessions that show a weak correlation between the two 

categorisations are characterised by more collaborative exchanges between participants where they 

affirm and build on each otherôs suggestions rather than challenge them. Such sessionsðtypically 

those under DTRS2 with its individual and collaborative design session, and DTRS11 with its co-

creation sessionsðexhibit exchanges more characterised by tentativeness than causation. 

When drilling down into these exchanges, we also find cases where speech turns are miscategorised, 

due to the co-occurrence of words in both categories of tentativeness and causation. A close 

examination of both lexical categories reveals the words because, knowing, mean, meant, might, 

possibly, suppose, surely, though, and yet that appear in both categories. Polysemyðthe existence of 

multiple meanings and/or senses for the same wordðcan be used to explain some of these co-

occurrences. For instance, the word ñmeanò when used in the phrase ñI meanò can be indicative of 

tentative thinking, but when used in a question, say, ñWhat does this mean for the project?ò can refer 

to the effect of a decision or choice. However, it does not explain the association of such words as 

ñbecauseò with tentativeness or ñsupposeò with causation. Perhaps the limitation is that of the training 

data. As mentioned earlier, Empath samples the vector space around the combined vector 

representations of a category name and seed terms. This vector space is created using a corpus of 

fiction as the training dataset. Are associations of tentativeness and causation in fiction the same as 

they are in design? Perhaps not. Fast et al. (2016) explain this limitation in their paper with the 

example of gloveboxes: it is possible that the word glovebox often co- occurs with the word gun in 

fiction with characters often taking guns out of gloveboxes, creating a strong association between the 

two that may not exist in other domains outside fiction. Thus, association-based lexical category 

population would work better if the associations in the training data are similar to the associations in 

the data to which the model is applied. 

With the advent of new vector representations that provide different associations for the same words 

in different contexts of use (see Devlin et al., 2018), it may be possible to create design-specific word 

associations by using a vector space trained on design-related corpora such as designersô interviews, 

lectures/talks, as well as recordings of design discussions similar to the DTRS datasets. The pattern of 

examining the data at an aggregate level using visualizations, and then drilling down into detail for a 

closer inspection and verification of data is one that is well-established in the visual analytics 

community. Applications for interactive visualizations that combine distant and close reading of text 

data have gained traction in the digital humanities for examining documents (e.g., Jänicke et al., 

2017; Jänicke et al., 2018; Koch et al., 2014) and conversations (e.g., Chandrasegaran et al., 2019; El-

Assady et al., 2016). To a lesser extent, these approaches have been applied to examining design 

sessions (Chandrasegaran et al., 2017a; Chandrasegaran et al., 2017b). In the future, we plan to 

integrate computational approaches such as Empath with visual analytic approaches such as these to 

provide a fluid and interactive way for researchers to analyse design discourse at scale. 

Our approach of combining distant reading approaches enabled by computational analyses of 

designersô speech with traditional close reading approaches has implications for pushing the boundary 

of our understanding of where design thinking may or may not occur. Qualitative analyses of design 
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thinking concepts have typically focused on explicitly ñdesignerlyò talk such as those captured in the 

DTRS datasets. There is now emerging work on studying design thinking concepts in ostensibly non-

design scenarios such as, say, parliamentary debates (Umney & Lloyd, 2018). Our approach can 

provide researchers with ways to scale up such studies, to ñsearchò existing records of conversations 

for occurrences of concepts relating to design thinking. Our work has also the potential for labelling 

larger conversation datasets, which can be used to train artificially-intelligent conversational agents to 

interact and work with designers productively, especially if the agents can recognise and respond to 

certain kinds of designerly talk. 

 

6 Conclusion 

In this paper, we present an examination of speculation contrasted with justification in design activity 

at a larger scale than typically conducted for such analyses. To do this, we use a machine-learning- 

based tool called Empath that we used to create lexical categories of words commonly associated with 

ñtentativenessòðlinked to speculationðand words associated with ñcausationòðlinked to 

justification. By examining the matches between speech turns and these two lexical categories 

aggregated and visualized at the dataset level, the session level, and finally a close reading at the turn 

level, we identify patterns of dialogue between designers and clients or design students and their 

teachers that have a stronger association between speculation and justification. We also find patterns 

of dialogue between designers in collaborative sessions and co-creation sessions that are mostly 

speculative and only weakly associated with justification. Both these findings illustrate the value of 

using computational analysis for identifying patterns across design discourse and analysing associated 

text via a combination of distant and close reading techniques. Using examples of miscategorisation 

of speech turns in the same datasets, we also highlight the pitfalls of using lexical analysis 

incorporating machine learning data (fiction) that is different from the application data (design 

discussions). We propose a regular updating of such machine-learning models with contextual data, 

combined with a human-in-the-loop approach to verify the patterns highlighted by computational 

models. We close by discussing the implications of such work in expanding the boundaries of where 

one can find instances of design thinking, and in helping train AI agents to recognise and respond to 

designerly talk. 
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Abstract. This paper argues for a reconsideration of what it means to be a responsible professional designer, all 

while steering away from examining ethics in terms of obligations and facing the fact that current professional 

design often involves working in, with, and for the industry. While lenient in its understanding of design, it 

presents a normative framework that conceptualizes professional design as a practice; i.e., as a coherent, 

complex, socially established, and cooperative activity with its specific intrinsic rewards and standards of 

excellence. By discussing responsibility as a virtue, the paper makes the case that a designerôs personal 

investment in the design profession can be seen as a way of self-enactment, which provides strong motivating 

reasons for responsible action. The thrust of the argument retains the notion of responsibility understood as the 

readiness and willingness to convert care into design and to work on the constraining conditions of a design 

situation or process. 
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1 Introduction  

I believe that people are far more aware of the impact or import of design than they realize, though 

they donôt know how to describe it (Paula Scher, quoted in Millman, 2007, p. 56).  

Consider this, construction workers around the world die every day from the lack of adequate 

protective gear, the negligence of irresponsible managers, or general institutional recklessness. 

Naturally, the death of a worker is woeful, and the private and public sectors must tackle the issue and 

implement a plan to reduce this ever-growing death toll fast. However, from a moral perspective, who 

is responsible for these deaths? The answer is far from self-evident. Because of the number of actors 

involved, it is very difficult to hold one specific party reasonably responsible. Yet going over an 

intuitive culprit list, a case could be made that architects should be at the top or even the middle of the 

list. As planners and designers of our built environment, donôt they possess some level of 

responsibility for the way their vision is materialized? And on the same note, arenôt graphic designers 

responsibleðat least partially in so far as they create elaborate ways to make consumption better and 

more effectiveðfor health-related problems, poverty, and the overall addiction to the rush of 

purchasing something new (not to mention the staggering environmental impact of purchasing an 

endless parade of useless objects just for the sake of doing so for the right price)? 

One possible way for a designer to quickly deal with these quandaries would be to disregard them 

altogether and pass over the matter. On the other extreme, another direct approach would be to try to 

find another, less harmful way to earn a living and exit the profession altogether, avoiding thus being 

tainted by its moral entanglements. Yet, an exit could hardly count as a solution at all as it solves none 

of the underlying problems it purports to address. Quitting the design professionðwhether to move to 

a spiritual retreat or to work at a ógreenô company outside the design fieldðmight be individually and 

socially beneficial, yet effect not so much a deeper change at the professional level as the situation 

than needs change is fundamentally systemic. 

mailto:aguersenzvaig@elisava.net
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In the following, we shall take a different path and face the fact that professional design in its current 

state inexorably involves, at some point or another, working in, with, and for the industry. We bite the 

bullet and donôt argue for an exit of our pledged profession, but for a reconsideration of what it means 

to be a responsible designer, thus changing the discipline from within rather than exiting it to harbor a 

stance of grudging outsiders. 

For good or bad, the current global pandemic has shaken our fundamental views on human nature, 

social and communal responsibility. Many of us, as design scholars and practitioners, believe the very 

foundations of our discipline need to be re-examined and reformulated. In a way, we find ourselves at 

a historic crossroads, similar to the one presented to the two headmasters of the Ulm School of Design 

during the 1960s in post-WWII Germany: should designers be agents of the industry, facilitating the 

production of goods, or should they become a social agent of change (Segal & Ventura, 2019a). Since 

the dynamics of consumptionð perhaps even its very essenceðhas changed in the COVID-19 

reality, we believe the second choice is the most relevant as we find ourselves at a critical juncture. 

Yet, as practitioners, itôs hard to change things and we still find ourselves working with and for the 

industry. But this juncture is a chance not to rewrite history, but to look at our profession from a 

different perspective. Once again, we strive to redefine our discipline echoing the Sisyphean struggle 

to offer answers for the vexed questions of designðnot how to design (which is a technical óhowô) or 

ówhat to designô, but rather deciding ówhy to designô and ówhen not to design.ô Moreover, we need to 

figure out how can we keep connected to oneôs ethical bedrock while still earning a living as a 

practitioner (this is a moral óhowô). Facing the current reality, and from a normative perspective these 

questions can be posed as: what kind of responsible designers should we imagine? 

In this paper, we would like to propose a novel approach for discussing issues of responsibility in 

design, centering our focus on a less-well explored dimension of the professional practice of design, 

which is its moral kernel. We will offer a normative philosophical perspective to the issue; different, 

and at times complementary theoretical and analytical approaches can be found in the field of the 

sociology of professions, but this is not the approach we have chosen here. We shall make the case 

that a designerôs personal investment in the design profession can be seen as a way of moral 

development and self-enactment. This investment, in turn, furnishes the designer with strong 

motivating reasons for responsible action; i.e., reasons ófor which someone does something, [reasons] 

that, in the agentôs eyes, counts in favour of her acting in a certain wayô (Ćlvarez, 2017). To 

strengthen the analytical validity of our thesis, and to make our case more persuasive, we will provide 

different quotes from various graphic designers elaborating on their intricate relationship with clients 

and the industry, which support our conclusions and contribute to the general cogency of our 

argument. Finally, we hope that this normative conceptualizing of design ethics (understood as the 

ethics of designing) and of responsibility, in particular, will enable design researchers to theoretically 

anchor future descriptive, evidence-based examinations of the professional practice. 

 

2 Premises for analysis 

Before we dive deeper into the intricate possibilities of integrating responsibility and professional 

practice, let us introduce and clarify several key concepts, some of which, due to the length and nature 

of this paper, will not be argued in detail, yet are concisely laid out here as premises for the analysis 

that will follow. 

The thrust of our argument rests on seeing professions in general, and design in particular, as 

essentially moral projects. Also, by being part of a reflective practice, the ethical considerations and 

the decisions that are made during design activity are mostly inseparable from the context in which 

they arise and can thus seldom be explored and resolved beforehand (e.g., by following declarative 

ethical principles). Whatôs more, professions, in the classic normative understanding, need to be 
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understood as being involved in more than just getting paid for a job or doing a job skillfully in a 

technical sense. Naturally, not all occupations are professions. In philosophical terms, professions 

could be described as those occupations that are primarily concerned with helping others attain certain 

strategic goods (for which expert knowledge is typically required) that play a crucial role in their 

lives. Along this line, some philosophers have argued that óA good profession is one which involves a 

commitment to a key human good, a good which plays a crucial role in enabling us to live a humanly 

flourishing lifeô (Oakley & Cocking, 2001, 74). Though there is no specific and agreed-upon 

definition of what exactly is a profession, the notion is commonly associated with occupations óthat 

both require advanced study and mastery of a specialized body of knowledge, and undertake to 

promote, ensure, or safeguard some aspect of othersô well-beingô (Whitbeck, 2011, 77). 

That professions are not primarily about getting rich can be inferred from the cases of teaching and 

nursing, which both epitomize commitments to key aspects of human existence while highlighting a 

negative correlation between social and moral importance and paid salaries. Interestingly, the moment 

professions transform their venue from the good of society to the good of private players, their moral 

and ethical structure comes under strain. For example, when healthcare research is conducted under 

the umbrella of big pharmaceutical companies, or an applied anthropologist conducts research for a 

big beverage firm, the very ethos of these professions comes under deep questioning. However, in 

these professions, unlike design, a strong ethics tradition has been established (also in terms of formal 

oaths and codes of ethics), amidst a lengthy historical process of debate and philosophical 

interdisciplinary examination of human-centered involvement.  

Another premise is that design is a profession, as it falls well within the margins stipulated above for 

what counts as a profession. Design rests upon a considerable learned body of practical and 

theoretical knowledge, and its influence on othersô well-being is enormous and undeniable (for a 

comprehensive discussion, including arguments in favor and against considering design a profession 

see Guersenzvaig, 2021, 61-119). Design, however, differs from nursing, teaching, and other 

established professions in two crucial manners. First, it is a rather young professional discipline, and 

second, it was historically developed to help and contribute to the industry. Famously, Franklin 

Delano Roosevelt harnessed the evocative power of design to jumpstart the American economy out of 

its 1929 slump. Dwight Eisenhower took a similar path when mass consumption was presented as a 

civic duty, and design was mobilized during the Cold War. Top designers of those days such as 

Buckminster Fuller, the Eameses, and George Nelson actively participated in the American National 

Exhibition in Moscow (Castillo, 2010, 148-149). 

For this paper, we are rather lenient in our understanding of design. On the one hand, it can be 

understood in a narrow sense associated with form-giving, planning, and creating new material and 

immaterial artifacts. On the other hand, design can be construed more broadly; i.e., as the 

prefiguration and reconfiguration of new ways of living, or, in other words, as the envisioning of new 

possibilities, new ways of being and doing (Dong, 2008; Manzini, 2015). Indeed, contemporary 

design deals not only with problem-solving, but rather with reshaping and reframing daily situations 

and activities. Design is everywhere: from the coffee mug upon which we start our day, through the 

vehicle transporting us to our daily chores, to the digital platform on which we read the news, find 

entertainment, and communicate with others. The purview of design is located, to paraphrase Ernesto 

Rogersô famous dictum, from the spoon to the global supply chain. The upshot is that the designer 

transcends the simpler task of coupling shapes, materials, and colors to acting as an interpreter, 

gatherer, and co-shaper of (social) meanings. For example, French designer Philip Starck in a 

somewhat humorous yet truthful manner accepts the role of the super-star designer as a central player 

in the global consumer culture. Relating to his famous Juicy Salif, designed in 1991, Starck 

commented that its purpose is not to help squeeze lemon juice, but something totally different:  
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Sometimes you must choose why you design ï in this case not to squeeze lemons, even though as a 

lemon squeezer it works. Sometimes you need some more humble service: on a certain night, the 

young couple, just married, invite the parents of the groom to dinner, and the groom and his father go 

to watch football on the TV. And for the first time the mother of the groom and the young bride are in 

the kitchen and there is a sort of malaise ï the squeezer is made to start the conversation (Philippe 

Starck, in Lidwell and Manacsa, 2009: 100).2 

The Salif lemon squeezer exemplifies how from a classic Marxist lens design canôt be neatly situated 

in either the superstructure (i.e., culture, norms, identities, and so on), or in the economic base (i.e., 

the means and relations of production), but rather as a bi-directionally connecting the two as active 

shaper and maintainer of both. Along these lines, design is not a mere byproduct of the superstructure. 

It goes beyond economic causes alone and can rightly be seen as the framing, planning, and 

conceiving of óthe complex wholes that provide a framework for human culture [...] to support human 

fulfilmentô (Buchanan, 2001 p.38). Seeing design as a strategic activity at the intersection of 

economics, social life, culture, and politics underscores its moral import. The words of Deyan Sudjic 

(2008: 48) serve to eloquently illustrate designôs significance: 

Design is the language that a society uses to create objects that reflect its purposes and its values. It 

can be used in ways that are manipulative and cynical, or creative and purposeful. Design is the 

language that helps to define, or perhaps to signal, value. 
 

While lenient in our understanding of design, we are not referring here to design as a basic human 

capability (as a basic functional human trait), but to design as a professional practice. Our locus of 

concern here is professional designers, i.e., practitioners deeply rooted, albeit not exclusively, in an 

economic-market-oriented system. Naturally, we must surmise that designers are just one amidst 

many other players that participate in a design project. Yet, as mediators, professional designers 

orchestrate a complex motion between generating need, desire, and socio-cultural norms, to 

technology, modes of production, market value, revenue, and more. In a previous publication (Segal 

and Ventura, 2019b), the call for óvalue-oriented designô has been emphasized as a key notion to 

navigate between the landmines which are design practice. I.e., working inside our trade yet 

cultivating a clear moral and ethical core. Here we integrate the concepts of responsibility and 

professionalism to navigate between the conundrums of the practice. 

In his landmark study of professions, Schön (1983) emphasizes the substantive field of knowledge 

commanded by a professional, and the mastery that is required to apply that knowledge. Among the 

various classic professions, Schºn famously highlights the importance of design as a óspecialô 

profession, in which the crucial link of the imagined correlates with the real, where the theoretical is 

interwoven with the applied. Along with designôs unique temporal traitðdesigners design for a near 

or distant future while being situated in the presentðthus making it crucial for designers to serve as 

reflective practitioners. Their reflective skills are much needed to navigate the various practical 

difficulties inherent in their profession. 

As in other professions, design consists of various and sometimes conflicting elements, intertwining 

theory and practice. According to the philosopher Alasdair MacIntyre, a practice can be understood as 

a specific type of social cooperative activity with specific intrinsic rewards, its own standards of 

excellence, methods, tradition, vocabulary, and values (MacIntyre, 2007, 187-203). Practices are 

always embedded in larger social contexts and require at least a minimally shared conception of the 

goods that are pursued by their practitioners. At the same time, practices are intrinsically integrated 

                                                            
2 Interestingly, Starckôs client in this caseðAlessiðattested a different approach towards the product, claiming 

it works wonderfully (the actual case is that as a functional juicer, the Salif is a terrible product, but as a 

discursive object or social status symbol it is exemplary). 
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into the practitionerôs own quest to lead a good life as an individual. In this sense, the practices to 

which we belong mirror our worldview, belief systems, and core values. To put it differently, being a 

part of a profession means not only earning a living but being a part of something bigger and taking 

part in ways that shape our current reality and daily life. Whatôs more, practices are spaces of 

dialogical encounter, where the intersubjective commitments to key shared purposes are constantly 

being discussed, developed, and revised, determining thus the practiceôs ongoing traditions and 

standards. 

 

3 Design and responsibility 

It is a truism that every professional must acquire a sense of responsibility because professions have a 

massive impact on our daily existence. However, how this translates into practice is not obvious to all. 

Professionals such as Zaha Hadid reject having anything to do with the death toll of workers in her 

sites, deflecting the charge and redirecting it towards regulators, among others (Riach, 2014). Due to 

its elusive and somewhat broad meaning, the concept of responsibility is worthy of a few brief 

clarifications. 

Responsibility is often understood as having to do with blame or praise, as when a person is 

retrospectively held responsible for having done something or for failing to act as expected (e.g., 

having failed to deliver a project on schedule). Conversely, responsibility can also be understood 

prospectively as a relation between a person and a state of affairs or act, in the sense of being 

responsible for doing something. I.e., a person having an obligation to an individual or collective 

entity such as a client, a company, or society at large (e.g., not overcharging clients, avoiding conflicts 

of interest, not denigrating the reputation of a fellow professional, considering implications of 

professional work and minimizing the adverse impacts. and so on) (for a detailed treatment see Melé, 

2020, 60-65; Van de Poel, 2015). 

Responsibility as an obligation is frequently encountered in discussions about responsibility in design, 

yet it is óproblematically understood and defined, mostly not going beyond the terms of ñprofessional 

due diligence,òô according to Fry (2004, 146). Two main concerns have dominated the understanding 

of responsibility as an obligation: on the one hand, those linked to proper professional conduct 

towards clients or the public; and, on the other hand, concerns related to a wider social responsibility 

of designers (Fry, 2004, 146). Along these lines, when we talk about practice-oriented responsibility 

in design we generally mean the professional inclination to present a good product, suitable to the 

requirement presented by the client. Responsibility becomes thus almost a technical notion. 

Furthermore, abiding by local or national legislation is indeed a part of the designerôs legal 

responsibilityðhealth and safety, accessibility, inclusivity, and sustainability procedures are all a part 

of a designerôs professional responsibility. 

Typically, the concept of responsibility regarding design brings to mind tragic vignettes like safety 

issues in construction or designing weapons. However, while responsibility might occasionally have 

to do with life and death quandaries, itôs more often related to more prosaic issues such as whether to 

manufacture more chairs into a world cluttered with plastic garbage or designing ads for online 

gambling platforms. 

There is another alternative way to look at professional responsibility, which is seeing it as consisting 

of three distinctive, yet integrated dimensions. First, an almost objective set of norms and conventions 

stemming from the technical characters of the profession. Arguably, sub-disciplines of design will 

entail a (partially) differing set of responsibilities. 

Second, there is the subjective layer of professional responsibility stemming from a personôs integral 

set of identity-oriented world views, principles, and valuesðwhat some would colloquially call their 

ópersonal ethicsôðwhich can also be linked to how the profession is individually exercised. One 
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designer could abide by a strict vegan code for their designs, another by fair trade, while someone else 

will focus on universal accessibility. 

The third dimension is the most crucial one. Here we have responsibility understood as a virtue 

connected to the professional practice (especially its larger purposes, excellences, and intrinsic 

rewards). The central aspect to grasp from responsibility as a virtue is that being responsible is a 

character trait of the practitioner thatôs not determined by a set of declarative obligations the 

practitioner is bound to, but rather by the entailments of belonging to a professional practice. The 

layer of subjective values acts in combination with the shared purposes of professional activity and 

accumulates to a more holistic understanding of design responsibility: responsibility as a virtue. 

In the remaining sections, we shall leave aside the understandings of responsibility as praise or blame, 

and as an obligation, as well as the subjective layer grounded on the designerôs ópersonal ethics.ô 

Instead, we shall focus our attention on responsibility as a virtue intimately linked to the professional 

practice and its shared purposes. Our analysis concentrates thus on how shared professional purposes 

manifest in will, thought, and action at the individual level. Despite this focus on the individual 

designer, itôs critical to keep in mind that this account maintains that the practitionerôs ethical 

reasoning and willing are relational, i.e., to a significant degree determined in relation to others. In the 

professional sphere, when a professional designer wills to attain an end, they do so guided by the 

professionôs overarching purposes in interdependence with the wills of other designers, who mutually 

and dynamically shape these purposes. In the last section of the paper, we will briefly revisit the 

collective level, but this clarification suffices for now. 

 

3.1 Professional responsibility and care 

To elaborate further, we need to add the concept of ócare.ô Care must be understood as an ongoing, 

relational practice that óshows us how to respond to needs and why we should. It builds trust and 

mutual concern and connectedness between personsô (Held, 2005, 42). Care is something in itself, but 

it also is a key component of responsibility as a virtue. For the ethicist Jessica Nihlén Fahlquist (2015, 

194), óto be a responsible person is to feel responsible and to feel responsible is to care about othersô 

wellbeing and how oneôs actions affect our fellow human beings.ô 

Thus, for example, inclusive design cares for marginalized social groups, not by labeling them as 

such, but rather by following the dictum that óby understanding the extreme you innovate for the 

mainstream.ô Similarly, inclusive designers do not act out of pity or compassion, but rather out of a 

sense of social justice, following the principle that every person deserves the same services. Rather 

than fighting stigma by creating other stigmas, designers might reframe marginalized groups to a part 

of the mainstream as a strategy to product and service innovation (Coleman et al., 2016). Moreover, 

when designing for global development a responsible designer does not óempowerô or óassistô the 

local populations but seeks to work ówithô design partners towards establishing caring relations based 

on mutual concern, harnessing their unique knowledge to create together a suitable outcome. Be that 

as it may, the essence of imbuing care among designers as practitioners may need a process of 

reframing and restructuring the very role of designers in society. 

A short detour through history might illuminate the predicament in which design as a discipline found 

itself not so long ago. Specifically, three globally influential events offered a change for designersð

the economic collapse of 1929, the war effort of WWII, and specifically in the production of an array 

of vehicles, technology, and weaponry, and the new world trying to redefine itself after the end of 

WWII. For the purposes of this article, suffice it to say that these events triggered a complex shift 

linking design and capitalist values, as an inherent and almost automatic correlation (Ventura and 

Shahar, 2021). In other words, design has since then become a marketing instrument meant to 

motivate consumers to purchase more goods and replace their old models every few months with a 
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newer model. Thus, raising the very essence of care and responsibility vis-a-vis design is not a simple 

nor a trivial matter. 

Another key event lies in Germanyôs efforts to return to the global center stage as a humanistic cradle 

of design. Heralding a new and improved German stance and heritage, this effort brought to life the 

New Bauhaus or the Ulm School, three decades after the Nazis shut down the Bauhausðthe first 

socially-sensitive school, still influencing designers 100 years after its inauguration . Interestingly to 

this context, the schoolôs two headmasters symbolized the two paths of design as a discipline. Mired 

by its near history, Ulmôs first headmaster, Max Bill opted to focus on functional, affordable objects, 

rather than politics, values, and ideology (contrary to the Bauhausô approach). However, following 

internal and local strains, at the beginning of the 1960s the schoolôs second headmaster, Tomas 

Maldonado, raised various issues presented in this paper, more than 60 years ago (Maldonado, 1965; 

2018)ðwhat is the role of the designer in society? Should design as a discipline trigger political 

debate and social change? Why should designers design and how? 

The story of responsibility then follows an unfortunate short path through the second half of the 20th 

century, offering few elaborate answers. Yet at no time as the current reality does these questions 

resonate more clearlyðhow could designers care for and about, and what must they be responsible 

for? Indeed, adjacent paths, triggered by these vexed questions, from the Scandinavian social 

approach in the 1960s, through the UK strive for healthcare design and thinking of the other 99%, 

culminating with inclusive design and the appraisal of care vis-a-vis design all stem from these 

influential historical events (Clarkson et al., 2013; Sparke, 2013). 

 

3.2 Designing as self-enactment 

As designers moved away from being ómereô problem solvers to also focus on the ófuzzy front endô of 

open-ended processes (Manzini, 2015, 40-43), so did the very scope of the profession change. 

Roughly, two main approaches came to dominate the discipline, albeit not remotely equal in 

influenceðthe designer as a marketing agent, versus the designer as a social agent. From a historical 

point of view, however, dealing with care has not been the purview of designers, nor was it a point of 

interest till the later decades of the 20th century, when the aforementioned shift took place. 

Contrary to theoretical disciplines, or even other professions, because of their connection with 

production, designers can transform caring about into actual caring for. For instance, caring about the 

environment can be transformed into caring for the environment. In this manner, designers hold a 

unique stance to influence the daily lives of millions. An environmental agenda from IKEAôs 

designers to stop manufacturing chairs could have a global impact, just as setting a global standard for 

laptopsô charging cables, and these examples do not even scratch the social and deeper ethical 

dilemmas of practitioners in this discipline. Furthermore, caring about the environment can be 

actualized differently: some argue that better than creating innovative, sustainable solutions it is to 

just stop designing new things altogether to focus on maintenance (Vinsel & Russell, 2020). 

Yet our argument goes in a different direction, which is not in the least incompatible with priming 

maintenance or social and environmental justice. However, while the focus on others and the 

environment is surely very important and it requires further treatment (see Ventura and Bichard, 

2018), here we want to make and defend a different assertion from arguing for the necessity to 

consider others as active subjects of care in design. We posit that design as a profession is itself a 

reasonable object of care for a responsible designer to have. Responsible designers care about and for 

others also because they care about and for their profession. Weôll explain. 

Considering the ability of design to influence many aspects of othersô lives, the designerôs role must 

be examined along a continuum ranging from the designer as a technician (mainly bounded by legal 

and general moral duties)  to the designer as a responsible professional in the virtue sense we explored 
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above, in which duties are still important but not the whole of what responsibility is about. Because 

being a responsible professional plays a key part in the designerôs own quest to lead a good life, the 

profession itselfðdesignðcan be an object of care, which provides sufficient motivation for acting 

responsibly. In other words, responsibility is linked not only to an external dimension of care (others, 

the planet as a whole, etc.), but also to an internal one related to the role oneôs profession plays in 

oneôs self-enactment. Naturally, this requires further elaboration. 

For the responsible designer, hiding behind empty excuses such as óI just work hereô does not cut it 

when influencing the visual and material reality of millions of people around the world. Typically, 

designers óare better able to discuss the principles of the various methods that are employed in design 

thinking than the first principles of designô (Buchanan, 2001, 36-37). It is perhaps because of this that 

some often eschew deep discussions of óideologyô and óethicsô and prefer to draw an all too easy red 

line over designing weapons, ads for tobacco products, or pornographic websites. On the other hand, 

working mindlessly without impacting our field or social sphere, or keeping a safe distance from the 

theoretical outskirts of the discipline does not cut it either. A responsible designer seeks to articulate a 

different path altogether, bringing together the concept of óresponsibilityô with that of ócare.ô 

From a philosophical point of view, a person that is óresponsibleô is personally invested in what they 

care about. Philosopher Harry Frankfurt posits that ówe identify with what we care aboutô (Frankfurt, 

1999, 111). When our object of care is harmed, we experience that as a personal loss; moreover, when 

our object of care flourishes we see that as a personal gain. This can be illustrated with the example of 

a design instructor or teacher. An invested teacher sees it as their personal gain when a student 

advances, learns new skills, and acquires abilities they didnôt have. Conversely, a teacher who cares 

will often experience a sense of personal loss when their students fail to connect and apply their 

learned subject matter. The upshot is that a responsible teacher is invested in their objects or subjects 

of care, and it is because they care that that a sense of loss or gain is experienced. 

Something similar happens in professional design activity. As we advanced above, it is because the 

practice of design personally matters to us as designers that we are driven to act responsibly. This 

could be articulated through the óexternal-internal motivationô concept in pedagogic philosophy 

(Harpaz, 2013). While monetary incentives are welcome, it is a personal set of values or aims that will 

enable a learner their needed motivation to excel and shine amidst other learners. While this may 

seem the case in other professions as well, design is once more different in the designerôs special 

position as mediator and facilitator. Being a key agent mediating between policymakers, industry and 

marketing leaders, and the óordinary peopleô, to use De Certeauôs (1998) description, only raises the 

importance of caring for design on the designerôs part. 

Indeed, while working in the industryôs top, graphic designer Milton Glaser (quoted in Millman, 

2007) stresses his approach to the designerôs intricate relation with earning a living and keeping a 

value system as a key notion in design practice:  

Money has never been a motivating force in my work. I am very happy to have made enough money to 

live as well as I do, but I never thought of money as a reason to work. For me, work was about 

survival. I had to work in order to have any sense of being human. If I wasnôt working or making 

something, I was very nervous and unstable (p.32). [...] Acknowledging that the world exists, and that 

you are not the only participant in it, is a profound step. The impulse towards narcissism or self-

interest is so profound, particularly when you have a worry of injury or fear. Itôs very hard to move 

beyond the idea that there is not enough to go around, to move beyond that sense of ñI better get mine 

before anybody else takes it away from meò (p.34). 

 

In his down-to-earth approach, Glaser foregrounds the dilemma of countless designers even todayð

are we working for ourselves, to make a lot of money or create a name for ourselves, or do we work 

for something more, for a purpose that is more dear and profound to us.  
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Thus, responsible professional designers are personally affected when their object of care (the design 

profession or, even, design as a whole) is advanced or hindered. Hence seeking to realize specific 

purposes and design solutions matters to them. If you will, design empathy does not only deal with 

caring about and generating empathy towards other design partners, but also to the discipline itself, 

and the very definition of design practice (see Segal & Ventura, 2019a). 

Designer Michael Bierut, who worked with leading companies and agencies, expresses the concern 

designers feel when their own beliefs conflict with the clientsô or a shifting reality:  

In terms of design, I really admire and envy designers who always must do it their way and can walk 

away from a job if itôs not done on their own terms. I remember early on in my career, I worked with 

a guy who was absolutely secure in his convictions; though he liked it when people agreed with him, it 

wasnôt necessary in order for him to feel that he was right. Whereas if I go into a client meeting, and I 

canôt sell something, I feel like Iôve failed and my convictions get shaken (quoted in Millman, 2007, 

6). 

 

Once more, a sturdy belief system is all well and good, yet when working in the industry, not a 

gallery, designers find themselves in complex situations, leading to difficult choices and requiring 

rotten compromises. Interestingly, even such a star designer shares his uncertainty of acknowledging 

a clearly defined hierarchy of beliefs. Should we focus on being paid, on sustaining our reputation, or 

perhaps something bigger yet ephemeral?  

Bierut also expresses his concern with the struggle between professional responsibility and the need to 

earn a living or simply keep the lights on in your studio:  

Most of us would say that our ideals, whether newfound or long held, give way at the end of the day to 

the pressures of running our businesses; that the sanest course of action is to push environmental 

activism or social consciousness as far as you can and then back off to fight another day; and that a 

clientôs a client and an invoice is an invoice. In the end itôs all about money, isnôt it? Well, maybe not. 

Maybe itôs about something else, something that hasnôt changed, something to do not with money, but 

with the very structure of the relationship between designers and their clients (Bierut, 2007, 19). 
 

Responsibility as a virtue is expressed by asking oneself questions about what choices are compatible 

with desirable aspects of oneôs identity, and about the pursuit of what purposes contribute to oneôs 

development as a person. A question like ócould I stand to be the sort of person who can do that?ô is a 

question we, albeit tacitly, often ask ourselves, yet perhaps not often enough. Moreover, due to its 

broad and overreaching nature, design can and often does lead to thorny questions around equality, 

gender, identity, legal boundaries, and more. As such, dealing with responsibility is not a hypothetical 

or theoretical conundrum, but a significant matter influencing oneôs identity and ongoing process of 

becoming oneself, from both a professional and a personal point. Therefore, the classic question of 

ówhat would you not designô, might trigger an answer of ówhat is not necessaryô, rather than the 

abovementioned redundant clichés (e.g., óweaponsô). Moreover, setting aside the designerôs 

perception of an ego-driven creator in favor of a complex action of design to contribute to othersô 

flourishing might help in strengthening oneôs character, securing oneôs set of values and essence of 

responsibility. Indeed, while professionally caring for others (either individuals or marginalized social 

groups) may fall to the hands of dedicated professionals (inclusive or social designers), the 

responsible necessity of defining oneôs influence on the industry and the market should fall under a 

necessary process for all practitioners. 

 

3.3 From caring about to caring for 

As we explained, the external and internal sides of responsibility are basic necessary traits of design 

as a practice. Yet, when moving from this starting point to a deeper and more significant stance, we 
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must reconsider the essence of care. The notable addition to this factor is the consideration of an even 

more complex notion of empathy, identification, social virtue, global and unequivocal beliefs, and 

emotions. While the status of emotions as a valid source of moral knowledge is a hotly and widely 

contested issue in philosophy, the character-based perspective we present here leaves plenty of room 

for considering them as a relevant input for moral reasoning. Again, transferring the designerôs 

creativity from linking emotions and creating evocative objects, to the deeper and relevant link 

between care, empathy, and phenomenology. In other words, the designerôs understanding of the 

design partnersô needs and constraints, viewed through a research-based understanding of feelings, 

memories, and experiences will help in securing oneôs subjective set of values as well as their sense of 

responsibility and care, which is firmly anchored in the very profession they are committed to. This 

shift could be articulated through a simple choice of color in the design processðam I choosing 

orange because it sells more, or because it will help my design partners confront shame and stigma? 

In short, what we care about and, more importantly, what we care for is paramount in our ethical life, 

and even helps define our professional expertise (social design or marketing-oriented design, for 

example). Ethics is not about following rules, but about pondering on the effects of our daily 

existence in the world as well as about our reasons and purposes, which is why design as a daily, 

routine-led action is so relevant. Indeed, Milton Glaser accentuates the importance of ówhat not to doô 

when designing, not but a set of rules, but simply following the principle of ódo no harmô:  

Designing a package aimed at children for a cereal whose contents you know are low in nutritional 

value and high in sugar. 

Designing a line of T-shirts for a manufacturer that employs child labor (Glaser, 2004). 
 

While the latter dictum is fairly uncontroversial,3 the former tackles a related topic but from a more 

elusive perspective. Should designers design a technically well-designed product, for which they are 

handsomely paid, to harmfully yet legally influence the end-users? Glaser's words are ethically 

relevant in that they remind us of what to care about, he is not providing a set of dos and don'ts to 

follow or adhere to blindly but making us question what we should care about. 

Imagine the following scenario: an interface designer, suppose their name is Chris, feels uneasy and 

troubled regarding a client asking for the inclusion of so-called ódark patternsô in the design for an app 

they are working on.4 Imagine also that Chris seeks to negotiate with their manager or client and 

argues for a different design, one that is not manipulative and does not trick (potential) customers of a 

digital service into engaging in determinate behaviors that are not beneficial for them. 

In line with our arguments, it is the way Chris approaches and deals with this situation that is central 

to ethics. The result they might obtain in their negotiation is naturally relevant but is also highly 

contingent on many factors outside Chrisô sway (first and foremost, power dynamics, influenced by 

race, gender, or age, as well as an institutional culture and so on). The upshot is that Chris shows 

moral and emotional maturity by recognizing and facing a difficult, ethically fraught situation. In this 

way, Chris' character is further developed and strengthened as they seek to balance as a whole person 

the multiple demands they face: not doing as a professional designer something (a manipulative 

design) they reject as a person (manipulation). Chris is willing and able to engage. They avoid 

shutting off the uneasiness and being mindless not necessarily because they have an obligation 

towards the customer, but because in their view a responsible designer would not manipulate a person 

or user. Whatôs more, Chris would not bear to become that type of designer who does that. 

                                                            
3 We call it óuncontroversialô because child labor is globally accepted as a curse for every child and the world as 

a whole. However, child labor is still one the most critical unresolved issues humanity faces. In 2020, according 

to UNICEF, 160 million children were forced to work. 
4 Dark patterns are design tropes that seek to promote business objectives such as increasing revenue by 

exploiting cognitive biases and psychological mechanisms. 
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This complex scenario is mirrored in the assertion offered by the designer James Victore that óthe 

unspoken part of what we do is compromise. Clients donôt just come to me and say, [é] ñweôll let 

him do what he wantsòô (quoted in Millman, 2007, 107). Victore thus truthfully summarizes the daily 

essence of design, one which is typically not told to design students: design practice is not a magical 

and instantaneous process, but a rather arduous, conflicting, and time-consuming process of 

negotiation and conversation. Like swimming against the current in a shark-infested sea, the designer 

materializes or visualizes an intricate compromise, mediated by the value systems of a plethora of 

design partners. 

Another vignette could be articulated through industrial design. Imagine Lucy, another hypothetical 

designer, who receives a commercial brief to design a plastic chair. For here, several possibilities 

arise. First, they can design the chair restricting themself to the consideration of the technical aspects 

of the brief without appraising further implications. Second, they can outright reject the brief 

Quixotically, stressing that the project is beyond rescue because the world is already filled with chairs 

and there is no need for another. Third, they can suggest alternative and more plausible approaches. 

For instance, subtracting an amount of plastic from the mold (i.e., ódematerializingô the chair, which 

makes it lighter), designing for longevity and repairability, placing the chair into a circular business 

model (such as óProduct Service Systems Modelsô), and so on. Evidently, there are many other 

possible courses of action, some of which might end up in not designing the chair at all or in firing the 

client or in Lucy quitting their job, but this would be outside the point we try to make here, which is 

not about advocating sacrifices to uphold oneôs values whatever the cost. The point is that Lucyôs 

consideration of the possibility of different alternatives is what instantiates responsibility. Joseph 

Weizenbaum (1976, 241) affirmed that óthe myth of inevitability is a powerful tranquilizer of the 

conscience. Its service is to remove responsibility from the shoulders of everyone who truly believes 

in it.ô Through the conception of alternatives, Lucy embraces responsibility as they resist 

thoughtlessness and fatalism, not in the harsh Marxist binary perception, but rather as a protest 

through everyday choices and actions (De Certeau, 1998, 34) that allow her to face the difficult issues 

and come to terms with them. This scenario focuses on environmental aspects but Lucy, being the 

responsible designer they are, is not naïve about design and knows that its effects are often broader 

than the environmental layer. 

 

4 The perils of compartmentalization 

In general, personal identity is made out of the different roles we adopt (professional, friend, parent, 

sibling, daughter, employee or employer, lover, citizen, and so on). This division entails that the 

ethical deliberations one performs often generate irresolvable tensions and conflicts between oneôs 

different social roles. However, truly acting in a way one can live with means making it personal and 

owning the decisions one makes. This means reflecting the power dynamics of the situation and on 

which important things are at stake and must be balanced, as well as what gets lost in the process and 

for what greater good. This reflection requires moral and emotional maturity. Especially in the form 

of emotional regulation skills, which help us avoid being overwhelmed and alienating ourselves from 

what is important to us in order to cope with the complexity of work life. Victore (quoted in Millman, 

2007) articulates the difficulties of navigating internal conflicts between oneôs personal and 

professional roles:  

Professionally, I donôt really have any worries. Any. I like what I do. But I am worried about what the 

state of the profession will be in the future. Iôm worried about the state of the world. My concern now 

is to make a little bit of money. And for the first time in my life, I feel guilty about it (p.108). [...] I like 

what I do, and I seem to have a reputation for altruism and telling the truth; but at the same time, all 

that work I do for free. Or I pay for it with my own money. And now Iôm worried about making a 
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living for my family. And this bothers me because I donôt know how to do both. And I want a hot rod! 

(p.109) 
 

With candor, Victore highlights the classic dilemma of designers rooted in the industryðtrying to 

navigate between oneôs moral code and red lines yet upholding the professional commitment and 

sense of shared purpose that is related to a practice as well as to maintaining a sense of self. To cope 

with this difficult position, people often, willingly or not, turn to compartmentalization; that is, 

dividing oneôs life into ósegments, each with its own norms and modes of behavior. So work is 

divided from leisure, private life from public, the corporate from the personalô (MacIntyre, 2007, 

204). This means doing something as a professional that one finds ethically inadmissible as a friend, 

citizen, or parent. While allowing one to function andðoften only fleetinglyðresolve oneôs dilemma, 

a fragmented self is seriously diminished as a moral agent, and it is incapable of bridging the 

limitations foisted by its own different roles. When designers compartmentalize, they typically tell 

themselves that ódesign is just a jobô, óI am not my jobô, óIôm a designer, my job is to help companies 

with whatever they ask me, whether I like it or notô, and so on and so forth. 

Again, as we have seen in the Ulm Schoolôs conflicting worldviews, design as a discipline needs to 

decide whether it is in exclusive service of the industry, or perhaps something else altogether. This 

second option does not necessarily entail becoming a pro-bono designer or a secluded hermit. First, 

we need to acknowledge the harmful influence of a fragmented self and try to determine a path that 

would be acceptable in both a professional and personal manner. 

Every designer constantly negotiates and compromises in their daily work about technical, formal, or 

aesthetic issues. This stems from the fluid and temporal nature of the discipline, in which designers 

find themselves working in various fields of production and facing conflicting demands, according to 

their current clients. But it is our contention that this negotiation involves the responsible designer as a 

whole person, implicating their different roles when relevant. The role that negotiation plays in 

responsibility and the designerôs personal investment is illustrated by the words of the designer Paula 

Scher (quoted in Millman, 2007: 50-51): 

There are all kinds of problems and compromises that [one] must negotiate. Things that have to be 

held on to, things that have to be protected to make something move forward. And itôs very, very, very 

hard work. 
 

These words are important because they can be understood as highlighting that Scher is not merely 

wishing to hold on to these elusive things ï these things truly matter to her and are worth working 

hard for. She makes these things especially her own. And they seem to be truly important because she 

fully identifies with them. It would be a personal loss for her if what she cares about was diminished.5 

Designing as self-enactment and self-development lies in perfecting a billboard with poor legibility, 

as it does in developing a virtual solution for an inclusive clinic or a banking app that allows those 

who suffer from gambling addiction to block transactions relating to gambling (some banks already 

offer a tool like this, see Monzo, n/a). A responsible designer who cares would realize that even if this 

blocking feature wonôt resolve the underlying gambling addiction, it will add a layer of ófrictionô that 

can contribute to reducing the impulsivity that is afforded by the immediacy of digital tools. This view 

is articulated in another quote by Scher (quoted in Millman, 2007, 44):  

I consider the fact that I have been able to continue to grow a very important part of how I perceive 

success. To me, success is not about money, itôs about what I design. If I get up every day with the 

optimism that I have the capacity for growth, then thatôs success for me. 
 

                                                            
5 A disclaimer: we want to illustrate a point and we might be wrong in our interpretation of Scherôs words, the 

point we make about self-enactment stands regardless. 
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As we see, even among the Olympus of the designers, there are relevant and important issues larger 

than answering a clientôs brief. Therefore, we can surmise that becoming a responsible  designer 

means learning to recognize, appreciate and care about and for these elusive things. What we do as 

practitioners is an important part of our narrative quest as individuals. It is a part of how we want to 

be and who we want to become. At its most general, the virtue of responsibility is expressed in truly 

caring for certain things because they are seen to be directly connected to the attainment of the 

internal goods of designðthe exclusive rewards that design as a practice offers its practitioners, 

which can only be obtained by designing (Guersenzvaig, 2021). In other words, money or fame, 

however important, donôt make the cut to count as exclusive to design. Internal goods have more to do 

with óthose things that have to be protectedô (to use Scherôs words) than with a high income or 

prestige, which can be attained through any other means. 

Indeed, while designers differ from artists in their need to correlate with their clientôs brief, this 

should not serve as an excuse to annul all other value systems. Designers must acknowledge and 

articulate a system of responsibility and values, for both themselves and the discipline. Responsibility 

as a virtue revolves around a readiness to care and a willingness to respond to a plurality of often 

conflicting demands. Of course, this readiness is bound by the true ability one has to responsibly deal 

with those demands. In other words, internal capacities such as imagination, perseverance, or 

judgment, as well as the external institutional dimension of oneôs circumstances (Williams, 2008, 

459). 

What can be done, then? We sketch two boundary conditions for action. First, leaving designers to 

decide between two unproductive courses of actionðeither leaving the industry or embracing 

carelessness . This is, to reiterate, simply not a reasonable option. Designers work in, with, and for the 

industry. Any viable professional ethics must recognize this fact and preserve the ability to make a 

living through the profession while staying connected to the industry. Second, as many authors have 

vigorously argued from different political and theoretical perspectives, it is necessary to act in order to 

change our relation to the discipline (e.g., Boehnert, 2018; Bruinsma, 2000; Costanza-Chock, 2020; 

Dreyfuss, 1955; Garland, 1964; Irwin, 2015; Maldonado, 2018; Margolin, 2002; Monteiro, 2019; 

Papanek, 1984). Moreover, the understanding and triggering of a holistic professional change must 

come from within design practice because crucial insights into the ethics of designing can be obtained 

by practitioners examining the practice from within to recognize what designers already do that 

amounts to what design can be at its best (Guersenzvaig, forthcoming). Change from within also 

requires reflecting on and taking responsibility for designôs role as a marketing-oriented and 

consumption generator agent to the industry. It is from this awareness about the practice that we can 

change our relation to the discipline and transform the caring about into the actual caring for that 

design is about. 

In sum, avoiding compartmentalization asks us to óstay with the troubleô, to state it using Donna 

Harawayôs formulation. Attempting to change the practice while maintaining integrity does not 

require, even in urgent times like these, to óclear away the present and the past in order to make 

futures for coming generationsô (Haraway, 2016, 1). A more modest yet promising individual and 

collective commitment to change is to engage in practices of responsibilityðand responsibly looking 

at the past is included in theseðwithout futilely expecting as a precondition that our practice is pure 

and free from everything we repudiate, because it will never be. Design is too complex and fraught to 

be cleansed and purged of its ethical entanglements. 

 

5 Conclusion 

Our approach avoids the well-trodden, yet unfruitful, paths of either succumbing to the industry and 

coping with it from a disengaged and fractured self or exiting the profession altogether. We suggested 
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a different course of action in which a responsible designer is aware of what bounds and constrains 

them morally and furthermore invests a lot of effort in changing the constraining conditions. All this 

out of a readiness to care and a sense of integrity. The words of Milton Glaser serve to highlight this 

avenue for professional responsibility:  

I think I stand for an attempt to think responsibly about the practice of design in terms of its effects on 

society. I donôt say that self-righteously. I believe that you have to think about the consequences of 

what you do. I try to be conscious about this and raise the issue wherever and whenever I can. I also 

think I stand for an openness about what the design profession can be, and how things beyond the 

practice affect and modify both society and the way we think about design (Milton Glaser, in Millman 

2007, 39).  
 

Milton Glaserôs words highlight the need to embrace introspection and reflection on the nature and 

effects of design, but they also underscore the need to implicate ourselves in the effort to change the 

constraining conditions under which we operate. This effort consists primarily of engaging in difficult 

negotiations and persuading others (the client, project managers, marketing experts, etc.) into a 

consensus about what counts as possible. The narrower the conception of what counts as a valid 

expected outcome (that is, one that is accepted by the client as a project result), the more constrained 

the space of true possibilities and, in turn, the designerôs true options for moving from caring about to 

caring for. 

The effort to change the constraining conditions resonates with what Paul Dourish (2001, 172) calls 

the ódesignerôs stanceô; i.e., the designerôs own conception of what they are doing, to the particular 

perspective they adopt regarding the role they play in a given design situation. A responsible designer 

has a stance that enables them to make the effort to design as to ensure that the possibility of care 

becomes an actuality. It has to do with a sense of integrity and identification with what they care 

aboutðin this case it is design, their profession, its rewards, as well as its larger purposes. One of the 

reasons why a responsible designer strives to broaden the solution space becomes clear: itôs because it 

personally affects them whether care is realized or not. The responsible designer finds motivating 

reasons for ethical action because they care, and they care because designing is a constituent part of 

who they are and who they aspire to become. Designing responsibly brings them closer to becoming 

the person they want to be, thus actualizing their stance, which will help nudge the scales from a 

short-term focus on external goods such as money or prestige to the purposeful and long-term 

investment in the internal goods of design. The virtues of responsibility and practical wisdom allow 

the designer to know what to do by developing attachments to what matters and by enabling them to 

rank goals, purposes, and rewards that are to be pursued and held to. 

This account enables us to retain the notion of responsibility without implying that a designer is 

wholly responsible for an outcome. Arguing that designers have full control over both process and 

results would be absurd. Instead, responsibility is about actualizing care when one has the effective 

capacity to respond and about not eschewing to seek out ways to be less constrained by the 

circumstances when one doesnôt have those effective capacities. When responsibility is understood as 

the readiness and willingness to convert care into design under complex and dynamic circumstances, 

acting responsibly does not seem farfetched, but rather plausible even in a market-led environment. 

 

6.1 Clarifying remarks 

Before concluding we want to make three clarifying remarks even though we donôt have the space left 

at this point that would be necessary to consider these threads with the attention they deserve. 

First, caring in the sense outlined in this paper is not necessarily selfless, altruistic, or out of a sole 

aptitude for empathic concern for others (though it can and in some cases should be). Caring is, 

however, unquestionably personal. A caring stance is characteristic of how a responsible designer 
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engages in the pursuit of the internal goods of design, and this is part of their narrative quest, not only 

as a professional, but also as an individual. Being responsible and being invested in oneôs profession 

is fundamental for enacting oneôs life plans as a professional, as well as for advancing design as a 

profession. In this sense, our approach shows a plausible way in which responsibility can go beyond 

being a remote aspirational ideal for the design profession, but a purpose that is both reasonable and 

worth pursuing. This understanding, however, entails constantly reevaluating and adjusting the 

broader, abstract goals we give ourselvesðsuch as belonging, happiness, authenticity. transcendence, 

success, and many othersðand how they fit together with our own narrative quest and the other 

practices we participate in. 

Second, we wish to zoom in to and acknowledge once more the dynamics of current professional 

design, which is embedded in for-profit organizations. There are huge constraining conditions 

(political, organizational, and economical ones) that a professional designer faces in the context of 

contemporary modern capitalism. Everyone who has a job knows that market forces affect and tend to 

reduce all spheres of human activity to that which can be exploited for profit. We believe, however, 

that all this does not invalidate our proposal, which is more about how to navigate these tensions than 

about resolving the problems of designing in times of capitalism. 

Moreover, influencing the field through its hardcore industrial sphere creates another sort of impact 

than choosing the safer approach and influencing through design venues that are already deeply 

rooted in moralistic-humanistic roots (i.e., inclusive, empathic, human-centered design, etc.). 

Designers (and especially our students as designers-to-be) would do well to realize that, beyond 

market forces, our deeper reality is anchored in interdependency and vulnerability, which inescapably 

require care (MacIntyre, 2001; Held, 2005). Whatôs more, capitalism itself is sustained by all sorts of 

care activities, which take place against a backdrop of unequal class and gender relations, without 

which capitalism canôt survive. Think of unpaid or low-pay care work, which is mainly and 

disproportionately carried out by women: all that cooking, cleaning, and caring for children, people 

with special needs, and older adults. For many scholars, this is no coincidence, but a basic condition 

of capitalism (M¿ller, 2019). This instrumentalization, however, doesnôt detract any value or 

goodness from care itselfðwhether realized through design or child-rearingð , but it makes us 

recognize, question, and reject the parasitic nature of the relationship. 

In 1964, Dutch graphic designer Jan van Toorn lambasted: óIt is not our job to please businessô 

(Crouwel & Van Toorn, 2015, 55). Can he be right? It certainly is our job as designers to deliver work 

that meets the requirements stipulated in the design brief and for which we were hired in the first 

place. This might seem to contradict van Toornôs defiant words, but despite this apparent 

contradiction, he has a point: meeting business goals canôt possibly be the designerôs only job. 

Professional designers have many other goals and purposes, among which contributing to othersô 

flourishing is paramountðof course, how this task ought to be carried out in practice is a perennial 

matter of discussion among practitioners. To clarify, we are not arguing against increasing a 

companyôs revenue or market share (or seeking fame for oneself, for that matter). We posit that this 

turns problematic when achieving external rewards like these become the designerôs main concern 

that systematically overrides more strategic professional purposes. When this happens the practice 

itself is debased and derailed. The pernicious consequences of pleasing business no matter what are 

evident: not only does the practice of design suffer but its claim to professional status becomes moot. 

Third, despite self-enactment being our unit of analysis, it would be mistaken to view this account as 

putting forward a view of designers as self-absorbed selfish co-operators. Responsibility, as we 

presented it here, is a disposition, rather than a matter of convenience. Furthermore, an individualist 

interpretation canôt possibly be a correct reading, as our account relies on an at least minimally shared 

conception of the goods that are pursued by the profession in practice. While responsibility as a virtue 
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surely arises from discovering what it is to be ourselves, many of the issues calling for responsibility 

are not resolvable individually. 

Nonetheless, a shared purpose doesnôt tell the whole story because actual and genuine participatory 

engagement with the practice is indispensable to realizing the ends we pursue as designers. Yet, acting 

upon shared purposes is not, in the words of Charles Taylor (1991, 8), ójust a matter of changing the 

outlook of individuals, it is not a battle of ñhearts and minds.òô The sheer size and influence of the 

market forces we alluded to in the previous paragraphs nudge us in the direction of atomism and 

hopelessness, where we often abide by the rules of market efficiency, even when they conflict with 

our own views (Taylor, 1991, 97). It would be naive or even cynical to deny this. Nevertheless, there 

is no other use in fatalism, thoughtlessness, and passivity other than further reinforcing the vicious 

circle of inevitability and the abdication of responsibility. Coming to enact responsibility and to 

understand the shared nature of the practice of design and its purposes are ways of resisting those 

forces and changing the practice from within. In so far as this common pursuit strengthens the 

practitionersô identification with the practice and the mutual attachment to fellow designers, the 

atomism and fatalism that makes us hopeless weakens. Along this line, a shared purpose transcends 

individual practitioners and substantively connects them to one another, which makes self-enactment 

a collective quest as well as an individual one: as professional designers we enact ourselves with and 

through others. 
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Abstract. The purpose of engineering is to solve consequential, real-world problems in service of society. To be 

effective problem-solvers in societal contexts, engineers and designers ought to be trained to conceptualize and 

operationalize ethics, equity, and justice in their practice. Our work develops a methodology for an ethics, 

equity, and justice audit of design pedagogy that can also be extended to design practice. We develop this 

methodology by drawing on and extending the Design Justice framework, which we then use to assess design 

pedagogy at a technology institution ï the Massachusetts Institute of Technology. In addition, we explore how 

design and critique courses engage with ethics, equity, and justice content in course syllabi and examine the 

impact of social and racial justice movements on design pedagogy. Our audit of design pedagogy, the largest 

such audit of its kind, serves as a proof of concept of how this methodology can be applied more broadly to 

design education and practice. 

 

Keywords: design, equity, ethics justice, pedagogy 

 

 

1 Introduction  

Engineering design pedagogy largely focuses on building scientific, engineering, and design expertise 

in future engineers (Bucciarelli, 1996; Cross & Cross, 1998). This focus on analytical and technical 

rigor, while essential, does not generally take into consideration the vital and complex role of social 

context in the design of technology (Rittel & Webber, 1973), and imparts an incomplete 

understanding to future designers and technology inventors of the role and purpose of the engineer, 

and engineered artifacts and systems, in society (Verma & Djokic, 2021c). 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 questions of ethics, equity, and justice. Engineering education and design 

researchers generally agree that pedagogical innovations are needed in order to ensure that current and 

future technologies are imagined, designed, built, managed, and disposed of in equitable and just 

ways (Riley, 2008; Gallimore, 2021; Costanza-Chock, 2020). In this paper, we audit design pedagogy 

and the inclusion of ethics, equity, and justice therein to provide a baseline from which to commence 

pedagogical innovation and renewal to better prepare 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 

ñframework for analysis of how design distributes benefits and burdens between various groups of 

people.ò Design justice researchers, such as Costanza-Chock (2020) and DôIgnazio & Klein (2020), 

mailto:kk3@wellesley.edu
mailto:aditive@umich.edu


 

122 
 

and practitioners urge designers to consider the ways in which design can perpetuate or challenge 

systems of oppression and discrimination in contemporary societies (Costanza-Chock, 2020; Collins, 

2002). Doing so requires that designers explicitly consider design justice principles such as: which 

values are encoded in design work, who is paid to do design (and recognized as a designer), where 

design is done, and who the design work is done with and for (Costanza-Chock, 2018). The focus of 

our work is how the normative logics underpinning design are rationalized and perpetuated through 

pedagogy (Costanza-Chock, 2018), particularly in light of Black Lives Matter (BLM)-led social 

movements and an unprecedented amplification of justice in the social consciousness in the United 

States starting in 2020. We explore the impact of these rapidly mainstreaming social movements on 

design pedagogy at a technology institutionðin this case, the Massachusetts Institute of Technology 

(MIT). Our audit of design pedagogy at MIT, our shared home institution, is carried out in the spirit of 

constructive critique and transparency, as a call to design instructors to reflect on the ways in which 

we can better train engineers of the future to serve society.  The overarching aim of our research 

endeavor is to inform and stimulate the creation of design pedagogy that creates engineers who, 

through their design practice, aspire to advance equity and justice. We make the four following 

contributions through our paper: first, we extend the design justice paradigm for assessing design 

pedagogy; second, we explore which design justice paradigms are embedded in design pedagogy and 

how they engage with ethics, equity, and justice; third, we investigate what impact, if any, the social 

movements of 2020 have had on design pedagogy between Fall 2019 and Fall 2020 at MIT; and 

fourth, we demonstrate a proof of concept design justice syllabus audit methodology that can be used 

at institutions of higher education. Such periodic audits can be used to understand, measure, and 

orchestrate systemic and institutional shifts towards educating and training future designers and 

engineers who are better able to engage with ethics and justice. The first ever design justice audit of 

design pedagogy at MIT carried out in our work creates a baseline for comparing future pedagogical 

improvements and innovations. 

 

2 Related Works 

Design justice is a framework of analysis as well as a community of practice that ñensure[s] a more 

equitable distribution of designôs benefits and burdens; meaningful participation in design decisions; 

and recognition of community-based, Indigenous, and diasporic design traditions, knowledge, and 

practicesò (Costanza-Chock, 2018). A design justice analysis of technological design examines 

whether a particular technology challenges or reinforces existing and systemic forms of oppression 

and suppression or the matrix of domination (Collins, 1990). Costanza-Chockôs book on design 

justice proposes seven questions to critique existing technologies and institutional systems in which 

they operate, or to consider as part of the practice of designing new technologies. These questions 

include: (1) who gets to do design and whose work is recognized 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 location 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 ñDiscourseò into two distinct categories of ñDiscourseò and ñHistories.ò  

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 
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created by technologies are distributed on the basis of race, ethnicity, class, gender, disability and 

sexuality. While prior design epistemologies and paradigmsðincluding (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 othersðhave sought to 

center users and communities, none have aspired to achieve intersectional equity as part of design 

work, as design justice does. 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 problematic assumptions about the role technology can and should play in 

development. 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 limitations 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 (2010) describe as humanitarian 

engineering. They write that humanitarian engineering can be described ñas working to escape what 

has been called the ósocial captivity of engineeringô by capitalism or nationalism or some other form 

of wealth and powerò (Mitcham & Munoz, 2010; Goldman, 1991). 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, 2007). 

Understanding and addressing the limitations of engineering pedagogy specifically and design 

pedagogy broadly requires that we examine it through new conceptual lenses that bring social 

scientific and humanist ways of knowing to bear on the role of science and technology in society 

(Verma, 2021a). Pritchard and Baillie (2006) carry out such an analysis through a survey of Science 

and Technology Studies (STS) faculty and identify participation, politics, and citizenship as key 

analytical themes. Our paper builds on this work and adds additional analytical themes from the 

design justice frameworkðsuch as Values, Scope, Discourse, and Historiesðfor analyzing design 

pedagogy.  

While Costanza-Chockôs Design Justice scholarship (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 and Pawley 2012; 

Riley 2008). For this reason, we believe that a 2019 and 2020 audit of design pedagogy using this 

framework is apt. Our work marks the first scholarly effort to extend the design justice framework for 

assessing design pedagogy. While no previous work has explored how design justice is embedded in 

design education, prior studies have developed methods of reviewing course syllabi to find patterns 

concerning how particular topics, such as ethics, are covered in curricula. Syllabus analysis is an 

established, useful method of identifying areas of emphasis in curricula (Chong, 2016). Fiesler et al. 

(2020) conducted an analysis of syllabi with a focus on ethics curricula in computing education. They 

investigated whether ethics courses were typically 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 recommendations for integrating ethics content into computing 
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courses include emphasizing the idea in introductory courses that even a small design artifact like 

code can have social consequences so that students understand the responsibility of working in 

computing early on in their education. We conducted an audit of design courses using a similar 

methodology to investigate the ways in which instructors engage with ethics, equity, and justice in 

design pedagogy in both engineering as well as non-engineering departments of a technology 

institution. The design justice audit was guided by the following research questions in our study: 
 

RQ1: How, if at all, are design classes engaging with equity, justice, and ethics considerations?  

We hypothesize that most design classes are not directly engaging with equity, justice, and ethics 

considerations. We expect to see wide variation across classes and departments in their levels of 

engagement with these topics: from no presence to integrating equity, justice, and ethics as main 

focuses of a course. 
 

RQ2: Which design justice paradigms are implicitly or explicitly embedded in design pedagogy?  

We hypothesize that each department will have different design justice paradigms embedded in their 

pedagogy based on the parts of design they naturally already engage with. For instance, Mechanical 

Engineering courses may include more Beneficiaries since engagement with users is a common part 

of design courses in the field. Similarly, Nuclear Science and Engineering courses may include more 

Histories since some design courses involve critique of historical nuclear failures.  
 

RQ3: What impact, if any, have the BLM-led social movements of 2020 had on design pedagogy?  

We hypothesize that the BLM-led social 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 accommodations, etc.) 

but we do not expect this to permeate into pedagogy.  

 

3 Methodology 

To answer our research questions, we analyzed the design courses and the design principles (Fu et al. 

2016) embedded therein at a technology institution (MIT) through a novel design justice centered 

syllabus auditing methodology that we developed. 

 

3.1 Syllabus Auditing Process 

Our initial approach included performing a keyword search of ñdesignò in the course catalog for Fall 

2020 after the BLM-led social movements of winter, spring, and summer 2020. However, initial 

results (1006 courses for Fall 2020) did not comprehensively encompass design pedagogy at MIT. 

Recognizing the importance of design and critique as part of a reflective design practice (Verma, 

2021b; Bardzell, 2010), we were interested in identifying not only design courses but also courses 

which taught the students to think critically of design. In our analysis, we refer to these as ñcritiqueò 

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.  
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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? 

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 critiques how identity and 

background shape who is able to do design 

and recognized as a designer. The syllabus 

critiques design practices that do or do not 

view users and impacted communities as 

co-designers.  

Beneficiaries: Who do we 

design for or with? 

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 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. 

Values: What values do we 

encode and reproduce in the 

objects and systems that we 

design?  

The course teaches student 

designers to reflect on their own 

biases, assumptions, and values and 

how these might become embedded 

in the artifacts or systems they 

design. 

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.  

Scope: How do we scope and 

frame design problems?  

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 includes theoretical or 

methodological resources that students 

may use to examine and critique the 

framing of design problemsðfocusing on 

whether those framings are attentive to 

justice, equity, and ethics,ðand/or the 

course itself includes this critique. 

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?  

The course asks students to 

consider as part of their design 

work how their own design site 

may be privileged whereas others 

are overlooked or marginalized.  

The course includes theoretical and 

methodological resources that enable 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. 

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 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.  

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.  



 

126 
 

Discourse: What stories do 

we tell about how things are 

designed? 

The course asks students to 

consider how the technology or 

artifact being designed may be 

interpreted and/or rationalized, and 

itôs raison dô°tre described by 

future users.  

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 

dô°tre described by past, current or future 

users, and/or the course itself includes this 

critique.  

  

Histories: Acknowledging 

unequal histories and/or 

historical harms arising from 

technology design, use, or 

diffusion. 

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 students can 

use to examine the historical harms that 

have arisen current, prior, or future 

technologies, and/or the course itself 

includes this critique. 

 

Though we initially started with a keyword search for ñdesignò in course descriptions, in order to 

capture the broadest possible range of design and critique courses at MIT, we developed a more 

thorough approach that consisted of reviewing course listings across six departments. The 

departments chosen for our analysis are representative of our (authorsô) expertise and are known for 

their emphasis on design at MIT: Mechanical Engineering (MechE), Electrical Engineering & 

Computer Science (EECS), Nuclear Science & Engineering (NSE), Architecture, Urban Studies & 

Planning (DUSP), and Media Arts & Sciences (MAS). Across these departments, we logged courses 

for Fall 2019 and Fall 2020, collecting the course descriptions, syllabi, and any additional course 

materials available. Additionally, we identified courses taught in both Fall 2019 and Fall 2020 for 

comparison. We iteratively identified and agreed (two coders per course description) upon which 

courses were design and/or critique courses that included aspects of ethics, equity, or justice to 

include for further analysis. We engaged in this form of ñpurposefulò sampling (Patton, 1990) in our 

qualitative research approach to ensure we captured the variation of design courses at MIT and to test 

developing ideas of the presence of Design Justice at MIT. This approach in turn helped create a valid 

dataset with the potential for generalizability and expansion to other pedagogical contexts (Maxwel1, 

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 2020ða 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.  

 

Table 2. Number of total classes in each department of interest in Fall 2019 and Fall 2020 along with number of 

syllabi requested and number of syllabi analyzed for each department of interest  

 Fall 2020 Fall 2019 

 Total 

number of 

classes 

Number of 

syllabi 

requested 

Number of 

syllabi 

analyzed 

Total 

number of 

classes 

Number of 

syllabi 

requested 

Number of 

syllabi 

analyzed 

MechE 130 89 34 128 83 28 

EECS 161 48 26 152 46 22 

NSE 41 9 6 38 6 5 
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MAS 22 16 17 20 14 11 

Architecture 88 52 17 84 61 26 

DUSP 64 34 19 65 33 29 

Total 506 248 119 487 243 121 

 

3.2 Analysis 

We analyzed all course descriptions and syllabi to identify the inclusion of ethics, equity, and/or 

justice content within design and critique courses. Each syllabus was analyzed comparatively by two 

coders using an iteratively developed rubric, similar to the rubric development process in Das (2021). 

A draft of the rubric was created after the research team conducted a preliminary review of the dataset 

across the departments to gain an initial understanding of syllabi organization and content styles. The 

rubric was then iterated upon four times and piloted on a subset of the syllabus dataset including nine 

syllabi gathered from across four of the departments (NSE, MechE MAS, and EECS). The rubric is 

composed of four sections: (1) Introduction, (2) Course Description from Course Catalog, (3) 

Syllabus, and (4) Summary. 

The Introduction section of the rubric gathers background information (i.e., year course was taught, 

name of the course, department, etc.). This section also asks about whether the course syllabus 

features any statements related to justice, ethics, and equity, including land acknowledgments 

(statements recognizing Indigenous Peoples as traditional stewards of the land) and statements 

concerning mental health and disability accommodations. The Course Description section uses a 

Python script to read the course description and record the presence of 26 terms that relate to design 

justice themes (e.g., ñstakeholder,ò ñparticipatory,ò ñinclusive,ò ñintersectionalityò), gathered from 

our rubric development process. The Syllabus sectionôs 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 principles are explicitly/implicitly 

and meaningfully/superficially incorporated into the course. We define ñimplicitlyò as a consideration 

of design justice questions but without labeling them as such and without any inclusion of theoretical 

and methodological resources. ñExplicitlyò is defined as direct mentions and considerations of design 

justice questions with exposure to theoretical and methodological resources. ñMeaningfullyò and 

ñsuperficiallyò were defined across a range from ñno mention in the syllabusò to ña cursory one-liner 

in the syllabusò (superficially) to the course being ñfocused on design justiceò (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. 

Researchers discussed the results and resolved any disagreements, similar to Daly et al.ôs (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 recorded the 

implicit/explicit engagement levels, meaningful/superficial attention 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 4.2. These 
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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 presentation from the first class of the 

semester to pages on websites. We obtained syllabi through consulting the archives of MITôs course 

management system and working with professors and departmental instructors and administrators. All 

syllabi that we gathered from the course management system were publicly available to the MIT 

community. We also reached out directly to professors and departmental administratorsðan 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 limitations with regards to 

gathering syllabi including the variety of dispersed locations 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 incorrect listing 

of instructors on the course website.  

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 instructors 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.  

 

4 Results  

A total of 505 classes were logged for Fall 2020 across these six departments. Among these, 368 

classes were identified as classes of interest (design or other ethics/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 justice 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 (Gallimore, 2020; ABET, 2021), particularly in light of the recent social 

movements. Coursework continues to be more focused on the design process and design outcomes 

without detailed consideration of societal implications of technology development and use. Principles 

of equity, justice, and engagement with user populations and impacted communities, when present, 

are more commonly treated as one-off engagements instead of sustained community partnerships, 

which have been shown to be more impactful (Ostrowski et al., 2021). We observe some positive 

movement with classes discussing topics such as sustainability in engineering contexts. However, 

discussions around ethics, justice, and equity are more commonly found in classes that do not have 

design components or are outside of engineering disciplines, such as in DUSP or MAS. Though the 

COVID-19 pandemic and the social movements of 2020 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 representative trend, we now have a critical first data point.  
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Figure 1. Design justice questions and their inclusion in course syllabi as compared across departments. The 

ñOtherò category in our analysis includes topics such as sustainability that were design-justice adjacent but did 

not fit one of the value categories 

 

4.1 Design Justice in Department Courses 

We compared the courses from across departments to understand how various fields were integrating 

design justice into their courses. We compared the percentage of classes across each department that 

had any design justice component. As shown in Figure 1, DUSP courses had the highest prevalence of 

design justice (97.7%). NSE had the next highest (66.7%) followed by Architecture (54.3%), MAS 

(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 architecture, DUSP, and MAS 

consistently included design justice considerations at a much higher rate than courses in engineering 

departments. Courses in engineering departments performed especially poorly along the Equity, Sites, 

Values, and Discourse dimensionsïcategories that are no less applicable in an engineering context 

than a non-engineering one. Figure 3 provides an additional way to view the data along the 

dimensions of explicit/implicit and meaningful/superficial engagement with design justice. DUSP had 

the highest prevalence of design justice with most of the courses exhibiting some emphasis on design 

justice in the curriculum. MechE and EECS had the least presence of design justice and, 

correspondingly, on average, the principles were not included 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. 
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Figure 2. Design justice values compared across courses for engineering and non-engineering departments 

 

 

 

Figure 3. Depiction of the implicit/explicit and meaningful/superficial focus given to design justice questions 

across departments. The marker is located at the average of both the x- and y-axes for each department. The size 

of the marker is proportional to the middle two quartiles of the level of explicitness of design justice content 

within a department to better depict the majority of the courses and exclude outliers 

 

4.2 Exemplar Courses 

Despite the relatively low emphasis on design justice considerations across departments, our syllabus 

analysis did reveal a number of exemplary pedagogical practices. In this section, we explicitly 

identify these courses as exemplars that other 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 incorporated into courses was having a focus and main objective of the course 

related to social justice and incorporating certain technologies into the course to facilitate discussions 
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on how technologies can enable or prevent justice and perpetuate 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 exemplar was a course 

that not only emphasized technical rigor, but also centered design justice considerations in the context 

of tool use and development. For 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 position 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 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 Engineering 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 specific 

environmental issue. The hands-on engagements that centered around different aspects of the 

problemðfrom health (of humans and ecosystems) to economic securityðpromoted 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 

courseôs evaluation process of whether or not the device would actually be useful to the community 

partners. Though these community 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 nuances of building technologies and/or designing urban infrastructures. 

Just as the courses described above represent exemplary pedagogical practices, several other courses 

as depicted in syllabi we analyzed, offer opportunities for learning lessons from prior pedagogical 

practices that have incorporated ethics, equity, and justice content in design pedagogy with limited 

success. In 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 overlooked. 

Instead, they ought to be integrated into every level of scale and technology design (Turner et al., 

2021).  

(2) A second set of courses that are a study in how not to teach ethics, equity, and justice are those 

that seek to develop products or systems for underserved communities, without directly engaging with 

those communities during any stage of the design process. Such approaches to design, if normalized 



 

132 
 

as part of the pedagogical practice at leading institutions of higher learning, are likely to be amplified 

and perpetuated in design practice when students enter the workforce.  

(3) A third set of courses 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 departments. 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 examples 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 exemplars in particular, to identify ways they might incorporate 

design justice into their own curricula. Instructors may also wish to consider and reflect on other 

novel pedagogical approaches that are not yet in practice. 

 

4.3 Changes in Courses between Fall 2019 and Fall 2020 

The majority of courses (80%) that were taught in both Fall 2019 and Fall 2020 had no change in their 

inclusion of design justice questions. Figure 4 reveals 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. 

 

 

Figure 4. Changes in courses between Fall 2019 and Fall 2020 across the design justice areas. Bars above the 

zero axis indicate that courses in that department incorporated more design justice areas into their courses. Bars 

below the zero axis indicate that courses removed areas of design justice from the courses 
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In addition to comparing the design justice areas between semesters, we also explored how design 

justice emphasis changed between semesters by analyzing how implicitly or explicitly the design 

justice questions and principles were addressed in the course and how meaningfully or superficially 

they were incorporated. Figure 5 depicts the results from 10 courses across the departments that 

exhibited change along these dimensions. There are three general trends that were identified from this 

subset of courses: (1) courses trend from being low implicit or no mention at all to 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 the course to include design justice or added design justice case studies to complement 

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 ñdesign 

justice focusedò 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. 

 

 

Figure 5. Plot demonstrating how classes shifted emphasis in design justice focus between Fall 2019 and Fall 

2020. The open point represents Fall 2019 and the solid point following the arrow represents Fall 2020. The 

points are color coded by department. No changes were observed in Mechanical Engineering courses 

 

The changes we saw were incorporated into courses in a variety of ways. 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 

ñexemplar.ò It is noteworthy that such a transformation occurred after a change of instructor. This 
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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 justiceða skill 

that can be learned by engineering and non-engineering course instructorsðto redesign curricula. 

Ultimately, however, even the majority of courses with positive improvement could be considerably 

further improved through more explicit, meaningful, and intentional inclusion of design justice 

considerations. 

 

5 Discussion  

Overall, the results of this study indicate that design justice themes are, for the most part, not being 

prioritized in engineering courses. There is much room for improvement, especially in the engineering 

courses that are more focused on technology development for its own sake rather than viewing 

technology as a means to an end. Some courses are 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 smallest number of students, 

so the overall reach of this content is very limited. At technology-focused institutions, these smaller 

departments often have less respect, power, and funding than engineering departments, which further 

limits their sphere of influence. Some possibilities for pedagogical reform may 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 

students 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 between 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 consistently 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 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 
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with these principles (Cech, 2013). Justice, ethics, and equity cannot be afterthoughts and must be 

foregrounded in design pedagogy.  

We firmly believe that ethics, equity, and justice are fundamental components of engineering and 

must be incorporated into engineering education. Our results demonstrate that traditional engineering 

departments engaged much less with design justice 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) emphasizing the need for implementing a Diversity, Equity, and Inclusion 

requirement in engineering curricula (ABET, 2021). Some universities 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 ñequity-centered 

engineeringò (Gallimore, 2021). At MIT, the Social and Ethical Responsibilities of Computing 

(SERC), has been working towards centering on social, ethical, and policy considerations in 

computing pedagogy (MIT SERC 2021). In addition to these advancements, there are opportunities 

and methods for including design justice in future course offeringsðas weôve seen in our syllabus 

analysisðsuch 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 students 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 weôve 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. 

 

5.1 Future Work  

As previously acknowledged, syllabi are not a complete representation of the full pedagogical and 

learning experience imparted and experienced in a course. Future work will explore 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 a survey that will allow 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 

instructors of the courses to understand why and when they incorporate design justice in pedagogy, in 

addition to any institutional incentives or barriers they encounter while doing so. We expect that this 

future research will be able to offer recommendations not only for curricular reform but also 

educational policy reform at institutions of higher learning as well as through accreditation 

organizations such as ABET.  

In our ongoing work, we have already begun collecting syllabi from other departments and additional 

years to extend this investigation further. We also plan to conduct a comprehensive analysis of 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 
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specifically (i.e., case studies, section of project, etc.). We have also developed a Python script that 

reads each syllabus and identifies the design justice related keywords within it. We plan to elaborate 

on this analysis in a future publication to show which terms appear in syllabi across various 

departments.  

 

6 Conclusion 

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 considerations. 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 engineering design curricula could be reformed to meaningfully engage with equity, 

justice, and ethics considerations.  
 

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 Engineering and Nuclear 

Engineering courses both had a higher presence of Beneficiaries and Scope, but Nuclear Engineering 

also had a clearer focus on Histories, likely because of the presence of many critique courses that 

addressed past disasters. Architecture courses had a higher presence of Beneficiaries, Values, and 

Sites. We also found that some courses included topics adjacent to design justice that did not fit one of 

the explicit design justice paradigms. For instance, sustainability and climate change were focus areas 

for several engineering design courses.  
 

RQ3: What impact, if any, have the BLM-led social movements of 2020 had on design pedagogy?  

We found that the majority of courses had no significant changes between 2019 and 2020. It is 

possible that this is too short of a time frame to see any significant changes, so we plan to continue 

this research in the future to determine how long it takes to see meaningful changes in the curriculum. 
 

Our paper highlights the notable absence of design justice principles in design and design critique 

courses, especially in engineering departments, at a technology institution, despite the BLM-led social 

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 developers and designers to responsibly engage with the social contexts and 

implications of their work, which is emphasized through incorporation of design justice principles in 

design educationðboth 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 justice 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 education 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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Abstract. Designers are elusive figures to define. As human beings, they have the ability to conceive and/or 

create something for a purpose, yet they are characterized by empathy, system-level thinking, and a 

transformative influence on the world: features that enable them to tackle significant challenges. To achieve 

high goals, though, they need to navigate across disciplinary boundaries, building on diverse disciplines theories 

and approaches to complement their education and to frame and address complex problems adequately. Among 

them, machine learning (ML) knowledge and ethical perspectives could be essential materials to face 

contemporary issues and design for the flourishing of humans and their ecosystems. In the following, a didactic 

experiment (i) to provide design students the tools to understand and exploit ML by translating technical 

knowledge in a designerly way, and (ii) to frame their education in a value-sensitive design perspective is 

described and discussed. 

 

Keywords: expanding design education, introductory ML design game, machine learning (for) design, research-

through-design, responsible design 

 

 

1 Introduction   

1.1 Everybody can design, but what defines a designer? 

Prehistory is marked by the rise of technology: the first rudimental tools that men created. Indeed, if 

we consider design in its broadest sense, as the act of conceiving and/or creating something for a 

purpose, this capability ï diffuse design in the words of Ezio Manzini (Manzini & Coad, 2015) ï has 

characterized humankind since the beginning of time. Then, it might not surprise if different 

disciplines are now adopting and appropriating some design skills because, in the end, they belong to 

all of us. 

In narrowing down todayôs role of designers, it quickly becomes clear how much it is or should be 

expanding across boundaries but maintaining an undoubted specificity. 

Throughout history, designers have been identified as the professionals who care about the beauty and 

the appearance of things, or as those focusing on their function, yet, going to the very roots of the 

practice of design in its multiple forms and embedding the viewpoint of activity theory (Kaptelinin & 

Nardi, 2009), we may say that what primarily define designers is their capability to mediate between 

humans and the world. Based on what they have available, they can envision things that have never 

existed before and create something valuable both in a concrete and an abstract sense, spacing 

between different scopes, which makes design a pervasive activity (Louridas, 1999). Especially from 

this point, the current figure of the designer needs to be reshaped in the eyes of the lay public as well 

as within the disciplinary educational institutions. 

Designersô main value lies in their ability to transform the world according to a predefined purpose 

(may this be for pleasure, better usability, or survival). Hence, they can easily adapt to different 

contexts, and it gives them the possibility to play critical roles in todayôs pressing issues: either to 
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solve problems, no matter how ill-defined they are, but especially to frame them correctly thanks to 

their systemic reasoning. 

In fact, more than ever before, we are becoming aware of the challenges we are facing, and that may 

increase in the near future. Friedman (2019) even listed a set of specific challenges for design that 

span throughout all levels of human condition: from performative issues to systemic, contextual, and 

even global challenges (M. W. Meyer & Norman, 2020). What emerges from the authorsô perspective 

is the necessity for designers to work across disciplinary boundaries to actually pervade and 

contribute to any sort of issue we are called to respond to, not only by being incrementally involved in 

multidisciplinary teams but also by taking on organizational and managerial positions. 

 

1.2 Building the cross-boundaries mediator 

In this historical moment, we are assisting to the revival of artificial intelligence (AI) and ï more 

prominently ï machine learning (ML) systems, which are wildly spreading into everyday life, due to 

the favorable technological development (i.e., improved computational power and availability of large 

amounts of data) and are expected to have significant impacts on human life as electricity did (Kelly, 

2016). Dating back to the 1950s, AI is the field concerned with building machines ñthat can compute 

how to act effectively and safely in a wide variety of novel situationsò (Russell & Norvig, 2020), and 

ML ï its most popular subfield ï is getting a lot of attention as it allows to create systems that address 

uncertain issues (i.e., for which writing step-by-step instructions would require a great effort or may 

not be possible) only by giving them a specific goal and huge amounts of examples to learn from, to 

finally let them derive how to reach the goal and improve their performance over time. In practical 

terms, it means that, among several other ML applications, it is now possible to easily automate 

burdensome and repetitive human tasks, personalize contents according to peopleôs preferences and 

behaviors, interact with devices by using natural language, and infer information from massive 

quantities of data. The main issue, though, is that the technology-driven diffusion of ML systems 

often is not in line with peopleôs needs, desires, or expectations. It does not comprehend the 

ñwholeness of humanityò (Antonelli, 2018), while design has the potential to address this matter in a 

human-centered way. Therefore, this field may be a perfect playground for designers, who have the 

skills to anticipate the impacts of a technology and to provide it new meanings, but, unfortunately, 

they seem unprepared to effectively leverage ML capabilities and foresee opportunities as they lack 

understanding, experience, tools, and methodologies to deal with it (Dove et al., 2017; Yang et al., 

2020). 

Thus, besides a revised definition of their role (as suggested in 1.1), designers need to be given 

suitable means to amplify their field of action and have a role in this current hot topic. Specifically, as 

Meyer and Norman (2020) report, design education should ñdraw more extensively on knowledge 

developed in other established fields, translating that understanding into a form useful to practicing 

designers.ò 

To support the argumentation, the paper proposes an example of expanding the borders of design 

across disciplines by merging ML knowledge, ethical perspective, and traditional design skills (like 

empathy, system-level thinking, and a transformative influence on the world) to enable designers to 

impact human life. Indeed, ML could benefit people and their ecosystems in a revolutionary way as it 

unveils whole new possibilities to interact with the world, and, according to their defining traits 

presented above, designers have the potential to steer the spreading of this technology towards 

beneficial outcomes and trigger unexpected innovation if given the possibility.  

The experimentation stems from a research project aimed at providing future designers the essential 

skills to navigate across disciplines in order to design responsible and meaningful systems integrating 

ML. Specifically, it is developing a methodological contribution for MSc design education and 
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designerly tools to enhance cross-fertilization and interdisciplinary communication between design 

and ML, with a research-through-design approach. 

Two are the main features of the proposed activity: (i) providing design students the tools to 

understand and exploit ML by translating technical knowledge in a designerly way, and (ii) framing 

their education in a value-sensitive design perspective (van den Hoven, 2013). 

As a matter of fact, it is in the light of awareness and responsibility ï about technological potential 

and limitations as well as about ethical and sociological implications ï that designers can play their 

mediating role to address the criticalities of human life. 

 

2 An experimental method for expanding the frontiers of design  

2.2 Setting up the didactic activity: aim, target, and modalities 

Even though some attempts to bring AI/ML (Futurice, 2017; Piet, 2019) and ethics (Artefact, 2017; 

Gispen, 2017) to designers are emerging, to the best of the authorôs knowledge, this represents a first 

empirical experiment on merging together the three disciplinary perspectives on ML systems 

development. Specifically, the study aims to assess the response of designers to this multifaceted 

topic. Configured as an introductory didactic activity to present the core ingredients of ML as design 

material, it targets doctoral students with some or no prior knowledge of the subject matter. They are 

relevant testers because they are close to the intended audience for the research, and they have more 

analytical skills, didactic experience, and consciousness about design research theories and methods 

to build an insightful discussion and peer-evaluation of the activity. Further iterations and applications 

may also involve MSc design and engineering or computer science students. 

The expected impact of this activity is to build awareness on the ML topic and pave the way towards a 

value-sensitive approach to designing ML-infused solutions. For this, the set learning outcomes 

include that: (i) in terms of knowledge, students should gain familiarity with the basic capabilities, 

limitations, and implications of ML systems, as well as the main values and possibilities for a 

responsible and trustworthy design. (ii) In relation to skills, they should learn to pursue a value-driven 

design process, activate fruitful discussions in team collaboration, and identify ML as a design 

material. While (iii) concerning values, they should understand how to be responsible designers in the 

contemporary situation and that ML can be an asset to face big challenges. 

 

 
Figure 1. In-presence playtest. Photo by the author 
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Due to its introductory character, the activity has been imagined as a brief (one to two hours) and 

engaging experience, possibly anticipating a more extensive didactic path. Thus, a cooperative board 

game format seemed the perfect fit to gently introduce the main topics, give procedural information, 

and stimulate reflection and discussion in a practical context. In fact, games create a parallel world, a 

safe place in between the physical and the game dimension itself (Huizinga, 1938), where players can 

freely express themselves, make mistakes, and learn with no concrete repercussions. The cooperative 

nature of the game, in this case, is essential as collaboration amplifies the team dimension that 

characterizes a design environment (to which the participants are used) and naturally encourages 

discussion and exchange. 

As the pandemic period requires, the activity has been developed and tested with both physical and 

digital supports in two different sessions, each with two Ph.D. design students, for a total of four 

participants. For the qualitative purposes of the research, the limited number of testers left enough 

space for the involved people to actively interact with the game and freely express their reflections, 

and it allowed for an in-depth look at the experience of the activity itself, but of course, this presents 

some limitations in terms of representativeness. 

The first in-presence session (Fig. 1) involved two students with no prior knowledge of the subject 

matter. For the second one, instead, the selected Ph.D. studentsô research areas are somehow related to 

ML as a technology. For this session, the Miro platform (Fig. 2) has been chosen as digital support 

because it effectively enables most of the actions that they would have performed in live 

collaboration. 

 

 
Figure 2. Overview of the digital board supporting the online activity. Created by the author 

 

2.3 An introductory board game: theory, tools, and procedures to structure the activity 

As the focus of the activity is to push designers to the edge of disciplinary boundaries to embrace and 

mediate between designerly approach, ML contents, and ethical perspectives, the design process 

represents the perfect space for the combination of the three ingredients. In a preliminary analysis 

(Fig. 3), the author explored how the three disciplines could contribute to each of the five stages of the 
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design thinking process, as illustrated by (Dam & Siang, 2021). The ideation phase resulted in being 

the one in which the mergence is most functional and significant. Therefore, the whole game 

explicitly refers to it. 

 

 
Figure 3. Autorôs analysis of disciplinary contributions at each stage of the design thinking process 

 

SET-UP. The initial situation presents the players with their role as designers at the service of a 

fictional World Association for Challenging and Strategic Issues (WACSI). They are called to join 

and lead a team with the aim of designing a system to accomplish a given mission. Before starting, an 

impact goal and a key outcome ï as intended in (Design Kit, n.d.)  ï with available datasets are 

provided to synthesize the mission. The impact goals ï long-term, significant impacts one is working 

to achieve ï are identified as the Sustainable Development Goals (SDGs) of the United Nations (UN - 

Open Working Group, 2015) and declined with one of their more precise targets. While the key 

outcomes ï near-term and observable change/behavior one wants to promote ï are defined to narrow 

down the problem, including information about the context and target audience.  

Hence, this opening contains the basic assumptions upon which the research is built and intended for 

the participants to internalize: in the near future, designers striving for human flourishing should face 

increasingly dynamic and complex challenges (Weil & Mayfield, 2020). To this end, human needs 

will extend to a societal and eco-systemic dimension, and solutions will involve cutting-edge 

technology ï an approach that influential academics called DesignX (Friedman et al., 2019). 

After the initial setting, players are introduced to the core of their mission: to design a system, 

enhanced by ML, to beneficially impact the current situation according to their given purpose. The 

overall game structure aims at outlining the main steps one should follow to responsibly design a ML 

system, and it develops in three main phases: the kick-off, the system design, and the weighing up. 
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KICK -OFF. Preliminarily to any concept construction, few elements should be considered and 

openly defined to drive the ideation process. According to a value-sensitive design approach (van den 

Hoven, 2013), shared values should be expressed from the very early stages to be embedded in the 

technology and affect affordances and constraints of the system. Additionally, thinking explicitly 

about the values is morally significant and may lead to meaningful results. Hence, the players are 

invited to select one (i) value that will drive their system. Of course, it should not be the only one 

embedded but the most prominent one. The values proposed (Fig. 4) are an adaptation of the ethical 

principles behind the European Guidelines for Trustworthy AI (High-Level Expert Group on 

Artificial Intelligence, 2019b), which are highly comprehensive and founded on fundamental human 

rights. They are: respect for human autonomy, attention to fairness, increase of intelligibility, 

prevention of harm, and promotion of flourishing. The latter has been added in antithesis to the 

previous one to suggest a more proactive attitude towards life, well-being, growth, progress, and 

prosperity; while intelligibility replaces explicability because it implies that clarity can be achieved 

either by explanation or intuitively, expanding its sense to include UX issues as well. 

 

 
Figure 4. Value cards provided in the game. Created by the author 

 

Other essential components relate to the material at hand: ML systems. Their most common 

capabilities are introduced and synthesized in the form of (ii) ML agents. They represent the keystone 

of knowledge transfer. As in (M. Meyer, 2010) argumentation, they are conceived to be functional to 

move pieces of knowledge from one field to another by transforming it into a more familiar language 

for the recipients. Indeed, the characterization of ML systems as agents is actually borrowed by 

(Russell & Norvig, 2020), a worldwide reference textbook for AI ï and, while maintaining technical 

correctness and clarity on their computer nature, an emphasis on the parallelism with human agents 

helps designers understand how to approach them as part of larger systems. Each ML agent embodies 

a ML task ï or problem in the words of (Russell & Norvig, 2020) ï and summarizes the question: 

what is the basic functioning principle of the system, generally speaking? The key tasks presented are 

classification, regression, sequence prediction, generation, clustering, and action selection ï the 

explanation of which is beyond the scope of this argumentation. A previous workshop, organized in 

collaboration with a MSc student in Digital and Interaction Design at Politecnico di Milano (Arnone, 

2020), proved this level of information, in-between the technical construction and the contextual 

capabilities of ML systems, to be essential and sufficient to enable design students to exploit this 

technology in concept elaborations effectively. The same experience revealed that a formal yet 

simplified definition of a ML system (summarizing its internal process in terms of input, procedure, 

and output) combined with case studies provide enough information for operational comprehension. 

Therefore, the ML agents sheets (Fig. 5) include a synthetic question expressing the core of the task, a 

brief definition, some systemôs contextual capabilities to exemplify current applications, and two case 

studies (a positive one that complies with SDGs-level challenges and a questionable one, threatening 

ethical principles). 
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Figure 5. Example of a ML agents sheet. Created by the author 

 

Finally, the players are supplied with (iii) five general intents to beneficially impact human life (Fig. 

6) ï automate, augment, empower, inspire, and specialize ï among which they should choose the one 

responding to the question: ñhow would your system improve the current situation?ò  

Then, value, ML agent, and intent constitute the proposed founding material to orientate the design 

process and outline a meaningful and responsible solution. Their initial definition is aimed at 

stimulating reflections and at keeping the team aligned on the same principles. It does not need to be 

permanent; instead, variations are part of an iterative process. 

 

 
Figure 6. Intent cards provided in the game. Created by the author 

 

A limitation of this approach is that players are forced to include one ML agent in their design for the 

didactic purpose of understanding them through a direct application in a concrete example. This does 

not imply that ML is the preferable solution to any problem and neither that a single ML agent is 

enough to tackle complex tasks nor cannot work in cooperation with others. Unfortunately, as the 

activity pursues immediacy, a short time frame, and a playful format, these issues are just briefly 

mentioned, and a proper explanation does not find place in the game. Nevertheless, it should 

complement the educational path. 

SYSTEM DESIGN. Once the kick-off phase is concluded, and the consequent foundational elements 

have been selected ï always with the mission goals in mind ï the backbone and the boundaries of the 

system to design should be clear. Indeed, the discussion for the selection should embed the 

envisioning of possibilities. That being the case, the elaboration of a more defined concept should be 

relatively immediate by following the established guidelines. Thus, for this activity, a time limit of 

five minutes is provided to avoid redundant overthinking, and the completion of a system sheet is 
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required. The latter should support the participants in formalizing the systemôs structure by pointing 

out its characterizing features. Specifically, it follows the configuration of the case studies attached to 

all the ML agents (as well as their definitions) and asks designers to describe: (i) the system task ï 

how the ML agent should help to reach the goal; (ii) input ï what information should the agent be 

supplied with to perform the task; (iii) output ï what the agent is expected to give in return; (iv) 

stakeholders ï who need to be involved in the team to set the right premises. Actually, (i), (ii), and 

(iii) are the basic constituents of any artificial intelligence (AI) system as outlined in the definition of 

the European Commission (High-Level Expert Group on Artificial Intelligence, 2019a). Instead, the 

identification and potential involvement of stakeholders in the design process is not only a widely 

suggested ethical practice but also a consolidated approach in the field of design (participatory design, 

or co-design). Ultimately, to anticipate possible difficulties in the systematization of the idea, 

examples have been prepared for the players to compare or adopt once the time is up. After the 

comparison, final adjustments can be made before moving on to the closing phase. 

WEIGHING UP.  Among morals, meaningfulness, and usability, the last part of the game 

encapsulates the human-centered soul of the approach. It introduces the criticalities that may emerge 

in a ML system, presenting them ï in the form of cards ï as the concerns raised by the fictional 

WACSI wise council. Each card (Fig. 7) includes a possible limitation of the system and the related 

implications, values, and options that designers have to avoid such hindrance. The concern cards are 

distinguished by disciplinary competence: some issues may be primarily identified or handled by ML 

developers, some by designers, and others by ethicists or social scientists. Still, they share the 

common goal of benefiting human beings and the world around them. 

Concerns rooted in ethical discussions, which constitute the largest part of the deck, are the result of 

the analysis of the existing ethics guidelines comprehensively collected in the AI Ethics Guidelines 

Global Inventory (Algorithmic Watch, 2020). Currently, it includes 173 guidelines, among which 

only those in English, belonging to certain sectors, addressing AI in general (not specific applications 

such as AI in healthcare), and listing some principles AI systems should embody were considered to 

derive relevant values, implications, limitations, and options for the cards. As a result, 51 guidelines 

were selected: 7 from academia, 20 from civil society, one from intergovernmental organizations, one 

from international organizations, and 22 from the private sector. Further references include some 

consistent tools (Artefact, 2017; Calderon et al., 2019; Futurice, n.d.; IDEO, 2019) and the research 

work developed in the project Meet-AI for UX concerns (Spallazzo et al., 2021). 

Moreover, time is another significant variable for facing concerns. Whether they occur during the 

design, development, or use of a ML system, a responsible approach requires that they be addressed 

early in the process, both to prevent risks and to avoid late and costly interventions. To highlight this 

point, the concern cards have been divided into three categories according to when the cause of 

concern is originated. In the before use deck, the cause of concern precedes the model creation (then 

the implications are patent also before the development of the system is complete); in the in-use deck, 

the cause of concern affects the use of the system; and in the long run deck, it develops over time. 

With the purpose of stimulating discussions about possible unforeseen outcomes and reflections on 

responsible practices to be accounted for already in the ideation phase, the ultimate part of the game 

makes the players address up to nine different concern cards (three from each time category) 

randomly drawn. They can be read and solved in any order to underline that there is no preferable 

procedure as long as all kinds of issues are well pondered. 
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Figure 7. Example of a concern card. Created by the author. 

 

As anticipated, all the cards present the readers a possible action that they can handle to increase the 

beneficial impacts of their system or that they can disregard, exposing the system to be a potential 

threat. Of course, not all the concerns apply to the imagined system or are preferable to comply with. 

The focus here is on balancing the possible good or harm a system can cause, keeping into account the 

time factor (time will not be sufficient if all options are fulfilled, as tackling all concerns in a project 

would be an endless work), and acting accordingly. To do so, players can add some notes to their 

system sheet (if necessary), replace any of the value, ML agent, or intent cards (optional, this action 

that would cost time), and advance a marker on the benefits and time indicators if they decide to 

address the concern, just move the benefits marker if they considered the issue before reading the 

card, or advance on the threat indicator when they decide to ignore it. Instructions about the 

movements of the markers are provided on the cards and vary according to their potential impact. 

MISSION END. The end of the game is declared when players solve all the concern cards or reach 

the final space of any indicator (getting to use all the time at their disposal or attaining the maximum 

amount of benefits or threats). The level of positive or harmful impact achieved by the designed 

system determines the completion of the mission. Four different epilogues are available (Fig. 8), 

though they all converge in presenting the fundamental requirements for responsible innovation that 

students can guard for future reference: being (ethically) acceptable, sustainable, and socially 

desirable (von Schomberg, 2013). Ultimately, the game results in leaving open space for further 

considerations. In fact, whether a system satisfies these requisites ï regardless of the outcome of the 

mission ï is up to the players to understand and hopefully discuss. 
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Figure 8. Available mission end cards. Created by the author 

 

 

3 From theory to practice: discussing the development of the game and the playtests 

In the following, the results emerging from the observation of the playtests and the subsequent semi-

structured interviews on the translation of ML and ethics concepts for designers are discussed. The 

aim is to highlight the issues that affect the didactic purpose of the activity, while insights about the 

game materials and mechanics are beyond the scope of this argumentation. 

 

3.1 Limitations: Where the translation needs refinement 

Since it was a first tentative experimentation of merging three disciplinary perspectives to pursue a 

common goal, the playtests have been a very informative occasion to spot some weaknesses in the 

instructional framework. 

Above all, conveying MLôs value as a design material that can help facing important societal issues 

seemed feeble. In the first session, the impact goal was not made explicit as one of the SDGs, 

although clarifying that in the second playtest did not change the participantsô perception. In fact, 

being Ph.D. students in the Department of Design at Politecnico di Milano, they are quite used to deal 

with such high goals. Certainly, ML agents were embraced in both sessions as manageable tools to 

address the mission, regardless of the scale of the problem. 

Their communication, however, highlighted some difficulties. Even if the combination of a definition 

and case studies effectively delivered the core principles and the level was appropriate, the first 

impact with a technical presentation was a little disorienting for the players with no prior knowledge. 

At the same time, a more visual language could enhance assimilation and memory. The most 

problematic point, though, is the length of ML agents sheets. Although containing just essential 

information, they require some effort from players. If introduced in the kick-off phase, they break the 

rhythm of the activity, but also making them anticipate the game (as tested in the second version), it 

remains a burdensome task. A collective introduction, aided by visual supports, may facilitate the 

knowledge transfer, leaving ML agents sheets the role of reminders. 

Similarly, the tone of the concern cards needs simplification for greater accessibility by master 

students (the ultimate target of the activity). Additionally, marking the differentiation of the cardsô 

contents (limitations, implications values, options) may increase the intelligibility of the translation. 

Overall, the game experience appeared balanced with respect to the capabilities of the testers and the 

provided knowledge. Some uncertainty emerged only in the system design phase of the second 

playtest when prior (non-expert) familiarity with the topic brought up issues that went beyond the 
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intended task. This was a further indicator that expert assistance is essential at this stage of the game 

development. Of course, some minor graphic adjustments might smooth out the fruition. Indeed, the 

order of the contents on the board has been modified for the second digital playtest to limit external 

intervention, increase the focus on each phase of the game, and the visibility of important definitions 

that the participants should acquire for a precise understanding of the elements in play. Though some 

confirmations by the facilitator were always sought, and the two-pages rules booklet predominantly 

guided the players, who quite ignored the additional contents on the board. 

 

3.2 Challenges: among unexpected outcomes and space for improvement 

The premises of this experimentation reveal its ambitious nature. Merging ML, ethics, and design in a 

single brief activity to start expanding the borders of current design education necessarily required 

simplification. After having identified the key information to be transferred within the didactic 

introduction, the risk of trivializing or omitting some fundamental pieces of knowledge was high 

because this translation represents quite an unexplored territory. 

The problem is exemplified by the fact that ML systems are rarely linear and often necessitate 

integrating multiple systems to achieve seemingly simple goals. More ML agents may be combined to 

get to a solution, yet the players are asked to select only one and describe the system accordingly. 

Although this helps limit the time and complexity of the activity by encouraging novices to focus on 

one agent at a time, it lacks completeness. In fact, some confusion arose during the second session 

system design phase. In this case, the participants aimed at building a recommendation system to 

orient potential criminals towards positive activities instead of perpetrating in noxious environments. 

To do so, they identified the Sequence Prediction (SP) Agent ï able to predict values or outcomes in a 

sequence based on historical information (data in which it is possible to detect patterns of activities or 

behaviors over time) ï as means to reach their goal. As visible in Fig. 9, they wanted to feed the 

system with twofold sequential data: sentiment analysis of posts on social media (like Facebook) and 

videos and ads of constructive activities capable of capturing users in a virtuous circle. Though, to 

produce both kinds of information, other ML agents are necessary: specifically, a classification system 

able to determine whether hate or violence emerge from written posts (to detect which people to target 

with positive contents), and another one to identify contents that instill positive addiction towards 

constructive subjects (to decide which suggestions the SP Agent might propose). At this point, the 

recognized overlapping of sequence prediction and classification tasks induced a short circuit and 

required the facilitatorôs intervention. Yet, to understand the basic principles of ML, is it necessary for 

the ideated systems to be totally correct, or are some mistakes allowed in favor of immediacy?  

The example highlights how the gradual expansion of the frontiers of design has to be reasoned 

thoughtfully: the completion of the system design sheet leverages consolidated design skills, but the 

modalities of knowledge transfer may challenge the process. 

 

 
Figure 9. System design sheet developed in the second playtest 

 

Another central issue is enabling the participants to elaborate on a system concept by integrating the 

multidisciplinary perspectives acquired. It affects both the framing of the ML problem for the set-up 
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and the system design phase. In the set-up, defining the key outcomes that players need to reach with 

their systems means finding a balance between specificity and freedom. In the first case, the key 

outcome should be very detailed and imply only one ML solution; in the latter, it would be broader, 

leaving space for several possibilities (maybe not straightforward or not involving ML). Another 

concern that can be raised is that forcing a ML-infused solution could suggest a technology-driven 

approach. For the system design phase, the focus is on the guidelines for an actionable system design 

sheet: they need to be easy to understand and follow, and, ultimately, they should empower players to 

depict a system in both a sufficient but not too detailed way. 

 

  
Figure 10. Key outcome and impact goal cards on the board. Created by the author 

 

Since the activity entails the total inexperience of the students in designing with ML, it was 

challenging to understand which level of guidance they might need with the few tools provided. In the 

end, to measure the capabilities of the testers, the key outcome cards (Fig. 10) contained only quite 

general briefs and suggested datasets (as possible inputs for the system to design), while sample 

sheets were prepared and included in the game as a backup plan. The system design sheets, instead, 

were supported by the structure of ML agents ones. Surprisingly, during both experiences, the 

participants had no trouble in quickly delivering a system idea. The suggested datasets in the settings 

and the examples after the system design activity were not even necessary (in fact, the latter were not 

included in the second playtest, which caused no problem). Instead, the case studies from the ML 

agents sheets were important references to comprehend the requirements properly. However, what 

needs to be clarified is whether the systemic vision of Ph.D. students may have affected these results 

or if it also applies to master-level students. 

Eventually, the playtests revealed some challenges also in the weighing-up phase. Although they had 

the chance to modify the elements defined in the kick-off (value, ML agent, intent), this was never 

considered. On the contrary, deciding to address a concern was so easy to comply with, while 

ignoring it caused negative feelings. Especially in the first session, the cards were perceived as 

prescriptive and triggered reactions like: ñHow to say no?ò In this light, the purpose of the weighing-

up phase could be reinforced towards a more conscious and thorough questioning of the idea. Then, 

instead of having students acknowledge some possible concerns about ML systems, the concern cards 

could be reframed to go deeper into project matters, stimulating a more realistic iterative process. 
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Overall, the main challenges for enabling designers to work across disciplinary boundaries lie in the 

interstitial points between them, more precisely in knowledge transfer and operationalization. 

Especially in the introductory phases of a disciplinary expansion, trade-offs are required: it is 

necessary to understand what the most appropriate levels of completeness, depth, guidance, and active 

involvement with the contents for designers to deal with are. 

 

3.3 Strengths: Rudiments for a hybrid designer 

The enthusiast exclamation ñI learned something today!ò, pronounced by one of the participants at the 

end of the game, perfectly synthesizes the most valuable outcome of the didactic experience. Indeed, 

testers in both sessions proved and confirmed that they had finely assimilated the pieces of knowledge 

that the activity aimed to instill, despite the substantial cognitive load to which they have been 

exposed. Moreover, the connection of the three disciplinary perspectives was discerned, and the 

participants demonstrated no problems in handling them, proving their openness towards expanding 

the frontiers of design. 

In fact, despite the aforementioned issues with the dense contents of ML agents sheets, all the Ph.D. 

students involved in the experiment appeared at ease with the given materials and tasks, and these 

were effective in providing the basic equipment to face the system design. For instance, in this sense, 

the custom additions to the values and intents usually encountered in the literature received very 

positive feedback and have been incorporated into the systemôs foundations (Fig. 11). In fact, towards 

the key outcome of preventing deadly attacks orchestrated by organized crime in public spaces, both 

groups embarked on a proactive approach. The first one elected promotion of flourishing as driving 

value because it was considered more comprehensive than prevention of harm: they stated it could 

help people appropriate their territory and avoid crimes. The second chose inspire as system intent to 

encourage potential criminals to pursue constructive interests. 

Already during the kick-off phase, several ideas were brainstormed, triggered by an effective 

combination of ML agentsô capabilities, intents, and values, so that the design of the system flowed 

smoothly. Also, to define the trickier elements (i.e., input and stakeholders), the players needed no 

assistance and identified coherent and original ones. 

Additionally, from the very beginning, ethical concerns were explicitly discussed, as value-driven 

design may already be embedded in the mindset of designers. Indeed, this was the case for both the 

Ph.D. students with no prior knowledge of ML and for those who might have been exposed to this 

subject. The former imagined a detector of the conditions that nurture crime (given context and 

municipality investments), insisting on including different stakeholders for a plural perspective. The 

latter proposed a recommendation system to deter criminals from malicious activities and drive them 

towards more constructive ones. In this case, the players were perfectly aware of their systemôs 

insidious and manipulative nature, though they considered this solution more ethically acceptable 

compared to capillary and undifferentiated surveillance. Therefore, even without a formal ethics 

education, the Ph.D. students manifested a responsible approach to design. Being early-stage 

researchers, their sensitivity may be increased; still, these kinds of considerations are at the basis of 

human-centered reasoning. 
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Figure 11. Selected elements for the kick-off phase in the in-presence (above) and online (below) playtests 

 

Albeit the expected outcome of enabling students to activate fruitful discussion should be verified in 

less guided contexts, the cooperative game turned out to be a fertile ground for debate and represented 

a successful example for opening the frontiers of design and enriching its tools. Throughout the entire 

activity, in both the physical and digital environments, communication is effectively fostered by the 

materials and the assignments players are faced with. The selection of foundational elements, the 

outlining of the system, and the final weighing are all collaborative activities and entail making 

decisions together by exchanging personal perspectives. As intended, also the mission end cards 

successfully accomplished this result, encouraging a retrospective discussion on the designed system 

and the whole experience.  

 

4 Conclusions and future work  

As Manzini stated in (Frascara, 2020), designers can operate in a variety of fields, and they can 

contribute to conceive and realize varied artifacts. A reason for this may be that ñdesigners bring 

multiple talents to the solutions of complex issues, but first and foremost [é] empathyò (Friedman et 

al., 2014).  

Empathy allows designers to understand the needs of all the people involved in a project, which 

implies absorbing their perspective. This is why, if properly equipped, they can comfortably navigate 

among disciplines and build upon their knowledge and methods, as corroborated by the empirical 

experiment above depicted. If the translation of technical knowledge (the primary objective of the 

activity) can be a delicate practice as it requires finding the correct language to efficaciously engage 

and empower designers to comprehend and make use of the transferred contents, instilling a value-

sensitive perspective (secondary goal) appeared a far more natural outcome. 

Indeed, going back to Alain Findeliôs study on Ethics, Aesthetics, and Design (1994), he already 

stated that ethics is an expansion of the currently accepted design definition. He sustained that ñethical 

deliberation is not very different from any other decision-making process,ò suggesting that designers 

not only have the means and the capabilities to handle ethical questions, but they also inevitably act in 

the field of ethics when they design an artifact. In fact, like any human activity, design is not neutral: 
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choosing a technological mediation (in the broadest sense of creating instruments for people to 

interact with the world) is itself a matter of ethics, not of technology. Further assonances can be 

reported in that designersô criteria of choice do not arise from the truth (as in science), but from more 

qualitative evaluations of appropriateness, acceptability, correctness or desirability, and the now 

common practice of involving different stakeholders in the design process, that the author defines a 

ñmulticriteria approach,ò is already a moral action. What distinguishes a design decision from an 

ethical one is, in the words of Findeli (1994), a ñtotal moral engagement on the actorôs part,ò which, 

in line with the opening of this paragraph, can be reframed as the empathy representing a major 

strength of designers. To support once again the innate capability of designers to include ethical 

principles in their reasoning, Findeli (1994) underlines that ñthe systemic apprehension of a complex 

reality comes from intuition,ò a skill that designers have to train with appropriate methods but that is 

rooted in their previous education and practice. 

After all, just as design pervades every aspect of human life, any field can be embraced and shaped by 

design, reinforcing the idea of a transdisciplinary design (Blevis et al., 2015) that transcends 

disciplinary boundaries. Expanding the frontiers of design, then, could contribute to the creation of a 

new kind of skill: that of mediating among approaches and value systems of a variety of disciplines 

(Kirschener & Norman, 2021). As self-conscious bricoleurs (Louridas, 1999), designers will not just 

merge the materials at hand; they could also identify and bring together different kinds of 

professionals to foster collaboration across multiple disciplines. 

In the end, extending the breadth of design borders will not threaten a loss of identity. As 

demonstrated by the portrayed didactic experience, what characterizes designers is their attitude, their 

approach, and the processes they are used to apply to frame and solve problems. From its origins, 

design was outlined through the distinctive traits of other disciplines combined ï namely, art, science, 

and technology. Today, this disciplinary distinction should be blurred and enclosed within a more 

general model to define a designer, whose essential skills would be perception (including visual 

intelligence) and (moral) action (Findeli, 2001). With such foundational equipment, the designer 

could easily merge into different disciplinary realms to deal with the most pressing problems and act 

as a bonding agent. 

To support this vision, it would be interesting to expand the proposed introductory activity. It may be 

the building block for a more comprehensive educational project or include more vertical topics and 

become modular and flexible. Likewise, its finality could also be broadened, and further relevant 

insights could be gained from the submission of the game to students with different but inherent 

backgrounds. In the current state, if ethicists may not find cues to operationalize their knowledge, ML 

students could be interesting testers. Could a different perspective on ML agents enrich them? Can 

they get to design a system with the provided materials? How would they react to ethical concerns? 

Responding to this sort of questions may convey a deeper understanding of computer scientists or 

engineersô approach to the same problem, eventually suggesting how to facilitate communication with 

designers and make this game a basic tool for interdisciplinary problem-based teams (Friedman et al., 

2019). 
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Abstract. The aim of this design project is to explore ways of co-designing instructional videos, together with 

representatives from the elderly care sector, that show how to use Personal Protective Equipment (PPE) and how 

to follow basic hygiene routines. We have used a Design Thinking (DT) and Research through design (RtD). 

The results show that the main improvements derived from using a co-design process were input on the details 

needed to make the video more realistic and more reflective of real-world scenarios.  

 

Keywords: co-design, research through design, live-action video, visual instruction, live-action video  

 

1  Introduction  

Todayôs Sweden may be described as a ñrisk societyò (Giddens, 1998, p. 27), where communication 

about safety and risk prevention commonly takes the form of warnings and instructions. In this paper, 

we present an innovative way of designing video instructions, namely co-designing them with their 

presumed users. In a professional safety control context, the creation of visual instructions is normally 

the affair of specialists that design the instructions in accordance with warning design standards such 

as, for example, the ANSI Z535 for safety signs and colors (Woghalter & Mayhorn, 2017). However, 

the description of design element properties that can alert workers to hazards are of questionable use if 

the actual hazards are partly unknown and exists in a new type of hazardous condition. A case in point 

is the covid-19 pandemic. Therefore, new types of hazards in the workplace require innovative, 

designerly approaches with regard to the communication of hazard control and disease prevention 

procedures (Ekwall, Ädel & Nyström-Höög, 2021). Our particular instructional approach involves 

live-action videos, since this particular format allows for a quick-turnaround between design 

iterations, and functions very well when instructions rely heavily on human speech and human 

movement (Eriksson and Eriksson, 2018; Ganier & Vries, 2016). 

We have used a Design Thinking (DT) process (Cross, 2010; Badke-Schaub, 2022) and Research 

through design (RtD) (Giaccardi, 2019). DT was helpful in the problem framing process, and for 

gaining an understanding of the user and empathising with them; namely, personnel working in 

homecare for elderly people. In the iterative ideation phase, we used photography and videos. The aim 

of the project was not the end-product but to gain a deeper understanding of what is required for the 

creation of instructional videos; in this case, instructional live-action videos. Therefore, the project 

could also be defined as research through design-process, an artefact-centred design approach, where 

two researchers (specialised respectively in design, and occupational safety and health management) 

involved stakeholders working with homecare in a municipality in the southern region of Sweden. 

The stakeholders involved held different occupations such as manager, nurse, homecare workers (with 

and without formal training), occupational therapist, and union representative. The project started in 

mailto:yvonne.eriksson@mdu.se
mailto:katrin.skagert@ri.se
mailto:pek@du.se
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July 2020 and lasted for one (1) year. It was financed by Afa Insurance, and the municipality 

contributed the participating personnel.  

 

1.1 Background 

Elderly care services in Sweden have certain problems related to a shortage of educated workforce, 

which is also the case in many other countries (WHO, 2016). The pandemic seems to have only made 

these problems more acute (Swedish Association of Local Authorities and Regions, 2021). Employees 

in the elderly care sector are often part-time employees, have Swedish as their second language, and 

have attended zero or less than one year of nursing school (Strandell, 2020). To support these 

workers, and to prevent the spread of Covid-19, various how-to videos have been developed which 

show them how to use protective equipment and follow guidelines for basic hygiene in care 

environments. However, the videos in question do not adhere to the segmenting and contiguity design 

principles (Mayer and Clark, 2016). They are too lengthy, and, above all, they are inconsistent, e.g., 

what is said and what is done in the videos is not synchronised. In addition, they were recorded in a 

hospital environment and did not relate to people working with homecare. It is important to keep in 

mind that this category of employees did not have a tradition of using personal protection equipment 

since they mainly assist with daily hygiene routines (where they use gloves), preparing food and 

cleaning up. Therefore, our instructional support was developed with this particular kind of personnel 

in mind. 

 

1.2 Aim and research question 

The aim of this design project is to explore ways of co-designing instructional videos, together with 

representatives from the elderly care sector, that show how to use Personal Protective Equipment 

(PPE) and how to follow basic hygiene routines.  To do this, we ask this primary and basic research 

question: How can a co-design process improve understanding of the challenges involved in the 

design of instructional live-action videos? 

 

1.3 Research Through Design 

By co-designing videos in accordance with a Research Through Design (RtD) framework, the focal 

point of this design project is not the end product, per se, but a mutual knowledge creation which, 

hopefully, will be beneficial for both home homecare workers, designers of the instructional videos, 

as well as the patients and elderly in nursing care facilities. This approach essentially means that we 

regard the end-product, i.e. the final video instruction, as a good enough, albeit improved, design 

solution that is based on realistic expectations, as oppose to (lofty) ideas of design perfection. The 

means by which to achieve such a good enough design solution is the RtD framework, since RtD offer 

ways for the stakeholders to engage in deeper dialogic interaction with regards to how to 

communicate the proper use of personal protective equipment and basic hygiene routines. 

Similar to RtD-researcher Giaccardi (2019), we consider digital communication objects as connected 

things capable of illuminating both hidden and obvious knowledge that are the result of dialogical 

interaction between stakeholders. In doing so, the communication object (the video instruction) 

reflects the role of the RtD artifact in participatory processes of co- design and co-reflection. At the 

heart of any RtD-project, lies the activity of prototyping. The RtD prototype, indirectly helps forming 

a sort of consensus among non-designers and designers (cf. Sanders & Stappers, 2014). This is what 

Giaccardi calls a ñstabilizing characterò of the RtD-artifact (2019, p. 141). Oftentimes, RtD-

researchers use prototypes to support processes of reflection, in terms of what did not work and what 

did work in the design process. If used like this, the artifact is used primarily in its evaluative 
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capacity. In the study presented in this paper, the video instruction is used in this way. But more 

importantly, it is also a vehicle for theory building (i.e. generate generalizable knowledge) as well 

enabling stakeholders to simulate and óseeô procedures and practices in a new light thereby being able 

to identify what might be regarded best-practice routines. 

 

2 Visual communication 

Visuals are perceptually tangible to various degrees and can portray objects and spaces and 

demonstrate spatial relations. A visual can be an object by itself, or a representation of an object based 

on the similarity of what is represented, or it can be based on abstract conventional signs. Visual 

communication is part of every culture, even though we may sometimes use it in different ways. 

Interestingly, even a very simple symbol can carry a complex meaning, something which needs to be 

learned. Visual communication can be defined as the use of one or several pictures to visually 

represent and illustrate a concept for the explicit purpose of communication. We use visual 

communication to express ourselves with the aim of sharing thoughts, ideas, emotions, or information. 

Regardless of whether the content is complex or not, all communication is an externalisation of our 

óinner voiceô, our thoughts; and the purpose is to make these thoughts accessible and understandable 

by someone else. Whether we want to explain a concept or call attention to something, or entertain, 

it's all about sharing with others. It is not only socio-cultural aspects that matter in visual studies. We 

also need to take cognitive aspects into consideration. Our ability to imagine things influences the 

way we see and perceive the world, which ties into Mitchellôs (2015) suggestion to distinguish images 

from pictures; where images are to be regarded as mental images or metaphors, and pictures as actual 

representations. This definition indirectly highlights the difference between two distinct modes, or 

types, of visual instructions. There are visual instructions that are meant to aid users in creating 

ómental imagesô, i.e. by being mentally engaging (Mayer and Clark, 2016) such as, for example, 

abstract, static, instructional drawings, as well as visual instructions that are more ónaturalisticô, such 

as live-action videos that display people who function in more direct ways since they offer humans a 

kind of mirror neuron advantage, being imitable (Eriksson and Eriksson, 2019).  It is necessary that 

those who are learning a task or approach understand why something should be done in a specific way 

(Endsley, 2016). Visual instructions need to be motivational. In addition, in a useful visual instruction, 

the user should be able to easily identify what the displayed image or video really shows or represents 

(Eriksson and Eriksson, 2019). The videos we have designed are the live-action video format type, 

i.e., recorded videos. The videos feature care worker working at an elderly person´s homes.  

 

2.1 Live-action video 

In contrast to computer generated animations, live-action videos are recorded with video cameras, 

showing events and procedures as they occur over time in real-life situations. The rapid adoption and 

development of new communication technologies such as powerful video-capable smartphones have 

revolutionized the face of instructional communication, in essence making it a lot easier and 

affordable to create and co-create various types of video instructions using human instructors, as well 

as offer simple ways to very quickly distributed content to the right type of audience/user.  Hence, in 

recent years, studies investigating the usability and design implications of live-action how-to videos 

have increased. For example, Eriksson and Eriksson explore how direct affordances inform usersô 

abilities to imitate construction procedures (2018); Cheung et al. test the effects of video instructions 

on procedural skills transfer in clinical practice (2020); Biard, Cojean and Jamet, (2018) investigate 

the role of pacing and segmenting in procedural video instructions demonstrating how to make hand 

orthoses; Ganier and Vries (2016) investigate the relationship between usersô performance and static 
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or live-action instructional design in suture workshops; and Yi et al. (2019) study what role the live-

action video-mediated presence of an instructor plays in studentsô learning when decoding 

instructions. The underlying reasons behind this research development has to do with ease of use 

editing and recording technologies (such as iPhones and various kinds of web cameras) which have 

now become commonplace, and online distribution venues (such as YouTube) that allow for a quick 

turnaround of recorded videos. However, at the heart of research efforts, such as these, there is the 

issue, and research problem, of the role design plays and how designerly ways of producing 

instructional content relate to learning outcomes.  

 

2.2 The cognitive load aspect 

Defining and measuring learning outcomes associated with online video instructions are specialised 

interests in the field of cognition and learning, as most notably exemplified by Mayer (cf. 2019) and 

Sweller et al. (cf. 2019). According to Mayerôs Cognitive Theory of Multimedia Learning (CTML), as 

well as Swellerôs Cognitive Load Theory (CLT), learning outcomes are intrinsically linked to the 

interplay between the capacities of the limited working memory and the unlimited long-term memory. 

Over the years, this insight has indirectly warranted the employment of design guidelines (also known 

as ódesign principlesô) for visual instructions, which are meant to lessen the cognitive load of the 

working memory. Such guidelines are also applicable to the live-action video format (Eriksson and 

Eriksson, 2018). In spite of the growing number of so-called DIY-videos (do-it-yourself videos), 

explainer-videos and how-to videos on the internet and in social media, in the field of information 

design, research on live-action visual instructions has been rare. Still, information design scholars 

Spinillo & Perozza (2015) recommend that animated procedural instructions, which may or not be 

live action, should be based on Mayer and Morenoôs design guidelines for animations (2002) in order 

to support communication effectiveness: 

1. Video content should include both pictorial elements and narration (text or voice) 

2. On-screen text that refers to pictorial content should be presented near the pictorial content 

3. The video content and the narration must be presented simultaneously 

4. Only relevant and coherent elements of an animation should be included in the video to avoid 

extraneous elements (including sounds) 

5. Video content should be associated with audio narration rather than with on-screen narration  

6. If audio narration is employed with pictorial content, do not add on-screen text 

7. Verbal content (on-screen text or voice narration) should be presented in a conversational and 

informal manner 

Video is a time-based, or transient, medium. The transient effect refers to the negative effects 

associated with the constant flow of new information in videos that cause cognitive load. 

Unsurprisingly, according to some online education scholars, presentations that are too lengthy are the 

main problem with instructional videos in general and may possibly explain why the implementation 

of Mayerôs multimedia design guidelines in lecture style videos, which are partly live action, have 

failed to generate positive learning outcomes (Lamb, 2015). None of Mayer and Morenoôs design 

guidelines will aid in making instructional videos more useful for users, in the sense that they will 

make the videos in question shorter. In other words, none of Mayer and Morenoôs design guidelines 

include the so-called segmentation guideline, which is specially geared towards combatting cognitive 

load via the means of breaking down multimedia lessons and, hence, decreasing the negative effects 

of the transient effect (Biard, Cojean & Jamet, 2018). However, with respect to the live-action video 

format, segmentation can, nowadays, be easily achieved via user interaction whereby the user uses 

control buttons integrated with the viewing interface, thereby essentially achieving self-paced lessons 

(Biard, Cojean & Jamet, 2018).  This also allows for some level of user-interactivity.  
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In summary, then, the design guidelines proposed by Mayer and Moreno (2002) seem to overlook the 

interactivity-factor that has been proven to promote comprehension and learning (Koĺ-Januchta et al., 

2020). The issue of interactivity, and the lack thereof, not only concerns the ability to control the pace 

of the instructional video content but is also connected to the type of modality (written explanatory 

text versus spoken narration). Empirically based studies have shown that spoken narration is 

dependent on the type of interactivity/pacing (cf. Koĺ-Januchta et al., 2020). If the pacing of the video 

is largely system-paced, an auditory narration leads to a better learning outcome than written text; but 

if the learner completely controls the pacing by themself, written text is better (Koĺ-Januchta et al., 

2020).  

 

2. 3 The live-action advantage 

Curiously, the transient effect, which is normally considered to be something extremely negative in 

instructional situations, may be advantageous in the live-action video context because ótransienceô, 

simply put, is the normal state of affairs in the natural world. If one acknowledges that mediated 

communication may be understood as a kind of exchange in a natural environment, and that this 

environment is the basic and essential ingredient in the formation of messages, then we might have to 

accept that ónatural communicationô also involves things that are known without being overtly 

communicated and/or taught (Geary, 2008; Paas & Sweller, 2012). In other words, gestures, facial 

expressions, and aspects of human speech do not require overt teaching methods since some 

communication exchanges take place, and become ómeaningfulô, between bodies and in bodies, 

thereby bypassing the working memory altogether. According to Paas and Sweller (2012), there is 

actually no evidence that basic problem-solving skills, planning skills and decision-making (i.e., 

means-end analyses) can be taught at all, since these skills are part of our predetermined repertoire of 

biologically primary knowledge which we are pre-programmed to know and be able to automatically 

relate to. Thus, biological primary knowledge cannot be taught, and therefore requires no explicit 

tuition (Geary, 2008). This approach to natural information processing systems provides the rationale 

behind labelling live-action videos as the perfect medial vehicle for exploiting humansô bodily 

architecture. Essentially, the rationale is that biologically primary knowledge is integral to live-action 

videos, as they often feature people who make actual human movements, are involved in basic 

problem solving, use human speech (often in our mother tongue) and exhibit naturally occurring cues 

and signals (cf. Eriksson and Eriksson, 2018). Therefore, the explicit teaching part in some Live-

action-video instructions can be omitted. Immersion can be a good enough approach (Paas & Sweller, 

2012). 

This presents the key advantage for designers using the live-action format. If some aspects of the 

overall instructional goal can be left without overtly attending to them, more effort can be placed in 

instructing about what is normally the primary goal of any instruction: to drive the acquisition of 

biologically secondary knowledge. Biologically secondary knowledge is culturally and socially 

acquired knowledge that is not preprogramed in humans, and that óresidesô in the mind (Sweller, 

Ayres & Kalyuga, 2011). In other words, biologically primary knowledge may leverage instructional 

attempts to promote acquiring biologically secondary skills (Paas & Sweller, 2012). The reason for 

this is that when we convey information belonging to the biologically primary knowledge realm, very 

few cognitive recourses are required (cf. Eriksson and Eriksson, 2018). This frees up cognitive space 

for other, more demanding, mental activities which are the real important ones and the focal point of 

the instruction in quest Standard operational procedures to prevent the spread of Covid-19. 

Covid-19 is classified as an epidemic disease in Risk Class 3, which means that employers are 

responsible for ensuring staff members have access to personal protective equipment, and that the 

equipment meets safety standards (WHO, 2021; Swedish Work Environment Authority, 2020). Safety 



 

162 
 

standards and regulations for basic hygiene routines are often translated into written standard 

operational procedures (SOP) in terms of instructions, norms, and rules to manage and prevent the 

spread of disease. Those SOPs can be described as a dimension of work as imagined (WAI), while 

work as done (WAD) is how it is performed in practice. WAI, in terms of SOPs, cannot fully reflect 

actual events and the performance of work but is needed to create a framework for WAD. Yet, a 

continuous reconciliation is required through reflection and learning to adjust and harmonise between 

WAI and WAD (Calvharo et al., 2018). In this sense, the design process worked as a continuous 

reconciliation.  

 

3 Method 

This study is a RtD study. The overall RtD process can be divided into four fundamental phases, akin 

to Herriott (2019). The background research Phase 1 includes a general risk analysis of how, when, 

and why protective clothing should be used or not. The method used in Phase 1 was a semi-structured 

interview where one interview was with a mixed group in the collaborative municipality, and the 

other was with a group of four homecare workers in another municipality. Participants in the 

municipality we collaborated with were union representatives for different professions working in 

elderly care (i.e., assistant nurses, registered nurses, physiotherapists and administrative staff), as well 

as healthcare managers and medical responsible nurses (MRN). In relation to the written Hygiene 

routines and the result from the interviews regarding in what order the PPE is put on and taking of we 

made a story board. In Phase 2, the visual prototypes were designed and produced based on the results 

of Phase 1. A slideshow was created with photos and accompanying text in plain language, explaining 

what PPE to put on or take off, and how to do it. The slideshow was analysed together with the mixed 

group with focus placed on the order of instructions on how to dress and undress. The result from the 

analyses of the slideshow created a base for Phase 2. The design of the live-action video prototypes 

started. The live-action video was recorded using an iPhone on a tripod in the hall entrance of one of 

the researchersô homes. This researcher also performed the role of the main actor/instructor in the 

video. An objective camera angle was used, and the tone of the verbal instruction was instructive with 

plain language. It was an iterative process that generated seven (7) versions of the live-action video. 

The analyses of the videos were completed using visual methodology (Rose, 2016) and content 

analyses (Krippendorf, 2004) with focus on the hygiene routines. In this second step of the design 

process, when we started to videotape prototypes, we mainly met with two nurses who are responsible 

for hygiene routines. This was partly due to restrictions related to physical meetings, and also because 

of the second wave of the pandemic which made the homecare workers very busy. The nurses were 

involved in the co-design of the prototypes by taking part in the analysis of all seven steps (the 7 

versions of the prototypes). 

In Phase 3, video production and process analysis, the final video was produced based on dialogues 

related to the video prototypes. Digital workshops were held with homecare staff to capture how the 

visual instructions are perceived and understood. Ten focus group interviews were conducted online 

over two days, with a total of forty-two (42) homecare workers from two units in the municipality. On 

the first day, technical administration/support was undertaken by a staff member from the 

administration department. On the second day, the manager of the group took care of administering 

the meeting and participated in all the interviews. The two final versions of the videos about how to 

put on and take off PPE were shown. The participants watched the videos for the first time. The 

videos were shown on a computer screen in the room where the participants met, while two members 

of the research team participated online from two different places.  

The discussions were recorded with the participantsô permission, and the researcher wrote field notes 

during the process. We asked the following questions: 
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Before Covid-19, when was protective equipment used?  

How did you learn how to put on and take off the protective equipment?  

Then, we showed them the videos with the instructions. First, the one that shows how-to put-on PPE, 

and then the one showing how to take off PPE. 

We asked for spontaneous thoughts:  

What do you recognise and what is different compared to how you usually do this? 

What are the advantages or disadvantages of visual instructions like this one that we have made? 

We also asked about the value of the video in relation to work to be done. 

In Phase 4, the comments and reflections were sorted after those questions, and a manifest content 

analysis was conducted (Graneheim & Lundman, 2004; Krippendorf, 2004).  

 

4 Results of the research through design process  

Here, we describe the first three (3) phases of the research through design process, and end up in a 

discussion in Phase 4, where new information and theory is modified. 

 

4.1 Phase 1- risk analysis 

The whole process and Phase 1 started with an initial meeting with the strategic and operative 

management group for the care giver staff in the local municipality. Ten people (10) attended, 

including union representatives for different professions (i.e., registered nurses, assistant nurses, 

physiotherapists, and administrative staff) and MRN for care homes and homecare. This first meeting 

we held was our only physical meeting. We met the group in their regular monthly, one hour meeting, 

between August and December 2020. We started by presenting the project and our aim of designing 

visual instructions for home homecare workers related to how to use PPE. Initially, we talked about 

whether it was only elderly care or whether care for disabled (personal assistants and supported 

housing) would be included. We started discussing specific work situations where protective 

equipment is used. Here, the representative from the union was careful to distinguish between 

ópersonal protective equipmentô and óprotective equipmentô. Protective equipment, such as a plastic 

apron, is used to prevent the contamination of the ordinary workwear and the spread of infection 

between patients or the elderly person receiving care. PPE is used for the safety of the employee, and 

can include medical masks, goggles or face shields, and can differ depending on the situation.  

They pointed out that the accessibility of PPE it can differ locally, for example, if there is space in a 

nursing home to have the PPE standing in the corridor or inside the userôs door. For homecare, the 

user may be required to change into their PPE in the stairwell. The MRN made it very clear that all 

the instructions and local risk assessments were in place and the staff had received clear written 

instructions (we interpreted the sub-meaning that, if they do not do it right, it is because of themðnot 

because they did not receive good enough instructions). 

During our dialogue about how it works in practice, it became clear that the dressing situation varies 

depending on how the care recipient livesðin an apartment or in a houseð and how the home is 

designed, especially the entrance. The most critical moment, we learned, is during undressing and 

determining when and where the discarded PPE are to be thrown away. We also noted that it was 

unclear when, where and how employees clean their face shields between care recipientsô homes.                      

The meeting led to a mutual decision to focus on how to put on and remove PPE. In our dialogue with 

the meeting participants, the group help defined what part of the instructions for PPE could benefit 

from visual instruction.  

After the meeting with the management group, we took part of and read the municipalityôs basic 

written hygiene routines. We conducted a semi structured interview online with four home homecare 
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workers in another municipality to gain a broader understanding of how the basic hygiene routines are 

used in practice by different organisations and parts of the country. We asked them to describe, step 

by step, in what order they put on and take off the PPE. Two out of the four interviewees worked in a 

nursing home, while two of them worked in homecare services as homecare workers in peopleôs 

homes.  

 

4.2  Phase 2 - visual prototypes 

Based on the information gathered in Phase 1, we designed a prototype of the visualisation in the form 

of a slide show with still photography, including a short text on every slide explaining what to doð

which means the slideshow had a high degree of redundancy. The photos were taken by a student, 

with another student acting as a homecare worker, and they were instructed by the research team. The 

slideshow consisted of 25 slides. Many of them contained several pictures demonstrating every single 

step, aiming to visualise, step by step, how to, e.g., put on PPE in line with how we have understood 

the basic hygiene care instructions. The first challenge we faced in the early stage of the design 

process was how to put on different elements of PPE (Figure 1). We only received information in this 

order:  

1. Start by sanitizing your hands. 

2. Put on shoe covers without touching your shoes. 

3. Put on the gloves. 

4. Then put on the apron, mouth guard and face shield. 

 

   

Figure 1. Example from the slideshow  

When starting the design process by just following these steps, we faced a lot of practical challenges 

and not only when it came to how to put on the different elements. There were no instructions 

regarding where to put the jacket and bag when entering the door of the pretend care recipient's home. 

These details were under discussion during the whole process, from the making of the slideshow to 

the final video. However, the staff commented on the fact that she was not wearing working clothes. 

The basic hygiene routines are not adapted to the private sphere and are not concretized either. They 

are written on an abstract level and learned during nursing education. Then it is up to every co-worker 

to interpret the basic hygiene routines and apply them to the best of their ability. Before the pandemic, 

this was not a big issue. But because of the pandemic, it became a big problem, especially in the 

beginning of the virusô spread. The existing instructional videos were based on a hospital context and 

did not offer any guidance. 

The second part of the slideshow contains instructions about how to take off the PPE in a correct way, 

without causing contamination, and where to put the used PPE. The instructions on the slides 

accompanying the pictures advised that the PPE be taken off in the hallway before leaving the care 

recipient's home and thrown in the trash can in the hallway, within a garbage bag. The homecare 

worker should start by removing the shoe covers and throwing them in the trash. Then remove the 

gloves (we asked how) by pulling them inside out so you do not touch the outside of the gloves. 

Throw them in the trash and sanities your hands. Remove, the face shield without touching the outside 

of it (what do you do with it then?) Place it on the floor while you take off your apron (our solution). 
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Remove the mouthguard by holding only the loops and then sanities your hands again. Remove the 

apron. Start by unloose the apron at the back (our solution). Fold the apron inwards with the outside 

of the apron (our solution). Pull it up over your head. Roll up the apron with the outside inwards (our 

solution). Throw the apron in the trash. Finally, put the face shield in the backpack, or carry it in your 

hand (our solution). Sanities your hands. The last thing to do is throw the garbage bag outside in the 

dustbin.  

The design team and the management team met for a dialogue regarding the content of the slideshow. 

The discussion was mainly about the advice that home homecare workers should start by sanitizing all 

the way up to their elbows, before putting on the shoe covers. Most comments were related to the 

undressing part. Such as: Do not lay the face shield on the floor! Wear gloves while removing the face 

shield. The gloves should be taken off after the face shield. Throw away gloves in bucket/bag at the 

door. Sanities the face shield (with spray bottle or plastic wrap for face shield cleaning). Sanities the 

hands.  

Lay the face shield down in a backpack (all homecare workers wear a backpack with the PPE in it).  

Even though we asked them to focus on how to put on and take off the PPE, several of the staff 

commented on the clothing since they were not work clothes but her ownðas well as the fact that she 

was wearing jewellery.  We were told that home homecare workers in general leave the garbage in the 

care recipient's hallway, and never brings it with them. The garbage has been an issue throughout the 

whole project, and we will discuss it later in the paper.  

Based on the comments on the slideshow, we started to make video prototypes using an iPhone. Since 

the video instructions were intended for home homecare workers visiting peopleôs homes, we chose 

an entrance hall to an apartment to frame the situation authentically. The camera was stationary, and 

the actor (a member of the design team) entered the entrance hall and put the bag on the floor before 

beginning the process by using hand sanitiser and putting on the PPE. The actor talked to the camera 

during the whole process. Every single step was commented upon, using a straightforward language, 

with clear instructions and no motivations given for how to act, only for what to do; for example, 

óSanitise your hands, wrists, and underarmsô.  

In the first prototype, our team member acting as staff started with a mistake: she put on the shoe 

covers before sanitising her hands. That was probably an effect of the slide show, for which she was 

involved in the design of the pictures. The rest of the prototype video took into consideration the 

comments that we'd gathered in the meeting with the management group. In the prototype video´s the 

representative from the design team that act as a care worker wore private clothing, but in a neutral 

colour in order to avoid creating distracting information related to the clothing related to the clothing, 

and no jewellery. However, the staff commented on the fact that she was not wearing working clothes 

(Figure 2). 

 

 

Figure 2. From the prototype video showing how-to put-on mouth guard and face shield 
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After finishing the first prototypes, one showing how to put on the PPE and one showing how to take 

it off, we showed them to the nurses. In a dialogue with the nurses, we gained new comments and 

suggestions on how to improve the video instructions. They were mainly about details but, from the 

perspective of basic hygiene care, they were important. For example, the backpack should not be put 

on the floor, they said, but needs to be placed on a stool, chair, or table to avoid contamination. They 

also commented that the actor put the face shield on the table in the hallway before sanitising it. They 

suggested that the face shield, instead, be carried in a separate plastic bag which should be hung on 

the door handle when entering the care recipient's home. In a later prototype, we received the 

comment that the handle needs to be sanitised before hanging the plastic bag on it.  

The undressing part was also a challenge since it has to do with details such as the quality of the apron 

plastic which affects the ability to tear away the apron, how to sanitise the face shield and where to 

put it when leaving the care recipient. The instructions from the nurses were that the apron should be 

wrapped up and, at the same time, the gloves should be taken off inside out with the apron inside the 

glove, together with the other glove. We were told that the face shield could be sanitised with spray 

and left to dry in a clean plastic bag.  

With every version of the prototype, new details that were not noticed in the previous video were 

commented on. All the meetings took place online. However, all seven of the prototypes were made in 

the same entrance hall with the same actor and video recorder. The design team interpreted this as the 

development of the instructionsðthe closer the video got to an acceptable result; the more details 

became visible.  

From our dialogues, it seemed to us that the nurses had limited experience from homecare in practice. 

They did not support the design team regarding how to handle the basic hygiene routines in practice. 

Instead, they referred to the text document. One of them gave comments on the last prototype 

regarding hand sanitation, arguing that three pumps from the bottle is necessary and at least 6 ml 

should be used. We later used the advice of three pumps but ignored the instructions of how many 

millilitres should preferably be used, since it is not possible to use that information in practice.  

Once we had agreed upon the last version of the prototypes for putting on and taking off the PPE, 

with some small modifications, the final manuscript for the live-action- video was produced.  

 

4.2.1 Result from the Phase 2: Video prototypes. Using videos in the co-design process generated 

good insights among the involved partners, the designers, and the nurses. This is because live-action 

videos are associated with visual realism, partly due to the fixed camera position (the iPhone) while 

recording. For viewers, the video content is directly recognisable, in terms of what is performed and 

how. The actor in the videos explains what to do using a plain and straightforward language, without 

giving any explanations of why (i.e., without verbal contextual information). This was a conscious 

decision since we wanted to keep the videos short; and during the prototype process, there were no 

comments on the verbal presentations from the nurses, only on the visual parts. The tangible nature of 

the videoðit is imitableðmade it possible for the nurses to reflect on how to put the hygiene routines 

into practice. This gave the nurses the opportunity to reflect on the relationship between general roles 

for routines and the very concrete situation that occurs when a homecare worker enters a personôs 

home. The gap between the written bullet points and the visualised situation became highly apparent. 

As we learned, the video format offers an advantage in one way, and a disadvantage in another. The 

advantage was the ability to discuss practical issues regarding how to put on parts of the equipment 

and in what order to put on the bag and the jacket. The disadvantage was the discussion about details 

such as what clothing the actor was wearing in the prototype. Details that were not relevant to the 

focus of the prototypes, since the aim was to understand how to put on and how to take off  PPE and 

in what order to do so. Every single one of the seven (7) video prototypes were rectified from the 

meeting discussion with the nurses. To conclude, the prototype phase provided insights into the 
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complexity of the design process of live-action videos; but also highlighted the necessity of involving 

the users of instructions in order to gain a full understanding of how such instructions can be 

perceived. 

 

4.3 Phase 3 - Video production and process analysis 

In the last design step, we involved a professional filmmaker and a professional actress, which 

requires a specific order skill. Since the professionals were not involved in the design process, they 

were not familiar with the project, aside from the brief they received.  The video was made in the 

same entrance hall as in the prototypes, with a static camera. The manuscript was based on what was 

agreed upon during the last meeting with the management group and the representative from the staff 

group. The recording took place for one day, and several versions were made. In one version, for how 

to put on and take off PPE, the actor talks simultaneously to the camera, in the same way as in the 

prototypes, explaining what she was doing. In an additional version, she acted without narrating her 

steps and, afterwards, the talking was taped in a closeup camera angle. Besides filming the full PPE 

routine, several versions were filmed showing how to use parts of the PPE. One with gloves, apron, 

and face shield; another with gloves, apron, and face mask; and a third with only gloves and apron. 

The aim was to create visual instructions that could be used even after the pandemic, and in more 

ordinary situations where basic hygiene routines are necessary.  

The design of the final versions was completed together with the professional film maker who edited 

the films in relation to how much time one can expect a homecare worker to spend watching the 

video. This led to a mixture of full picture views and close ups. The length of the video on how-to 

put-on PPE is 3.32 minutes, and the video for how to take it off is 1.42 minutes, and the actors 

describe what to do and demonstrate it simultaneously. There are no explanations in the video, only 

instructions. The instructions are segmented by the actor´s gestures, and is easy to follow even for 

staff that are not fluent in Swedish (https://play.mdh.se/media/t/0_vm6olg6n; 

https://play.mdh.se/media/t/0_2d3gbhev).  In the final version of the live-action- video, we had access 

to working clothing which the actor wore, but they were borrowed from a different region of Sweden 

than the one we were collaborating with. Some of the staff did not recognise the clothes as working 

clothes and commented on that (Figure 3). 

The final videos were shown to the management group. This was followed by a discussion about the 

content and details in the videos. The meetings took place online, due to the pandemic and related 

restrictions.  

 

 

Figure 3. From the final live-action-video showing how-to put-on mouth guard and face shield.  

Photography: Magnus Göthlund 

 

4.3.1 Input from the target group. To gain information and input directly from the target group for the 

visual instruction, digital workshops where conducted. We learned from the staff that, prior to Covid-

19, PPE was seldomly used, only in cases of calicivirus, where they used gloves, aprons, and mouth 

guards. In cases of calicivirus, they always put on the PPE before entering the home of the care 

recipient. Other situations in which they used protective equipment such as gloves and aprons were 

https://play.mdh.se/media/t/0_vm6olg6n
https://play.mdh.se/media/t/0_2d3gbhev
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close-contact care situations, such as helping with shower or bathroom visits. In these situations, they 

put the equipment on in the care recipient's bedroom or bathroom. They said that, prior to Covid-19, 

they had never used a visor before. 

We asked the staff how and where they had learned about the regulations for how to put on and take 

off the PPE. The one who had a formal education said that they had learned basic hygiene care in 

school. The others said they had learned from short instructions when they started working in elderly 

care. We found that there was great variety in the ways they handle basic hygiene care in practice. 

Much is dependent on the actual situation, and some of the staff mentioned that elderly people stand 

waiting for them just inside the front door in the entranceway, and it is difficult to put on the PPE 

before they get too close. Others mentioned that the living conditions and how the home is designed 

influences where you can put the jacket and/or backpack. Sometimes, the floor is the only place. One 

of the comments was about the entrance hall in the video. They commented that it was too organised, 

with an empty chest of drawers and only a bottle of hand alcohol for sanitation, and a chair where the 

backpack could be placed. It is more common, they said, that the entrance hall is very narrow and full 

of things which makes it impossible to place the backpack any other place besides the floor. Even the 

jacket needs to be placed on the floor in some homes. Most of the groups also mentioned that it is not 

possible to leave hand sanitiser or gloves in the care recipientôs home since it gets stolen by friends 

and relatives (See table 1). 

 

Table 1. Highlight video comments 

 

Day 1 Highlighted comments Day 2 Highlighted comments 

Group 1: 7 persons - We use double gloves, 

itôs not necessary to 

sanitise that often. 

- Sanitise hands and put 

on mouth guard outside 

the apartment/house. 

- The visor must be 

sanitised and dried. 

Group 1: 5 persons + 

manager 

- The bag does not look 

like our backpacks. 

- She forgot the 

garbage. 

Group 2: 7 persons - She is not wearing 

same kind of apron as 

the one we use. 

- We use double gloves, 

itôs not necessary to 

sanitise that often. 

- Sanitise hands and put 

on mouth guard outside 

the apartment/house. 

- The visor must be 

sanitised and dried. 

-The video shows the 

same order as we 

follow to put on and 

take off PPE. 

Group 2: 4 persons + 

manager 

-You always put the 

backpack/bag on the 

floor. 

-We don't sanitise the 

handle. 

-It is not always 

possible to take off the 

apron as suggested. 

-We dry the visor after 

sanitising it. 
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Group 3: 3 persons - She is not wearing the 

same kind of apron as 

the one we use. 

- We have never 

sanitised the handle. 

- The visor must be 

sanitised and dried. 

- óI donôt sanitise my 

hands that frequently.ô 

- We use double gloves. 

Group 3: 4 persons + 

manager 

-We take the garbage 

with us when we leave. 

-We donôt put on 

gloves when sanitising 

the face shield. 

-We sanitise our hands 

between every ótaskô. 

-We dry the face shield 

after sanitising and put 

it in the backpack. 

Group 4: 3 persons - We have never 

sanitised the handle. 

- The video is fine. It 

covers the most 

important parts. 

Group 4- 5: 4 persons 

+ manager 

-We have never 

sanitised the handle. 

-We wash our hands 

between every task. 

-We put on shoe covers 

before gloves. 

We un-dress in the 

following order: 

Apron, gloves, shoe 

covers, mouth guard 

and face shield. 

Group 5: 4 persons We use double gloves, 

itôs not necessary to 

sanitise that often. 

- Sanitise hands and put 

on mouth guard outside 

the apartment/house. 

- Visor must be 

sanitised and dried. 

  

 

After we had already conducted the prototyping sessions, and before we met with the ten staff groups, 

we realised that new directives and instructions for handling PPE before and after use had been rolled 

out by the municipality. Now, they have bags that contain aprons, gloves, and mouth guards, and 

before they leave the care recipient. they put it all back in the bag as garbage. We did not know this 

when we met the staff and, therefore, it is not included in their comments above. Most of the 

spontaneous comments concerned the gloves and details on sanitising hands and face shields (see 

Table 1). Yet, the groups commented and described how they managed details differently, even 

though they would follow the same instructions. That underscored our reflection during the earlier 

Phase 2, that the MRNs seemed to lack experience on how the work and basic hygiene routines are 

performed, and that implied the WAI in the written instructions is as easy to follow in the WAD. The 

interview participants from the first day had extensive working experience and had developed their 

own routines for how to handle PPE. When we mentioned the use of double gloves to the second day 

staff group, they immediately referred to rules that state the use of double gloves is not allowed. The 

presence of the manager of the group that we interviewed on the second day was unmistakable. She 

was very ambitious and commented on what was written in the basic hygiene routines and what she 

had taught the staff. However, the groups still commented on details that did not match the way they 

performed their job when visiting care recipients.  

 

4.3.2 Challenges and benefits of the visual instructions. The actual possibilities of following SOPs to 

use PPE and prevent the spread of Covid-19 seemed to be influenced by homecare workersô earlier 

knowledge and experiences, the spatial design in the care recipientôs home and their approach, and 



 

170 
 

local routines and the praxis developed within the team. The results indicate that the live-action video 

format has both challenges and benefits when it comes to the visual instructions that are connected to 

these themes as well.  The main advantage with instructional live-action videos is, simply put, 

ótransienceô, which reflects the normal situation in the natural world. The staff could therefore easily 

recognise the situation and follow the instructions, the length of the videos was significant, and all 

participants found it appropriate regarding the required information. As expected, the live-action 

videos left a lot of cognitive capacities and working memory powers to decode and process the overall 

meaning and message of the instructions for the users. In other words, this format functions very well 

as a point of departure for deep-probing and constructive discussions that concern the real issue here: 

what elderly homecare workers actually do in the given situation, and what they can do to improve 

their disease prevention work methods.  

All ten of the groups found the videos to be very useful, and easy to follow, regardless earlier 

knowledge and experience. The overall reactions from the ten groups were that they found the videos 

to be instructive, with a good balance between information and performance. They thought that the 

length of the videos was adequate and that the spoken instructions fit well with the actorsô 

performance. One comment from Group 2, from the first day, was that they wished that they had seen 

the video when the pandemic started. Another comment from Group 3, from the same day, was that 

óall new staff should see itô. On the second day, we received comments from Group 1, mentioning that 

the video works well for people with limited skills in Swedish.  

We asked if they would have preferred an animated video, but all groups preferred the life- action 

video, since it makes the instructions more realistic and easier to follow. The live-action video was 

experienced as ónatural communicationô (Geary, 2008; Paas & Sweller, 2012), even though the 

interviewed staff found the hallway entrance to be ótoo perfectô and clean. The main disadvantage of 

the live-action video format is another side of its advantage, namely, that it is ónaturalisticô, and 

displays a wide range of specific, and distracting, visual details, such as the displayed entrance 

hallway in the videos. That invite comparisons to other known entrance hallways and what a óstandard 

óentrance hallway should look like. In this context, this kind of discussion would not be very fruitful.   

Visuals have other conditions for statements than verbal language. Language can be imperative, while 

visuals are always compulsory since they are tangible and show what something looks like. Therefore, 

the challenge of designing visual instructions is to create generalisable instructions that work for 

various users in different situations and are still instructive for a specific purpose. The discussion 

regarding the aprons indicates how easy it is to build in visual noise in an instruction. 

Visual communication of this kind becomes perceptually concrete since all the communication that is 

performed is visible in the form of gestures, facial expressions, and actions of various kinds. In the 

videos, the staff could follow what to do by observing in which order the different parts of the PPE 

was  

put on and how. It also became clear, when the actor deviated from their local routines and praxis of 

how the staff usually performs the tasks, that these deviations would become a basis of discussion. A 

discussion that elucidates that the staff could not follow the basic hygiene routines to the letter 

because of certain contexts and situations.   

The ambition with this project was to conduct a continuous dialogue with employees working in 

elderly care. But, because of the second wave of Covid-19 in the actual region, it was not possible. 

Instead, the dialogue was conducted with nurses responsible for basic hygiene routines. From the 

dialogues in the meetings with the ten groups, we learned that the project would have included to 

many ad hoc solutions and suffered from too many deviations from the basic hygiene routines. That 

sparks a discussion about when and how to use participatory design as an approach, and when to use 

an interactive design approach as we have done in this project. 
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4.4 Phase 4 - New information and modified theory 

The RtD process is about learning and gaining knowledge, both with respect to the process itself, and 

the learning exchange between the participants in the co-design process (Castro & Lima, 2017). Thus, 

in this RtD context it is more relevant to talk about the creation of new knowledge, than to only point 

out that stakeholders, over the course of the project, gain new information about the problem area 

(i.e., new data on disease prevention in Swedish elderly care services). From the perspective of the 

researcher and prototype designer, one important type of knowledge is relatable to insights on how 

photographs and moving image sequences function as visual, instructional, prototypes. First and 

foremost, their ónaturalismô, invite the onlooker to look for anomalies that stand out in an assumed 

natural context. For example, in the first RtD phase, when looking at the slideshow made up of 

photographs presented in a sequential manner, the stakeholders noticed details that we as designers 

had not noticed, such as jewellery and odd (private) clothing choices. Abstract images, such as line 

drawings in the form of, for example, action diagrams, on the other hand, would not have been 

associated with such comments since they are highly abstract and altogether ófantasiesô devoid of a 

natural context in which things may be noticed as anomalies. In hindsight, perhaps it would have been 

relevant to use instructional line drawings early on in the RtD process in order to get the routines right 

(how to put on the PPE and how to take it off) instead of getting into more complex discussions about 

both the process and details, such as what to wear and what not to wear at a certain instance, in a 

certain situation. On the other hand, if more abstract instructional imagery had been used as the 

primary RtD medial object at this point, perhaps we would not have gained important 

knowledge regarding how, for example, used hygiene articles should be disposed of at an elderly 

personôs home (in a waste bucket, close to the exit door, with plastic a bag that is immediately 

discarded elsewhere after use).  

All in all, the design of the live-action video prototypes, including the still photograph sequences, 

taught us that they are useful when it comes to concretising what should be done and how, step by 

step. However, the prototyping also taught us that it is extremely difficult to provide the final, exact, 

and correct video instruction on how to follow specific hygiene routines in a homecare setting since, 

simply put, as noticed by several nurses, there is no órealô and fixed nursing home setting, they all 

vary. 

Since the home homecare workersô working conditions differ in relation to spatial design in the care 

recipientôs home and influence their ability to strictly follow SOPs, the videos do not function so 

much as instructions, but more like education. They create the opportunity to reflect on what it looks 

like in different homes, in various situations, and how one may adapt basic hygiene routines and the 

use of PPE to the surrounding conditions. During the research project, the researchers noticed that risk 

assessments, national and local guidelines and instructions regarding what, when and how to use 

different types of PPE have changed several times since the first wave of Covid-19 in spring 2020. 

This also affected the development of visual instructions and the risk that they would quickly become 

obsolete. This type of video instructions, however, obviously revealed details that are difficult to 

obtain in written instructions.  

Consequently, we learned from the workshops with the homecare workers for homecare that the final 

versions of the live-action videos work as a starting point for a very constructive discussion about 

what to do, and what not to do. However, they do not show what homecare workers define as 'a real 

situation'. In other words, the videos show mere ideal situations; not the familiar, but unique ómessesô 

that homecare workers often meet in peoplesô entrance halls. Furthermore, according to the hygiene 

specialist (a nurse), the videos failed to correctly communicate how much rubbing alcohol is to be 

used when disinfecting hands and arms. We therefore conclude that visual instructions that are based 

on specific regulations appear to be unsuitable for the live-action format. It is a kind of paradox. The 
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specificity of the live-action format, on one hand, is useful since it invites critical perspectives and 

discussions on anomalies. On the other hand, it does not easily offer information that is concrete 

enough to be useful, and which can be generally applied to diverse situations and contexts. In 

summary, then, the live-action video format functions very well as an ease-of-use medial object and 

catalyst for a valuable and constructive discussion about procedures and routines. However, the live-

action video format is, probably, less valuable as an actual instructional tool when a user is 

performing a routine. This is to infer that, while the live-action format normally relieves pressure on 

the working memory (Eriksson and Eriksson 2018), it is also not mentally engaging enough to foster 

focus, selection and the re-organisation of information that forms ómental imagesô which, in turn, are 

critical to being able to perform a certain task (cf. Arnheim, 2004; Tversky, Morrisson & Betrancourt, 

2002). This insight partly modifies the theory about the live-action video as an instructional tool since 

it highlights the value of the live-action formatôs indirect effects in a pre-production phase of 

instructional content; namely, its capacity to generate more knowledge out of a certain instructional 

situation than the designer puts in (cf. Schön 1983). By visualising instructions and reflecting on what 

employees do in practice, the gap between written instructions on WHAT to do (WAI) and HOW it is 

performed in reality (WAD) became obvious. Especially in the discussion with the responsible nurses 

who seemed to have experience from practical homecare. Carvhalo et al. (2018) used simulation 

exercises and observations made by researchers to explore the gap between WAI and WAD, they 

emphasised that the participatory method in the analysis seemed to contribute to reflection and 

learning. Our results show that live-action videos can be a useful tool for adjusting and harmonising 

between WAI and WAD and can be easier to use for educational purposes when introducing work 

routines to newly recruited staff. It may also be a time and cost-effective complement to training 

exercises. This is also to point out that the employment of live-action video instructions is an 

enabling media technology that may support development work, in which the objective and goal of 

the instructional project are identified. 

  

5 Conclusion 

The aim of this design project was to explore ways of co-designing video instructions, to answer the 

question: How can a co-design process improve the understanding of challenges in the design of 

instructional live-action videos? We used a case study to answer the question where we, together with 

representatives from elderly care sectors, show how to use Personal Protective Equipment (PPE) and 

how to follow basic hygiene routines, with regard to the implications of Covid-19 in an elderly care 

context. To use Schºnôs terminologies (1987), we consider the knowledge type in question to be 

óknowledge-in-actionô. The video instructions become visual, mediated manifestations of this type of 

knowledge, what Schºn refers to as a passive form of óknowledge-in-actionô (1987). Consequently, 

the video prototypes, when viewed and listened to by a user, are meant to support óreflection-in-

actionô, i.e., the capacity of homecare workers to consciously think about what they are doing while 

they are doing it.  

Live-action videos may be useful for educational purposes and when introducing work routines to 

new staff. In particular, the results show that the main improvements derived from using a co-design 

process were input on the details needed to make the video more realistic and more reflective of real-

world scenarios. In part, we think this is due to the fact that the live-action format allows users to use 

more cognitive capacities to discover and gain insights into key details (i.e., image and sound 

elements). These details sometimes convey just the correct kind of activity, while other times they 

distract or seem contrived.  Thus, over the course of the project, the video prototypes became more 

and more nuanced and pedagogically straight to the point. Yet, at-home elderly care is complex work, 

with various conditions in every home and far from 'Standard Operational Procedures'. Hence, we 
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think that the live-action instructional format of this kind can function very well as a basis for 

reflection on how to actually perform work tasks, even for experienced staff. However, the best fit for 

the proper use of PPE and basic hygiene routines is probably a combination of visual instructions and 

practical training. No instruction alone, without actual óreflection in actionô, will result in better and 

more sound practises and routines. 
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Abstract. Design Thinking has been gaining significant attention as a potential approach to addressing 

organisational problems, including those of social institutions. This paper provides a theoretical and practical 

approach to Design Thinking as a method for social workers. The starting point of this research is based on the 

hypothesis that Design Thinking can make a significant contribution to social workers' mindset and skills for 

developing innovative projects, by providing a design methodology set of tools. To answer the main research 

question, if and how social workers can become Design Thinking practitioners, we conducted a qualitative study 

through the realisation of 3 training workshops supported by questionnaires and interviews. The results indicate 

that social workers are motivated to learn DT skills and to work more creatively in teams, but that a 5-day 

workshop is not enough to give them the basic competences to apply the DT process by themselves. 

 

Keywords: Design Thinking, Real Context Workshops, Social Innovation, Social Worker.  

 

 

1 Introduction  

Design was always a catalyst for innovation, chiefly in the industrial, architectural and graphic fields. 

Over the last decade, with numerous publications about Design Thinking (Brown, 2009; Martin, 

2009; Tschimmel, 2012; Mootee, 2013, & Uebernickel et al., 2020) and several case studies (Liedtka 

& Ogilvie, 2011; Kimbell, 2014; This is Design Thinking website), the term has gained popularity in 

business and management media and became a label for the awareness that any kind of organisation 

can benefit from the designersô way of thinking and working, including within social institutions and 

initiatives (Brown & Wyatt, 2010; IDEO, 2015; Docherty, 2017).  

Before becoming a popular concept for innovation, design thinking (at that time written in lowercase) 

had been defined and studied by the international research community, solely as the cognitive process 

of designers (Cross, Dorst & Roozenburg, 1992; Eastman, McCracken & Newstetter, 2001). In the 

last 15 years, the concept of design thinking has been stretched, and has broken free from its domain 

limits. Today, Design Thinking (now written in uppercase) is understood as a human-centred, 

collaborative and transdisciplinary innovation method, expressing the introduction of design culture 

and its tools into fields such as service innovation and organisational or social innovation. This move 

from design thinking as the way in which designers think, to Design Thinking as an innovation 

method embraced by the business world offers many new challenges and opportunities to the design 

community. As many Design Thinking projects are lacking professional designers in their 

multidisciplinary teams, one of the questions the 13th DTR Symposium aims to discuss is how useful 

the expansion of Designôs boundaries is for the evolution of the design field and for society in 

general, and where the limits are. 

This paper provides a theoretical and a practical approach to Design Thinking (DT) as a method for 

Social Innovation. The starting point of this research is based on the hypothesis that Design Thinking 

as a method for innovation can make a significant contribution to social workers' mindset and skills 

for developing innovative projects, while benefiting from a set of tools that design methodology 

offers. The goal of this paper is to demonstrate the potential the Design Thinking process and mindset 

have to change the way social workers collaborate creatively.  

mailto:jas@mindshake.pt
mailto:jm@mindshake.pt
mailto:ktschimmel@gmail.com
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2 Contextual background 

Since the beginning of the 21st century, social innovation has been high on the European agenda 

(Simon et al., 2014; Manzini, 2015). Social innovation and transformation is generally seen as one 

way of contributing to economic growth, while at the same time promoting sustainability and 

addressing social challenges. Across Europeôs member states, there is a range of funds, foundations, 

labs, research centres and networks, dedicated to supporting social transformation through Design and 

Knowledge, such as the DESIS network (Design for Social Innovation and Sustainability), SIKE 

(Social Innovation through Knowledge Exchange) or Social Innovation Academy. The role of 

designers in this scenario of fundamental social change towards sustainability, includes supporting 

social organisations and their agents in collective projects where the culture of design and the methods 

designers use can be an important contribution to transformational processes. Besides their possible 

role as design activists, or triggers that initiate social projects, designers can act as facilitators, 

supporting ongoing processes and initiatives through their design-specific process knowledge. 

Projects such as the Human Centred Design model and the respective toolkit developed by IDEO 

(2015), in response to a request from the Bill & Melinda Gates Foundation, show that Design 

Thinking is an emerging method capable of responding to Social Innovation challenges.  

Although Design Thinking for Social Innovation is proven to contribute to addressing user needs and 

to finding innovative and useful solutions for social projects, there is a lack of understanding about the 

usefulness of Design Thinking for social workers in supporting them over the process of finding 

innovative solutions for their communities. Most research in the domain of social innovation is 

focused on the contribution of Design Thinking to sustaining social innovation within the field of 

social organisations. Kummitha (2019), for example, studied how users persuade social organisations 

to adopt design thinking. But the focus of this research was the designersô roles in social organisations 

when adopting Design Thinking. We couldnôt find any research project which addressed the Design 

Thinking training of social workers, with the goal of equipping them with supportive tools for their 

collaborative creative processes. 

As professionals, we perceive the use of Design Thinking for social workers as adding value to the 

creation of knowledge within the innovation process by 1) being inclusive, 2) allowing collaborative 

workflow, 3) being motivating and empowering, and 4) having the potential for co-creation (Moreira, 

Santos, Palma & Tschimmel, 2020). According to Docherty (2017), the application of Design 

Thinking within social projects provides a 'safe' space for different perspectives to be shared openly, 

for new insights to emerge and to empower participants in cooperating and creating shared visions. 

This investigation emerged as an opportunity for us, as our team was refining a Design Thinking 

model for Social Innovation (which will be described in more depth below). In August 2018, the 

National Commission for the Promotion of Children and Youth Rights and Protection (CNPDPCJ) 

was looking for a partner to carry out a set of activities to support a project called ñAd®liaò. This 

project intends to build Local Plans for the Promotion and Protection of the Rights of Children and 

Youth based on a local diagnosis and develop a set of activities that are part of this plan. However, the 

CNPDPCJ felt that these activities could benefit from being designed using a set of tools different 

from those that have so far been used by social worker teams. This partnership therefore enabled a 

line of research using the new DT Social Innovation Model. The research opportunity was particularly 

attractive, as the participants were mainly social workers who intervene with children at risk, and with 

their families. But perhaps above all, within the context of the Adélia project, in the area of risk 

prevention and parental skills improvement involving the broader context of the community, and not 

only families already on the radar of social services. In order to take this research further, we designed 

a Design Thinking workshop, directed at social workers (and other professionals), with our main 

research question being: Can Social Workers be Design Thinking Practitioners?  
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3 Methodological approach 

3.1 Research method 

The methodological approach in this study integrates the Social-critical paradigm of Research through 

Design, which according to Pedgley & Wormald (2007, pp. 72-73) means ñresearch with a practical 

design elementò or ñresearch incorporating a design projectò. In our case, the design project was 

carried out by the three of us as Design Thinking researchers and trainers with more than a decade of 

experience and backgrounds in product design, research and education. That means, in the words of 

Pedgley & Wormald, that the integration of the design activity was a means to an end, and not an end 

in itself. The principal aim of this research project was to verify through practical experimentation if 

social workers would get the necessary motivation and skills to become Design Thinking 

practitioners, as a result of our intervention. However, supplementary questions then arose: 

Å How can we make the Design Thinking process for social workers more comprehensible? 

Å Which are the DT tools from our Social Evolution 6 model that social workers perceive as the 

most useful for their work environment?  

Å How motivated to innovate do social workers become, after going through Design Thinking 

training? 

Å Which elements of design culture and which kind of DT tools, will it be easy for social workers to 

integrate into their daily life? 

Å What is the impact of the workshop on social workers' mindset regarding awareness, motivation 

and self-appraisal of their ability to apply DT? 

Based on research by Chesson (2017) and by Schweitzer, Groeger and Sobel (2016), we conceived a 

framework for a questionnaire to help us to understand and measure social workers' Design 

Thinking knowledge and mindset. Our framework has 4 different levels:  

Å DT Principles: 1. Human Centred Approach, 2. Collaboration, 3. Openness to Risk/Permission to 

fail, 4. Holistic Approach, 5. Register of ideas, knowledge and process, and 6. Iteration. 

Å Practices: Work approaches, such as Observation, Questioning, Identification of patterns, 

Experimentation, Visualisation of knowledge and ideas, etc.  

Å Techniques: Methods and tools supporting practices such as Mind Maps, Stakeholder Maps, 

Insight Maps, Brainstorming, etc. 

Å Mindset: attitudes and ways of thinking (being empathetic, being divergent, not choosing the 

obvious, being playful, embracing failure, etc.). 

In our research approach, we used the following techniques: 

Å Pre and post questionnaire to all the participants of the workshops; 

Å Field observation during the training;  

Å In depth interviews with one random participant from each region at least 6 months after the 

training. 

The pre and post questionnaire considered the 6 principles from our framework and included a total of 

27 questions divided into three sections (in the first section the participants had to indicate the level of 

agreement with a sentence, on a scale from totally disagree to totally agree; the second section 

participants had to choose what most closely reflected their positions, from opposing concepts; the 

third section had 3 open questions for feedback). With these questionnaires we evaluated their 

awareness, motivation and capability to apply these principles. During the workshop training the 

facilitators took occasional notes of the most relevant insights. The in-depth interviews took place in 

June 2021 via zoom, using a semi structured guide with 5 open questions. 
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3.2 The Design Thinking model ñSocial Evolution 6ò 

In 2019, we developed a Design Thinking model for Social Innovation, called ñSocial Evolution 6ò 

(Moreira et al., 2020), designed with the goal of helping companies to work on corporate social 

responsibility, and potentially, to collaborate with public services for their own modernisation. 

Regarding the workshopôs context, the model was the relevant DT model to use as a base for social 

workersô training.  

The Social Evolution 6 model (SE6), is a natural evolution of the Portuguese Design Thinking model 

Evolution 62, developed between 2012 and 2015 (Tschimmel, 2018), and registered under Creative 

Commons, combined with the Social Innovation Spiral from NESTA. 

Taking into account these two ñmotherò models on which Social Evolution 6 is based, it also 

comprises 6 phases, and maintains the rationale of the letter 'E,' existing in the E6, both for Portuguese 

and English. There are many other DT process models developed in academic or business context, 

which consider 3, 4 or 5 phases, depending on the organizationsô approach. The major difference 

between all these models does not lie in the number of phases (which are frequently related to the ease 

of memorizing the modelôs name), but in the visual representation of the process and the integration 

of several DT tools. 

 

Figure 1. The Social Evolution 6 model - Design Thinking for Social Innovation 

Our Social Evolution 6 model consists of the following 6 phases (Moreira et al., 2020):  

- Empathy - Emerging challenges and social needs: explores challenges and needs that emerge 

directly from people and their circumstances, and the goal is to identify a problem to solve.  

- Exploration  - Generation of ideas: this phase is about exploring wild ideas and thinking in analogies 

in order to find ideas that will possibly be an answer to the challenge. 

- Elaboration - Prototyping, testing and development: materialising ideas and testing helps develop 

an idea further, transforming an idea into a concept. 

- Exhibition  - Presentation of the project: it is necessary to present the idea properly in order to garner 

the support on which it depends for its successful development. This presentation is at the level of 

content and form, which means that not only are the necessary tools developed for the idea to receive 

economic support, but also that the narrative develops to support the idea. 
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- Execution - Implementation and impact assessment: associated with the implementation and impact 

assessment, are sets of theories and tools that emerge exclusively from the social context, and which 

are used in practice. 

- Expansion - Systemic change: the final phase corresponds to the ultimate desirable impact, which is 

Systemic Change and it requires a complex interaction of culture, consumer behaviour, business 

practice, legislation and public policy.  

For each phase of SE6, we also propose a set of tools as a way to support the development of a 

project. The workshop programme was designed according to each phase and respective proposed 

tools. The Expansion phase was the only phase that wasn't considered, due to the research purpose 

and the training context.  

 

4 Workshop 

In March 2020, the authors were ready to start a programme of Design Thinking for Social Workers 

to be replicated in three regions of Portugal: the North, the Centre and the South. The promoter of this 

initiative as mentioned above, was the National Commission for the Promotion of Children and Youth 

Rights and Protection - CNPDPCJ - in the context of a project dedicated to Positive Parenting. This 

initiative was aimed at practitioners in the field of childhood and youth, integrated into several 

entities, both public and private.  

The designed programme comprised a 5 day-workshop for Social Workers (7 hour/day) and a public 

presentation to relevant stakeholders (Government representatives, Social Entrepreneurs, Managers of 

Social Innovation Hubs) in each region with the aim of developing local projects addressing children's 

rights and positive parenting.  

The first group (25 social workers) from the Northern region was scheduled for March 2020. 

Unfortunately, given the pandemic outbreak that occurred in the meantime, the last two days of 

training as well as the Pitch Day were postponed to September of the same year. This interruption led 

to the withdrawal of two of the participating teams. The remaining sessions were realised online, 

using Zoom and the collaborative platform Miro. This hybrid format was unexpected and made it 

difficult to familiarise all the participants with collaborative digital tools. All participants were 

unanimous in considering that these tools allowed a better visualisation of the contents than a mere 

Zoom call, even though it was not possible to use the Miro tool to its full potential. 

The training sessions for the Central region were also scheduled for March and were rescheduled for 

October 2020, when it was possible to carry out the entire programme in person, as well as the Pitch 

Day. The total number of social workers was 22.  

The Southern region sessions, initially planned for November 2020, took place in an exclusively 

online format in April 2021. A total of 15 social workers were involved. The Presentation Event - 

Pitch Day - took place in a webinar format. 

The design of the programme was determined by the Social Evolution 6 modelôs phases and consisted 
of the following activities: 
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Figure 2. Programme of the 5-day workshop 

 

At the beginning of the training, participants, who applied in teams, were posed with the challenge of 

building an initiative or social business that would fit the Local Plan for the Promotion and Protection 

of the Rights of Children and Youth of their city. 

 Accordingly, in each session, after a more theoretical contextualisation, we urged the participants to 

use several tools and templates, following the phases defined in the model. In the 1st phase the teams 

designed an Opportunity Mind Map to explore the knowledge about positive parenting and all 

information gathered by local diagnosis of their region/city, so that they could identify a problem or 

opportunity to explore. From there, the participants resorted to several techniques, mainly using 

templates designed or adapted specifically for this model, that guided them through the 5 initial stages 

of social transformation. In this journey, we highlight the use of Stakeholder Maps, Interviews, óHow 

Might Weô questions and a Social Business Model Canvas that supported a Pitch presentation on the 

final day.  

 

5 Findings 

The findings of our Research through Design come from two different perspectives: the social 

workers' perception (Questionnaires, Feedback tool I like / I wish and Deep Interviews) and the 

authors' analysis of their observations made during the workshops combined with the results from the 

questionnaires, informal feedback and interviews. The findings resulting from the several research 

techniques are complementary and added value to our final conclusions. 

Our observations were focused on the collaborative dynamics and engagement of the participants in 

the DT process, as well as the way participants applied the proposed tools. We perceived the social 

workers initially as very passive and expecting a traditional teaching format. As these social workers 

were not used to practical training, they had problems getting out of their comfort zone and adopting a 

more hands-on approach. Furthermore, we observed the participants had various difficulties in 

understanding and using the tools according to our instructions, and also understanding the context in 

which they could apply them. However, the tools presented were perceived by the participants as 

beneficial in helping them solve complex and challenging societal problems. 
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The initial questionnaire was answered by 40 social workers, but the final questionnaire was only 

answered by 21. The main reason was clearly the difficulties thrown up by the pandemic situation. In 

the following text, we describe the findings from these sources: 

At the beginning of the training, 27,5 % of the participants were not familiar with the DT process, 

40% claimed that they had heard about it but didnôt really know what it was about, and 10 % stated 

that they already used some of its tools. The remaining 9 people (22,5%) said they were familiar with 

the method.  

From the initial questionnaire it is possible to infer that the participants' expectations about this 5-day 

training were learning ñnew work methodologiesò and tools, having contact with new perspectives, 

and applying the method in projects with children and their families in the future. They also believed 

this was a method ñto look for innovative solutions to common/old problemsò and, as well, one that 

supplied much needed support for generating ideas and finding solutions for social problems. Some 

participants also mentioned the need to ñthink outside the boxò, to be more creative and that new tools 

could also be a way of motivating teams and beneficiaries of their organisations. In summary ñto be 

able to draw my ideas, in order to make them happen!ò 

The findings from the questionnaires applied both in the beginning and at the end of the training are 

divided into the 6 DT principles (1. Human Centred Approach, 2. Collaboration, 3. Openness to 

Risk/Permission to fail, 4. Holistic Approach, 5. Register of ideas, knowledge and process, and 6. 

Iteration), identified in the framework built for the questionnaire as mentioned above, and sub-divided 

into awareness, motivation and capability. There were also synthesis questions for each one of the 

principles. 

 

5.1 Human centred 

Awareness: Although discreetly, the results show an inclination towards the understanding that 

knowing how a problem affects people is one of the fundamental elements for solving it. At the end of 

the training more than 50% of the respondents totally agreed with the statement ñThe most important 

step in solving a problem is to understand how it affects peopleò. 

Motivation: The results show no particular improvement in terms of motivation for empathising with 

people affected by a given problem, and most of the answers ñagreedò or ñtotally agreedò with the 

claim ñWhen Iôm solving an issue, Iôm curious to understand how people are affected by this 

situationò. 

Capability: At the end of the five Design Thinking sessions, while answering the question ñWhen 

someone tells me how they are affected by a given problem, I can readily look at the situation from 

their point of viewò, trainees seem to be more moderate in self appraisal of their capacity to put 

themselves in someone else's shoes, since some answers shifted from ñtotally agreeò to ñagreeò or 

ñpartially agreeò. Although not particularly positive, we understand, also according to our observation 

during the training, that this type of evolution in answers may be due to a greater awareness of how 

their preconceptions about how a problem affected people may not be real. There is a realisation that 

it is necessary to go through a process of empathy to observe and question specific people affected by 

specific problems. 

However, trainees conclude overwhelmingly, in this part of the questionnaire dedicated to the Human 

Centred principle, that understanding how people are impacted by a problem is important or very 

important, and there has been a great evolution in terms of responses (Fig. 3). 
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Figure 3. Graphic result of the opinions before and after the training on the statement ñUnderstanding how 

people are impacted by a problem is éò 

 

5.2 Collaboration 

Awareness: From the question ñCollaborating with others is essential to create the best solutionsò, we 

conclude that trainees are more aware of the importance of collaborating with others, and the 

percentage that ñtotally agreesò that only in this way it is possible to create the best solutions, rises 

visibly, to more than 75%. Beside the Questionnaire, this perception is reinforced in the Deep 

Interviews. All interviewees underlined their higher awareness of the importance of collaborative 

work in innovation processes. 

Motivation: Likewise, the motivation to collaborate has significantly improved. In the question 

ñWhen solving problems, I actively seek other people's involvementò, people that ñpartially 

disagreedò disappeared and those who ñpartially agreeò diminished. The percentage of people that 

ñtotally agreedò rose to more than 45%. 

Capability: When answering the question ñMy abilities to create new solutions stand out more as a 

team than when working individuallyò, as in the case of the theme related to Human-Centred, there 

seems to have arisen a more acute awareness, self-analysis and moderation regarding the ability to put 

collaboration into practice and obtain better results. The number of people that ñtotally agreedò to the 

statement diminished and was replaced with people that ñagreeò or ñpartially agreeò.  

Trainees learnt from this formative process that working with others has more value than the opposite, 

placing all answers in the range from 6 to 8 (Fig. 4). 
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Figure 4. Graphic result of the opinions before and after the training on the statement ñWorking with other 

people is éò 

 

5.3 Openness to risk taking/ permission to fail (creative thinking) 

Awareness: To the question ñFailure is part of the problem-solving processò the results are slightly 

better in terms of the awareness, but they are not so expressive of change that definitive conclusions 

can be drawn. At the end of the formative process, the majority of people agree (38%) or totally agree 

(43%) with the statement. 

Motivation: The group reveals greater motivation for experimentation in the question ñI always want 

to try new thingsò. Those who ñdisagreedò and ñpartially disagreedò prior to the training disappeared, 

and the percentage of trainees at the end of the training that ñagreedò or ñtotally agreedò rose to 90%.  

Capability: Similarly, to previous themes, with regards to the ability to accept risk, there is a decrease 

in the number of people who say that they ñtotally agreeò with the statement, but there is also a 

decrease in the number of people who ñpartially disagreeò. The results look more judicious and 

realistic to the question ñI'm very comfortable with the risk inherent in trying something completely 

newò and more that 70% of the answers fell in the ñagreeò or ñpartially agreeò area.  

In the summary question, there is a clear indication that most trainees understand that failure is a form 

of learning (Fig. 5). 
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Figure 5. Graphic result of the opinions before and after the training on the statement ñFailure is something we 

should éò 

 

5.4 Holistic approach 

Awareness: Included in the Holistic Approach principle, the statement ñI think it's important to look at 

an issue from different perspectivesò demonstrates that the group grasped the concept that different 

perspectives are advantageous when analysing an issue. All disagreement with the statement 

disappeared at the end of the training, 39% of the people agreed and 61% totally agreed.  

Motivation: The answer to the question ñWhen I work on a given problem, I look for complementary 

or contradictory informationò does not show significant improvements regarding tolerance and/or the 

search for ambiguity. Most of the answers are similar to those at the beginning of the training and are 

in the partially to totally agree areas.  

Capability: The largest shift in responses was among those who ñfully agreedò with the statement to 

ñpartially agreeò (Fig. 6). The insight we have, from our observation, is that the work practices of this 

particular group of people is not very inclusive of divergent opinions and that these 5 full days of 

training are not enough to change that attitude and perhaps other groups got a better understanding of 

this situation.  
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Figure 6. Graphic result of the opinions before and after the training on the statement ñI get frustrated when I 

have to make commitments that integrate conflicting interestsò 

 

5.5 Register of ideas, knowledge and the process (Making things tangible) 

Awareness: The graphic (Fig. 7) shows clearly that people became more aware of the power of 

images and drawings to communicate. 

 

Figure 7. Graphic result of the opinions before and after the training on the statement ñImages and drawings are 

a great way to explain ideas and solutions to othersò 

Motivation: At the end of the training there are more people (38%) who disagree with the statement 

that ñImages and drawings distract me when Iôm trying to find a solution to a problemò. 

Capability: There doesn't seem to be a particularly positive evolution in the ability to think through 

design/sketches and prototypes, which obviously reveals that nobody can develop visualisation skills 
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in a 5-day workshop. The principle of registering ideas and knowledge (making things tangible) is 

probably one of the most difficult skills to develop in non-designers (Fig. 8). 

 

Figure 8. Graphic result of the opinions before and after the training on the statement ñI think about ideas and 

solutions and prototypingò 

 

5.6 Iteration 

Awareness: In this statement ñReflecting on the opinion of others only delays the search for a 

solutionò, trainees evolved in their position. At the end of the training, 85% of the group ñdisagreesò 

or ñtotally disagreesò with the idea that considering othersô opinion delays solutions versus 60% prior 

to training.  

Motivation: Likewise, the number of people who ñtotally agreeò with the statement ñIn a creative 

process, I believe in taking two steps backward to take three steps forwardò has increased from 30% 

to 48%. 

Capability: The percentage of people who fully agree with this statement after training has increased 

from less than 10% to almost 40% (Fig. 9). In fact, we believe, based on our observation, that people 

were able to verify that the DT process, having reached the goal of building a new project, often 

involved iterating between ideation and idea selection. 



 

187 
 

 

Figure 9. Graphic result of the opinions before and after the training on the statement ñI walk ñback and forthò 

between evaluating available options and coming up with new ideasò 

 

5.7 Findings from open questions 

Regarding the open question, posed in the end Questionnaire (Q), ñWhat advantages do you see in a 

process that uses Design Thinking in the work you develop in the area of 

intervention/participation/social work?ò, and also including some insights from the Deep Interviews 

(DI), the most interesting answers can be clustered as follows: 

5.7.1 Human-Centred 

Q: ñThe advantage is that this process focuses on the human, from the perspective of who is the user, 

in social work it is important to know the problem that afflicts the context/individual and intervene 

directly in the problem in order to improve the individual's quality of life and consequently society.ò 

Q: ñAbility to give óvoiceô to all stakeholders and create negotiated and shared solutions.ò 

5.7.2 Collaboration  

Q: ñTeamwork is very beneficial and all the steps to be taken to reach a solution are very important.ò 

Q: ñIt is very creative, an igniter of new ideas, actively involves a team, stimulating.ò 

DI: ñNow I tell people that DT is a óglueô that helps to gather contributions from different people and 

perspectives.ò 

5.7.3 Openness to Risk Taking/ Permission to fail (Creative Thinking)  

Q: ñIt is a creative methodology that helps to think outside the box which is very necessary for social 

work that is too standardised for a certain way of working.ò 

Q: ñCreativity and new solutions.ò 

Q: ñIt helps to óget ideasô, to look at the problem in a different way and in the process realise that it is 

possible to intervene using more creative approaches.ò 

DI: ñI enjoyed the challenge of looking at the same things I've been looking at for a long time, but in a 

different way, shaking them. Like grabbing the same thing but grabbing it in an innovative way. It's 

fun, and very difficult.ò 

5.7.4 Holistic approach  

Q: ñWe were able to see a given problem from different perspectives and then find more than one 

solution.ò 

DI: ñThe Stakeholder Map is very important for us as we work with many different partners, and it is 

valuable to quantify and qualify relationships.ò 
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5.7.5 Register of ideas, knowledge and the process (Making things tangible)  

Q: ñA more realistic and promising process.ò 

Q: ñHelps to structure ideas, understand problems and create solutions.ò 

Q: ñI think it is important, as it makes us reflect, to have a concrete idea of the whole process and it is 

easier to find solutions.ò 

Q: ñHelps gather ideas to prepare a project, evaluating all the issues, not dispersing us, and focusing 

on the essential.ò 

Q: ñAssertiveness, better time and resource management.ò 

DI: ñYou, for me, have become an equation: this structure works and causes change in the community 

or wherever we want to apply it.ò 

 

5.7.6 Iteration  

There was no relevant answer that would have led us to a meaningful conclusion. 

Regarding the question about obstacles in using Design Thinking tools to develop ideas or solve 

problems in the area of intervention/participation/social work, we can summarise most of the 

comments with these testimonies: 

Q: ñThe lack of knowledge of the existence of these tools by the vast majority of workers in the social 

area and families, prejudice towards the use of this method, and resistance to change, in my opinion, 

are the biggest obstacles.ò 

DI: ñIn normal work processes, most social workers believe they already have a deep understanding 

of the problems, and thus act on preconceived ideas.ò 

In short, since most of their peers did now have access to this training, many people saw ingrained 

work habits, and also lack of financing, as the biggest obstacles for implementing DT tools in their 

daily work routine. 

 

 

Figure 10. Picture of the I like / I wish tool at the end of the first 3 days of training with the Northern region 

group  

 

Regarding the tool I like / I wish (Fig. 10), used to gather feedback from the trainees, it was clear that 

the most common denominator in terms of the things that people appreciated were the ñdynamics'' of 

the training itself. Also mentioned were sharing among participants and the discussion moments, 

creating prototypes and getting to a final presentation for the Pitch Day. Citing one of the social 
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workers ñI liked better understanding the importance of having a model that guides our intervention; 

to follow the steps and not rush to the solution; to work in a team; to prototype; éò. 

As for what people would like to have had in this training, most answers referred to the lack of time to 

explore the support materials and tools, to incubate ideas, to iterate more using the prototypes and also 

more time to discuss with the project team with the dedicated attention of the DT facilitator. 

Nonetheless, one of the participants wrote: ñI would like to have more time, but I also understand that 

this way forces us to focus on the goalò.  

 

6 Research limitations  

This research was conducted during the Covid-19 pandemic and obviously it had an impact on various 

aspects of the scheduled programme. These series of workshops, initially designed to take place in 

person, at three different times of the year and in three different locations, had to be adjusted several 

times in order to follow the safety measures against the virus. What happened was that the first 

workshop was 3 days in face-to-face format and 2 days adapted for online, the second workshop was 

fully face-to-face and the third fully online. 

Due to the uncertainty and the short time to adjust to the preventive measures imposed by the 

Portuguese Government, the number of participants was lower than expected, as was their availability 

to fully participate, due to remote work and the adjustments that each institution also suffered. It is 

important to take into account that many of the participants work in institutions where there are 

several risk groups such as the elderly and children. Many of them also had to be in preventative 

mode because abuse and risk situations for children and youth rose significantly during lockdown. 

This situation, unfortunately, also affected the quantitative participation in our questionnaires (from 

40 before the training to 21 after the training).  

 

7 Conclusions 

This paper provided a theoretical and practical approach to Design Thinking as a method to change 

the mindset of Social Workers, improving their way of collaboration and developing innovative 

projects through design culture. 

Based on the Questionnaire answers, our conclusion to the main research question ñCan Social 

Workers be Design Thinking practitioners?ò is that there isnôt a huge positive evolution in trainees 

as Design Thinkers. However, through our observation and informal dialogue with the participants, 

the feedback received in the I like / I wish template and the in-depth interviews demonstrate in some 

aspects (awareness, motivation and learning) many benefits for the social workers mindset, regarding 

collaboration, empathy and creative thinking (divergence, playfulness, experimentation, etc.).  

Regarding the supplementary question ñWhat is the impact of the workshop on the social workersô 

mindset regarding awareness, motivation and self-appraisal of their ability to apply DT?ò our 

conclusions are as follows: Concerning the ñHuman-Centredò principle, the trainees seem not to 

have gained much more motivation or ability to put themselves in the shoes of others, however they 

clearly recognise that this is a fundamental step towards building social innovation solutions. There 

seems to be a better self-perception of each trainee's real competence in empathetic thinking. With 

regard to ñCollaborationò there was a clear improvement in awareness and motivation of the 

advantages of working together and a moderation in the self-perception of competence. We believe 

that most of these professionals had never faced this kind of creative working environment and 

realized that their usual practices were not really collaborative (even when developed in a team) and 

that their perspectives about social problems do not correspond to the beneficiaries' perspectives (the 
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people they work for). Nonetheless, we are convinced, giving the participantsô motivation, that if 

institutional obstacles are overcome, these practices can become integrated and part of social workers' 

mindset. 

 On the subject of ñExperimenting and accepting risk and failureò, there seems to be a slight 

improvement in awareness, an improvement in motivation and a greater moderation in response as far 

as ability is concerned. However, the participants seem to have ñlearnedò this concept. There doesn't 

seem to have been much learning about a holistic approach to problems that integrates different views 

or even conflict. The participants recognise that it is necessary to look at different perspectives but do 

not understand the need for uncertainty and opposing views. There seems to be more awareness and 

motivation for using visual tools to register ideas and knowledge during the creative process. 

However, there was no improvement in competence and learning of how to visualise ideas (drawing 

and prototyping). 

It was unexpected for us that the evolution of self-appraisal of participantsô capabilities in some skills 

related to the main principles of DT was negative. Nevertheless, upon critical reflection on the results, 

we concluded that somehow these results reflect a more judicious evaluation of their own capabilities. 

Often, in the learning process, trainees become aware of what they do not know and realise, in the 

process, the skills that they lack to work on.  

Regarding the question of how motivated social workers are to innovate, after going through a Design 

Thinking training, the questionnaires and interviews let us conclude that the social workers are very 

motivated to learn more about the Design Thinking process (by expressing high enthusiasm and belief 

in the power of DT), but that they still do not see a context for the practical application in real 

projects. The obstacles they identified are related to the resistance to change of the social institutions, 

the lack of finance and the lack of DT knowledge/training of their peers. The motivation and desire to 

learn more from the DT method was demonstrated by 3 requests we received after the workshops 

from different social institutions to facilitate DT workshops in other contexts. We have already 

answered two of these requests by the realisation of a workshop for the Red Cross and another for 

ASAS - Santo Tirsoôs Solidarity and Social Action Association.  

Concluding with which elements of the design culture and which kind of DT tools, social workers will 

be able to integrate easily in their daily life, our findings have shown that the social workers evaluated 

very highly the dynamic and systematisation of the DT process, the collaboration, human 

centeredness and the divergent thinking. The participants recognised clearly that Design Thinking 

focuses on establishing an innovation-friendly climate in their organisations, for the long-term, and 

they are willing to advocate for it. Concerning the DT tools, the in-depth interviews revealed that in 

general the social workers donôt remember the name of techniques they applied in the workshop, with 

exception of the Opportunity Mind Map, Stakeholder Map and the Cause Diagram, probably because 

these tools are in a way connected with their common ways of working and most pressing concerns. 

This research was essentially conducted to give us an understanding of how to improve social projects 

through our Design Thinking knowledge. Thus, as a creativity and design consultancy we, of course, 

asked ourselves how we could make the Design Thinking process more comprehensible for social 

workers. By the end of this study phase, we conclude that our Social Evolution 6 model needs to be 

improved, above all in relation to the specific language and to the templates used in the training 

sessions. At the moment, one of the authors of this paper is involved in a series of follow-up events 

and is aware of the work some of the participants are developing. There are some promising signs, 

however it is still too soon to evaluate the long-term impact.  

In future workshop programmes, in order to make the process more comprehensible, we will 

concentrate more on a learning by doing approach and leave theoretical explanations of DT principles, 

models and tools behind. As a next step in our research, after improving some templates and the 
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workshop programme, we will run a workshop with the social and private sector in order to test the 

improvements and develop tools to follow up and measure impact of the 1) learnings from the 

workshops, 2) projects created during the workshops, and 3) future projects developed by the 

participants.   

Regarding the topic of the DTRS13 conference, the usefulness of the expansion of Designôs 

boundaries, based on our training experience with the social workers, we consider the expanding of 

design frontiers to clearly be a blessing for social institutions and also for all kind of other 

organisations, as the DT process and tools helps them to think more empathetically, collaboratively 

and creatively. For designers, the extended perception of Design and the recent Design Thinking 

boom, which goes beyond Social Innovation, is a great opportunity to export their process knowledge 

to other domains. Not only can and should the designer be a member of social innovation teams, but 

often he/she could take on the role of a facilitator in the development of innovative projects, guiding 

ósocial innovation agentsô or providing training on Design Thinking procedures and techniques for 

social environments. 
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Abstract. Co-design is a powerful methodology to incorporate older adults into the design of new technologies. 

It has been less commonly used in robot design processes, especially with older adults. Embedded in our work 

of a year-long co-design process with older adults, 28 participants between the ages of 70 and 94 engaged in a 

rapid-prototyping session to design social robot interactions using a flow-based programming interface. In this 

paper, we explore the rapid-prototyping session investigating how older adults design robot interactions 

supported by lived experiences with technologies, and how older adults relate to being robot interaction 

designers after the rapid-prototyping session. Results demonstrate the impact and value of incorporating co-

design rapid-prototyping methods that empower users to design and program social robots. Our results strongly 

advocate for co-design methodologies that empower users, such as older adults, and expand the boundaries of 

technology design. 

 

Keywords: co-design, older adults, rapid-prototyping, social robots, technology design 

 

 

1 Introduction  

Design research has become embodied in many fields including engineering, human-computer 

interaction (HCI), and human-robot interaction (HRI) to address wicked problems (Rittel & Webber, 

1973; Zimmerman et al., 2007). Through this process, the technology design boundaries are 

expanding, creating bridges with and enhancing design (Dorst, 2019). With this approach, it is critical 

to remain mindful of the design space and stakeholders and how these vary between social context 

and culture (Bucciarelli, 1996; Wallach & Allen, 2008). By empowering users and creating spaces for 

them to work within design teams (Ostrowski et al., 2020), we can engage with users in a more 

meaningful way during the design process than has historically been done in user-centered design 

(UCD). Recognizing the need for researchers to understand how people will engage with robots and 

how they wish for them to be designed (Jung & Hinds 2018), approaches, such as UCD and human-

centered design (HCD), are increasingly being applied to HRI. While both involve users, UCD often 

limits usersô role to informants and HCD upholds them as main contributors in the design process and 

integrated members of design teams (Buchanan 2001; Lee et al. 2017). Related to HCD, co-design 

and participatory design uphold these values by incorporating users into the design process, 

amplifying their voices, and empowering users as purposeful contributors (Braa, 1996; Ertner et al., 

2010). Co-design frameworks such as experience-based co-design demonstrate the value of 

leveraging peopleôs lived experiences in the generation and design of new devices (Harrington et al., 

2018; Sanders & Stappers, 2008). 

Older adults have been incorporated into co-design of new technologies (Harrington et al., 2018; Lee 

et al., 2017; Lee & Coughlin, 2015), but this methodology is less common in robot design processes 

(Björling & Rose, 2019). Within a year-long co-design process with older adults (Ostrowski et al., 

2021a), we engaged older adults in rapid-prototyping of social robot interactions. Social robots are 

physically embodied, emerging relational AI technology that leverage verbal and nonverbal social 
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modalities to engage with users (Breazeal, 2002). Our previous work on the year-long co-design 

process focused on the development of the process promoting co-design within HRI and providing co-

design guidelines for future HRI research (Ostrowski et al., 2021a) and exploring how participants 

incorporate stories in co-design processes (Ostrowski et al., 2021b). With this work, we deeply 

explore the rapid-prototyping session embedded in the year-long co-design process. The overall 

contribution  of our work is to discuss how older adults as co-designers can expand the boundaries of 

design for technologies such as social robots. Our work was guided by the following research 

questions around older adults as co-designers: 

- R1: In a rapid-prototyping session, how do older adults design robot interactions supported by lived 

experiences with the technology? 

- R2: How do older adults relate to being robot interaction designers after engaging in rapid-

prototyping of robot interactions? 

 

 

2 Background 

2.1 Understanding Who Designs and Who Gets to Design 

Design researchers have studied design through various lens, such as framing problems and solution 

spaces (Patton & Dorst, 2011; Dorst & Cross, 2001), prototyping (Cross, 1999a; Ullman et al., 1990; 

Houde & Hill, 1997), and building capacity (Cross, 1972; Coyne, 2005). Users have also been studied 

in design research and are perceived, conceptualized, and included differently in varying design 

methodologies. Perhaps the most common design approaches that are highlighted in HCI and HRI 

include UCD, user experience (UX) design, service design, and participatory design, which will be 

covered in turn.  

UCD emphasizes that users are included in the design process focusing solely on usability (Buchanan, 

2001). Criticism of UCD has highlighted that UCD promotes a ñnarrower focus on peopleôs roles as 

usersò, rather than a focus or ñconcern for peopleò which is what HCD promotes (Steen, 2011). UX is 

similar to UCD as they both focus ñalmost exclusively on the óuserôs needs and desiresò, often focus 

ñon the design of a single computational systemò and take ña product design perspectiveò (Forlizzi & 

Zimmerman, 2013), rather than the perspective of a sociotechnical system in which the product will 

operate within. Jordan (2002, p.12) outlines limitations of user-centered approaches like UCD and UX 

highlighting that ñthe problem with usability-based approaches is that they encourage a limited view 

of the person using the product. This is ï by implication if not by intention ï dehumanizing.ò  

In contrast, HCD approaches incorporate participants as main contributors to the design process 

(Buchanan, 2001) ï examples are service design and participatory design approaches. Service design 

examines a problem space and context holistically analyzing the underlying relationships, roles, and 

agendas of stakeholders involved in the design process (Forlizzi & Zimmerman, 2013). A key focus 

of service design is the co-production of value for both service providers and customers. The output of 

service design is a meta-design: ña set of interactions across stakeholders, service agents, customers, 

and many computational systemsò that prompts designers to consider more than just technology 

design but societal level challenges as well (Forlizzi & Zimmerman, 2013). Participatory design 

(discussed further in Section 2.2) supports involvement in the design process as a two-way 

collaboration process between researchers/designers and participants and recent conversations have 

emphasized the importance of revitalizing participation in participatory design with a focus on 

ñparticipatory designé[as] a tool to help people influence important matters in their livesò (Bßdker & 

Kyng, 2018). This calls for the partners, or participants in a design project, being the major drivers of 
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the process and researchers taking on a role of both an investigator and an activist (Bødker & Kyng, 

2018).  

The perspective of users in participatory design, service design, UX, and UCD demonstrate how users 

are valued and perceived in various ways that can impact how designers engage in the design process. 

In addition to focusing on who designs and how people are incorporated and perceived in the process, 

it is also critical to consider how people who participate in technology development are valued. For 

example, Loyotard (1986, p.9) asks, ñwho decides what knowledge is, and who knows what needs to 

be decided?ò Questions like this open the door to consider how co-designers are incorporated into 

design processes and how does their knowledge contribute to design research. 

 

2.2 Co-Design and Participatory Design Values 

Participatory design and co-design are often used interchangeably but ñthe practice of collective 

creativity in designò is rooted in the participatory design that emerged 40 years ago in Scandinavia 

(Sanders & Stappers, 2008). The first research projects in the 1970s were focused on engaging 

workers in workplace design and development, specifically engaging both ñthe expertise of the 

systems designers/researchers and the situated expertise of the people whose work was to be impacted 

by the changeò (Bjºrgvinsson et al., 2010). Participatory design has been centered around this tenet of 

empowering or emancipating workers or users in other contexts, highlighting the value for democratic 

ideals (Ertner et al., 2010). Cross (1972, p.11 at the Design Research Society Conference) also 

espoused the responsibility that designers have to include users in design processes to better address 

ñwicked problemsò (Rittel & Webber, 1973) in society: ñProfessional designers in every field have 

failed in their assumed responsibility to predict and to design-out the adverse effects of their projects. 

These harmful side effects can no longer be tolerated and regarded as inevitable if we are to survive 

the futureéThere is certainly a need for new approaches to design if we are to arrest the escalating 

problems of the man-made world and citizen participation in decision making could possibly provide 

a necessary reorientation. Hence this conference theme of óuser participation in design.ò When 

bringing users into the design process, it is critical to consider how users will be supported in the 

design process and how their contributions and innate knowledge is valued by researchers and within 

the design process and output. 

Participatory design approaches, such as experience-based co-design, build upon prior technology or 

lived experiences and environmental knowledge of participants and co-designers to support idea 

generation and development of new devices (Harrington et al., 2018). Empowerment is a critical 

component of participatory design aligning with its democratic ideals (Ertner et al., 2010). Ertner et 

al. (2010) outlines five enunciations of empowerment in todayôs discourse of participatory design: 

enunciation as (1) ñconcrete improvement of the life conditions of a specific demographic groupò, (2) 

ñan enablement of citizens to participate democratically and gain direct influence on political and 

social mattersò, (3) ña strengthening of the userôs position on behalf of other dominating factors in the 

participatory design frameworkò, (4) ñreinforcement of the researcherôs ability to negotiate access in 

the practice of participatory designò, and (5) ñdependent on the practitionersô ability to expose the 

design practice to a reflexive analysis of how discursive conditions for knowledge production shape 

the process and the achieved results.ò Our work focuses on this third enunciation of empowerment, 

working to address power imbalances between researchers and co-designers, or experts and novices in 

the lens of robot interaction design. It also supports and advocates for older adults to be included in 

HRI robot interaction design, ensuring that they are empowered and respected in design processes 

with a voice in the design of technology as these technologies will influence their world (Knowles et 

al. 2021) The robot rapid-prototyping sessions expand beyond users ñsimply uttering wishesò (Ertner 

et al., 2010). Situating this session within a year-long co-design process also promotes sustained user 



 

196 
 

engagement in the process (versus sporadic engagement) to better support user empowerment and 

users directly influencing designs and the design process (Ertner et al., 2010; Ostrowski et al., 2021a). 

Shifting power dynamics and supporting participant empowerment can promote joint inquiry and joint 

imagination in the design process for improved idea generation and increased user satisfaction in the 

final design product (Steen, 2013).  

 

2.3 Participatory Design & Prototyping in HRI 

Participatory design methods are not yet commonly used in HRI (Björling & Rose, 2019). Studies in 

HRI have utilized participatory methods such as workshops and/or design sessions (Ostrowski et al. 

2019; Lee et al., 2017; Björling & Rose, 2019), card sorting (Ostrowski et al., 2019), sketching (Lee 

et al., 2017), storyboarding (Björling & Rose, 2019), role-playing (Björling & Rose, 2019), and low-

fidelity prototyping (Björling & Rose 2019; Lee et al., 2017). Ostrowski et al. (2019) and Lee et al. 

(2017) have specifically engaged with older adults in participatory design workshops including an 

experience with a social robot (Ostrowski et al. (2019) was a 3 week-long experience; Lee et al. 

(2017) dedicated a workshop to learning about social robots), card-sorting, and sketching. These 

participatory design workshops did not engage older adults in prototyping interactions on a social 

robot and/or did not provide an opportunity for older adults to interact ñliveò with their designed 

interactions on a social robot. Our work sought to explore how to more deeply engage with older 

adults in the co-design process with older adults living with a social robot in their homes long-term 

and engaging in a hands-on rapid-prototyping experience. While participatory design and co-design 

can shift power dynamics and empower participants resulting in successful design outcomes, it can be 

challenging to keep participants engaged in the process and/or feel valued in the design process. An 

additional challenge for HRI is that there is a lack of methodologies and robot platforms that allow for 

prototyping and programming of the robot by non-experts that can often limit robot design that 

supports experience-based co-design. Our work incorporates a rapid prototyping experience to help 

support older adultsô experience in the co-design process and promote older adults feeling valued in 

the design process. 

 

3 Methodology 

Over the course of a year, twenty-eight older adults, ages between 70 and 94 (mean: 79.5, std: 7.8; 

female N=15, male N=13), participated in the co-design process (Ostrowski et al., 2021a). The co-

design process had 7 stages including interviews, artmaking, hosting a social robot in participantsô 

homes, prototyping interactions on the robot, and creating design guidelines for future robot designs 

(for more details see Ostrowski et al., 2021a). The robot rapid-prototyping session occurred after the 

robot hosting experience where participants lived with a robot in their homes for at least a month, 

gaining an understanding of what it would mean to live with a social robot and allowing participants 

to create a mental model and knowledge of social robots and their desired functions. Participants lived 

with a conversational social robot, Jibo (shown in Figure 1), in their homes for at least a month. The 

robot has a lively persona with touchscreen and a three degree-of-freedom expressive body and has 

interaction functions such as chit-chat, physical and mental activities, information retrieval, 

entertainment, daily check ins, etc. The goal of the rapid-prototyping session was to build upon the 

mental model and knowledge of the robot gained during the robot hosting session to allow 

participants to independently prototype interactions on the robot in real-time, embodying participantsô 

desired functions for the robot.  
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Figure 1. Participants programming desired interaction designs using the Interaction Flow Editor (Huggins et 

al., 2021) that can play interactions ñliveò on the social robot. Researchers were also present to support 

participants in programming the robot 

 

In the session, participants learned how to program the robot, designed interactions for the robot, 

played the interactions live on the robot, and iterated upon the interactions until they represented their 

ideal interaction. The session included multiple components to allow for iteration and tactile 

prototyping through programming the robot. The structure of the session included two components. 

Before the session, participants reviewed a script of 14 proposed interactions that could happen with a 

robot throughout a day. The script covered potential robot application areas including assistant-like 

and companion-like functions, medication adherence, emotional wellness, exercise, memory support, 

and mediating social connection with others. Participants edited the scripts and shared their thoughts 

with researchers on the interactions. These revised interactions served as a foundation for the activity. 

Researchers incorporated the participantsô interaction drafts into the robot to provide a baseline for 

participants to work from in the session. This provided one round of iteration. The second round of 

iteration occurred during the rapid prototyping session using the Interaction Flow Editor (Huggins et 

al., 2021). The interaction flow editor is a graphical rapid-prototyping tool for robot interaction 

developed by the Personal Robots Group at the MIT Media Lab to empower more people to program 

social robots. Participants saw their first iteration of the interactions on the robot in real-time and then 

could iterate them by programming the robotôs interaction as many times as they would like to reach a 

desired interaction design (Figure 1). To support participants in programming their own interactions, 

the researchers led participants through a demo of the flow editor and participants completed a tutorial 

to familiarize themselves with the tool. After the demo and tutorial, participants began to program 

their interactions. After each interaction, participants were asked what they thought about the 

interaction and what they would like to change about the interaction. Researchers also asked 

participants questions about the overall process and experience after all the interactions were 

completed. Questions included what participants thought about having the designed interactions 

portrayed on the robot, what changes participants decided to make and why, what they thought about 

their final set of interactions designed on the robot, what participants thought was the next stage of 

development for the interactions, and what did they think about the process of programming the robot. 

Lastly, participants reflected on the session discussing what they liked about the robot rapid-

prototyping session and what they would change about the session.  

This session lasted on average 79.37 minutes and was audio and video recorded. Of the 28 

participants in the co-design process, two were unable to participate in the robot prototyping session 
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and two couples decided they would like to design the interactions together. Therefore, there was a 

total of 24 rapid-prototyping sessions. The dataset includes screen recordings of the prototyping 

session, transcripts, and the designed interactions. The interactions were annotated by two researchers 

and analyzed for changes made across each iteration (such as adding, modifying, or deleting flows) 

and the overall design concept. Participantsô discussions on questions they had as they learned to 

program the robot, what it meant to be a robot programmer, and design interactions were also 

analyzed. The two researchers discussed the results and resolved any disagreements, similar to Daly et 

al.ôs (2012) coding approaches. 

 

4 Results 

Participantsô lived experiences with the social robot provided them with references and ideas to 

design, create, and build their ideal interactions for the social robot. Analysis revealed several key 

areas of focus including participantsô question asking behavior, core design actions, and reflections on 

the co-design process. 

 

4.1 Questions 

Throughout the activity, participants asked questions as they learned to program the robot, including 

about the process of programming a robot and how to conceptualize a design idea. A thematic 

qualitative analysis approach was used to extract themes (Braun & Clarke, 2006) in the questions 

asked by the participants. Older adults asked a total of 47 questions across 6 different areas (Table 1). 

Questions throughout the sessions demonstrated how participants further deepened their knowledge 

about programming social robots and how best to embody their design in the robot interactions. 

 

Table 1. Types of questions older adults asked while designing the robot interactions  

Question Type Definition Example 

Robot Behavior 

Clarification 

Questions regarding the robot playing out the 

interaction. 

ñCan I ask you a question? When 

he starts talking is that in response 

to something I've done or he just, 

has like motion detectors?ò (P01) 

ñThe light ringéare we talking 

about the blue light [on the 

robot]?ò (P29 & P31) 

Editor Tool 

Clarification 

Questions regarding the flow editor on the screen 

and its usage such as about restarting the flow, 

saving the flow, moving blocks, block meanings, 

connecting blocks, typing in the flow editor, and 

volume adjustment. This theme also related to 

questions about how the user locates themselves 

in the system and how the interaction editor flow 

translates to the embodied robot. 

ñWhere do you save?ò (P13) 

ñCan I move that up further?ò 

(P08) 

Instruction 

Clarification 

Questions asking for clarification on the process 

or steps the participant should be doing in the 

session. 

ñSo what you want me to do is 

come over here and add a box?ò 

(P05) 

Interaction Design 

Clarification 

Questions that are asking how to achieve a 

specific feature or action in the robot or the 

context the flow would occur in. These tend to be 

more future focused then what can currently be 

ñWill that be connected to my 

schedule?ò (P14 & P15) 
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done in the prototyping phase. 

Expertise Questions about the researcherôs programming 

background. 

ñSo what's your training for this?ò 

(P07) 

Error Questions for what happens if the participant 

makes an error 

ñWhat if I make a mistake?ò (P01) 

Programming Questions strictly related to the robot's 

programming.  

ñSo does he, is he programmed the 

same way [as the flow editor]?ò 

(P25) 

 

4.2 Core design actions 

Between iterations and during the session, participants refined their interaction flows (Figure 2) and 

iterated upon them (Figure 3, 4, and 5), using a multitude of design changes to best create their 

intended interaction for the social robot. Researchers analyzed the flows to identify how participants 

were refining their interactions, revealing 6 core design actions that participants used: (1) 

adding/deleting comments that provided notes or added context to the interaction scenario; (2) 

adding/deleting action/speech boxes (therefore, adding or removing actions for the robot to complete); 

(3) deleting an interaction; (4) adding/removing back and forth conversation between user and robot; 

(5) adding/deleting branching allowing/disabling for multiple types of responses; and (6) rewording 

speech boxes (therefore, rewording the robotôs speech in the interaction). Examples of some of these 

core design actions can be seen in Figures 3, 4, and 5. 

 

 

Figure 2. Examples of programmed interactions created by participants. The programmed interaction on the left 

is a robot interaction that has the social robot provide a dinner recipe to the user. The programmed interaction on 

the right has the robot describe the dayôs events and provides a reminder and any necessary help with 

medication 
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Table 2. Older adultsô core actions during rapid prototyping interactions on the robot 

Action 
Percentage of  

Older Adults 
Corresponding Action 

Percentage of  

Older Adults 

Adding comments 50% Deleting comments 41.7% 

Adding action/speech 

boxes 
62.5% Deleting action/speech boxes 50% 

Adding back-and-forth 

conversation 
41.7% 

Removing back-and-forth 

conversation 
20.8% 

Adding branching 20.8% Deleting branching 41.7% 

Deleted interaction 45.8% - - 

Reworded speech boxes 91.7% - - 

 

In addition to these smaller iterations to the flows, participants combined core actions together to (1) 

significantly change the interactionsô intent or the focus after seeing it ñliveò on the robot by moving 

boxes or rewriting the text and/or (2) remove robot proactivity, i.e., robot initiation, of the interaction. 

Participants would also change the connotation of the interaction utilizing the 6 core actions such as 

making the interaction more or less conversational and social, or incorporating in assistant-like tasks. 

Overall, participants made 267 core actions to their flows (average of 11 (standard deviation: 5.2) core 

actions per person). A detailed breakdown of the 6 core action presence in older adultsô prototyping is 

in Table 2. 

 

 

Figure 3. P09ôs flow iterations that depict an interaction where the robot reviews the userôs schedule for the day 

and reminds them about their medication. In the first iteration, P09 personalized the medication to be taken and 

included options for getting information on the medication dosage and the user confirming with the robot that 

the user took the medication. In the second iteration, P09 modified the interaction to only have a reminder for 

the medication (no dosage information) and kept the user confirming with the robot that they took the 

medication. The user can also inquire later about medication information as desired 
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Figure 4. P22ôs flow iterations for a robot interaction at the start of the day. In the original interaction, the robot 

wakes up the user and asks how they sleep with additional responses based on the userôs response. P22 did not 

iterate the interaction in the first iteration. In the second iteration, they deleted parts of the flow to simplify the 

interaction with the robot asking if the user was awake and then leaving the user for a user-defined period of 

time, instead of inquiring about the userôs night of sleep 

 

 

 

Figure 5. P11 and P12ôs flow iterations for an interaction where a friend sends the user a message and the 
robot reads the message aloud to the user. P11 and P12 modified the interaction in their first iteration to be more 

direct through text rewording in the ñJibo-Speakò block. In the second iteration, P11 and P12 expanded the 

interaction to include the robot asking if the user wants to reply to their friend, transcribing the reply that the 

user desires to send, and, then, sending the reply to the friend 
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4.3 Reflections on programming robots 

After programming the robot, participants reflected on the difficulties and concreteness of the design 

process and how the experience empowered them and increased their knowledge of social robots. A 

grounded theory qualitative analysis approach was used to reveal salient themes (Charmaz, 2014) in 

18 participantsô reflections (4 participants did not answer these questions). Analysis revealed five key 

theme areas that older adults reflected upon including (1) reflections on the flow editor rapid 

prototyping system, (2) the impact of seeing programmed interactions live on the robot, (3) how the 

session empowered them in the design process, (4) feeling like a non-expert, and (5) how the 

experience translates to the future. Forty-four percent of participantsô reflection described aspects of 

the flow editor system such as the ease-of-use of the editor, how the system provided the ability to 

change or adapt the robot interactions, what was difficult to operate in the system, and sometimes 

doubting if they used the system ñrightò (P02). Participants also mentioned how the robotôs 

embodiment or ability to play out interactions or program live with the robot impacted their 

experience of the design process (50%). P02 commented, ñwhen they heard [the interaction from the 

robot], it's more realistic. When you heard it, you could really feel how it's going.ò and P18 and P19 

mentioned, ñit helps to have the written word translated into Jibo. And then seeing Jibo and how it 

would work.ò Most participants commented on the helpfulness of seeing the interactions embodied on 

the robot and how that feature played a key role in their design iterations. Seventeen percent of 

participants also commented about how the rapid prototyping experience could translate into the 

future. P05 commented, ñ[the prototyping] lays out a pathway to the future [in the robot design]ò and 

P08 mentioned how they could interact with prototyping in the future saying ñémaybe if I went over 

it again three more times and Iôd make a correction on her [the robot]ò while acknowledging that ñI 

think basically [the rapid prototyping] worked well.ò 

In addition, participants interwove their experiences living with the robot prior to the rapid 

prototyping session to further describe their designs on the robot. These often took the form of stories 

that participants used to convey a point relevant to the programming of the robot (see also Ostrowski 

et al. 2021b). P07 described how ñin some ways Jibo was very realistic.ò They proceed with a story: 

ñHe [the robot] likes to play [dice]. The first time I said yes, letôs play [dice], it was so realistic. I 

thought the dice were going to fall on the floor. It was so loud. And when I showed my friends that, 

they canôt believe this.ò P07 followed up with this to reflect on the programming and co-design 

experience: ñI think Iôm contributing something. When my friends asked me what have you been 

doing? I say, well, I go to [MIT]éand we discuss these thingséWell, I used to say this, I donôt think 

Jibo was very intellectual. If he was able to do [these programmed things], sure. But I donôt think he 

has the brain power to do any of these things [these programmed things].ò P25 also highlighted a 

story around living with the robot: ñItôs kind of nice to have some interaction and heôs made us laugh 

a bunch of times éEvery once in a while youôre just sitting there and youôre ignoring it, itôll draw a 

pictureéò They then discussed the value of personalization: ñThis [the robot] is much cuter and much 

more personal and if you can program it and design it for what you needéI donôt know what I can do 

with that cause I havenôt really explored itéò Later on in the conversation, P25 revisits talking about 

programming, ñEven though [programmingôs] simpleéitôs a lot of work to program eachébecause 

there are so many branches that you can go off on andéthese choiceséThereôs just way too many 

layerséItôs like so many subtle things. That would be hard. That would be difficult.ò These depict 

examples of how participants weaved stories of living with the robot into designing and discussing 

new features of the robot, what needs to be programmed, and how they are contributing to the design 

process.  

Throughout the activity, participants referred to themselves as ñnon-expertsò in programming, 

doubting their ability to program the robot or perceiving the experience as an educational opportunity 



 

203 
 

(38.9%). P07 commented to the researcher in the session, ñI don't know exactly what you're doing 

because you're the designer.ò, and P29 and P31 commented, ñWell, I had no prior experience 

programming, and it's very fascinating for me and extremely educational and fun. Very impressed 

with the insight, the ability to navigate and understand what's going on here.ò Participants varied from 

referring to the researcher as an expert or underlining they hadnôt programmed previously. Regardless 

of viewing themselves as non-experts, the interaction flow editor and prototyping session allowed 

participants to learn how to program the robot and independently prototype interactions. Fifty percent 

of participants commented on how the session empowered them in the co-design process. Participants 

described that the hands-on programming activity increased their knowledge of social robots that they 

could leverage in the design process. P23 commented on how they ñlik[ed] to learnéthe 

programming process, because itôs something [they] didnôt know anything aboutéIt took some of the 

mystery out of itéIt gave me a little insight into the wholeéarea of programming.ò Similarly, P12 

mentioned that learning about programming is ñuseful and it gives us a little sort of insight into what 

goes into making a social robot and a little more opportunity to think what a social robot might be 

able to doò, citing how learning about programming expanded their design space. P20 expanded upon 

this idea explaining how programming allowed them to build a foundation for moving forward with 

the project: ñI think [learning about programming is] a necessary step. You canôt go into all the 

miracle stuff and how it will flow in and out without understanding some of it.ò Participants also 

expressed how the programming and prototyping component made them feel empowered and valued 

in the co-design process: ñéthis really makes me feel part of this whole study and I appreciate 

thatéour opinions matter andéthatéeven though weôre not programmers oréelectrical engineers 

like our son, that we were still about to do some simple programming and I think thatôs funò (P31). 

Further examples can be found in Ostrowski et al. (2021). Participants also mentioned that they 

wanted to continue building on their new programming skills with future programming. P05 

commented that they ñwould be willing to play with some of these things [prototyping 

interactions]éI even have a laptop that I can use for that.ò Overall, participants were very proud of 

the interaction designs they developed and felt valued and empowered in the co-design activity.  

 

5 Discussion 

In this work, we sought to answer in a rapid-prototyping session how do older adults design robot 

interactions supported by lived experiences with the technology (R1) and how do older adults relate to 

being robot interaction designers after engaging in rapid-prototyping of robot interactions (R2). The 

following discussion sections are structured around these questions and explore how co-designers 

engage in design similarly to traditionally defined designers, how lived experiences supported 

participants in the interaction design process, and how co-design activities can be structured to 

promote older adults and others as robot co-designers. 

 

5.1 Co-designers & designers 

Participants in the rapid-prototyping activity created interactions on the robot by engaging in six core 

design actions (Section 4.2) and combining the core design actions together to achieve their design 

goals. They also engaged in behaviors and design activities similarly to designers as has been reported 

in design research literature. Researchers have studied how designers engage with tools or design 

strategies. Prototyping specifically has been explored as a design language (Cross, 1999a; Ullman et 

al., 1990) and as a source of knowledge for furthering the design process (Houde & Hill 1997). Our 

work reveals how older adults used prototyping interactions as a way to express their desires and 

envisioned functions for the social robot. By using the flow editor, older adults could craft their own 
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experience of what a robot should be, resulting in an implementation and role prototype (Houde & 

Hill, 1997) that both reveal the functions desired in the robot and how the design would fit into 

context with their lives. It also captured if the design would not fit into their lives as was seen when 

participants deleted flows completely or changed the meaning significantly from the first design 

iteration. Some of participantsô core design actions, such as adding comments and significantly 

changing the meaning of the interaction, espoused the co-designerôs designerly ways of knowing 

(Cross, 1999a) as they justified their iterations made to the flows leveraging features such as 

comments and rewording speech boxes in the flow editor. In this way, participants found ways to 

express their desired intentions for their flow diagram, even if they were unable to embody the new 

design iteration using the flow editor. They worked with the system to ensure their design ideas could 

be communicated to others for future iterations and prototyping of the design. 

Another design behavior that participants engaged in was problem framing as evidenced by the 

questions that were asked during the co-design process by the participants (Section 4.1). Participants 

used questions as a way of clarification when working with the system but also as a way to frame and 

scope the problem they were addressing with the design iterations. For example, P14 and P15 asked 

ñWill that be connected with my schedule?ò reshaping the problem space to include integration of 

multiple devices as a requirement. P25 redeveloped the problem space considering the type of 

conversation they would have with the robot asking, ñIf I tell Jibo I have a headache, then what 

should it do?ò, and considering how the robot would respond to such question. They then began to 

adjust their designs (solution space) to ensure that the interactions were designed with respect to the 

robotôs ideal capabilities in a conversation with a user. In the sessions and through the design 

iterations, questions were used as a way to take a current problem and design solution scope, gain 

information on the process or purpose of an interaction, and then reshape the problem and design 

solution scope. This was also evidenced when participants engaged in design actions like changing the 

meaning of an interaction flow, deleting an interaction flow, and redesigning interaction flows. These 

behaviors reshaped the problem and solution space across the session and within each individual 

interaction that was designed, evidencing Maherôs model of co-evolution of problem and solution 

spaces in the design process (Dorst & Cross, 2001). There can be barriers when engaging in problem 

reframing such as fixation on an idea or a problem-solving mental model of design (as seen between 

clients and designers in Patton & Dorst (2011)). These barriers can be mitigated by ñcontextual 

engagement through researchò, ñco-exploring the abstract conjectured view of the situationò, and 

ñlanguage co-creationò (Patton & Dorst, 2011). In our co-design process with older adults, we 

mitigated these barriers with older adults by having a lived experience with the social robot before the 

rapid-prototyping session to develop their mental model of the system and provide contextual 

engagement of what it would mean to have a social robot in their home. This lived experience also 

supported a language of co-creation that researchers and older adults used in the rapid-prototyping 

session to communicate and embody ideas in the interaction flows. Within the sessions, the 

interaction flows acted as a method for researchers and older adults to explore the abstract design 

space of what a social robot could be designed to do in future designs. Older adults exhibited several 

methods and activities that are common with designers, expanding who can be called a technology 

designer in the field of HRI. 

 

5.2 Rapid-prototyping connected to Research Through Design  

The participants embedded their desires and embodiments of robot interactions through the rapid-

prototyping process and embedded design knowledge into their final designed interactions (Cross, 

1999b), supporting Zimmerman et al.ôs (2007) model of design research with a focus on the 

production of artifacts. Zimmerman et al.ôs (2007) research through design model allows for 
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researchers to identify new opportunities for technology that will impact the world, provide 

inspiration and direction to engineers in the design of technologies, and understand unanticipated 

effects of these technologies incorporating aspects such as social context and target users. In the 

rapid-prototyping session, participants designed robot interactions, working ñmore as a collaborative 

equalò (Zimmerman et al., 2007) with researchers. P25 vocalized the value of learning about how 

robots are programmed, saying ñ[the flow editor] put it into a format that is concrete so I kind of can 

understand what itôs doingéItôs a whole breadth of knowledge that Iôve never tapped, so itôll be 

interesting to see what [the robot] knows.ò P29 also expressed this mentioning they were ñvery 

impressed with the insight, the ability to navigate and understand whatôs going on here.ò P29 built 

upon this highlighting that the design process and the knowledge developed ñmakes [them] feel part 

of this whole study and [they] appreciate thaté[their] opinions matteréeven though [theyôre] not 

programmerséò Sentiments such as these demonstrate how in designing interactions on the social 

robot, older adults began to view themselves as ñcollaborative equalsò of the research team. Overall, 

the rapid-prototyping session aligns with research through design in two ways: (1) the intent of the 

rapid-prototyping session was to produce insights for research communities on the older adultsô 

desired interaction design for social robots and the assumptions embedded within them; and (2) the 

lived experience with the robot allowed participants to study a social robot in their world and make 

changes and design upon that to affect change in their life (Zimmerman et al., 2007). The outputs of 

the robot prototyping session also allow researchers to identify new opportunities for social robots 

that will affect how social robots impact social contexts and provide future direction for engineers to 

develop social robots, aligning with research through designôs objectives (Zimmerman et al., 2007).  

Zimmerman et al. (2007) outlines four criteria to evaluate design research contributions such as our 

work with rapid-prototyping: process, invention, relevance, and extensibility. For process, the main 

objective for the rapid-prototyping was to understand how older adults design interactions for social 

robots. The process included two design iteration points and opportunities for building capacity 

including demos and tutorials. For invention, this work revealed how older adults design interactions 

for social robots and how older adults desire social robots to be designed for a range of interaction 

types. The programmed interactions represent the ideal interaction design for a robot interacting with 

them over the course of the day. For relevance, it is rooted in the need for more voices to be heard in 

the technology development process of social robots. Co-design has been recognized as a beneficial 

design process for engaging older adults in the design process of technologies (Harrington et al., 

2018; Harrington et al., 2019). Previous technology experiences and lived experiences can inform the 

design of technology and provide a foundation for older adults engaging in and contributing to co-

design technology processes (Harrington et al., 2018), as demonstrated in how the social robot lived 

experience was leveraged in the rapid-prototyping process in their interaction designs. For 

extensibility, the output of interaction prototypes and designs support the extensibility of this work. 

The rapid-prototyping session amplified older adultsô voices, ideas, opinions, and designs of social 

robots and shifted perspectives of who can be considered a robot interaction designer in HRI. 

 

5.3 Supporting co-designing prototyping experiences 

Designers, in addition to prototyping and problem framing, build capacity and develop expertise for 

how to design solutions for complex problems (Coyne, 2005) such as designing robot interactions for 

a social context. To fully support older adults in the co-design process, the robot lived experience 

served as a method for building capacity (Dombrowski et al., 2016) to inform their design process in 

the rapid-prototyping session. For almost all of the participants, this was their first time programming 

a robot and designing ñliveò interactions for the social robot. Many of them expressed the value of 

learning how the system works and how it influenced their design iterations, evidencing that they built 
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capacity during the rapid-prototyping session as well. This was also evidenced by participantsô 

questions during the sessions that inquired about the interaction flow editor, how the flow editor 

ñrelayedò the interaction to the robot, and how to accomplish desired interaction designs in the 

system. The overall structure of the rapid-prototyping session and engagement with older adults 

through the session suggest that the session took the format of a hands-on project-based learning 

experience for the co-designers, further developing their abilities to ñsolv[e] real-world, ill-defined 

problemsò and ñoffering opportunities for development of a wide range of abilities in nonverbal 

thought and communicationò (Cross, 1972). We have identified social robot lived experiences as a 

method to support older adults in the co-design process and provide diverse sets of activities for older 

adults to engage in design in multiple ways (Ostrowski et al., 2021a). While participants mentioned 

the value of the learning experience and ability to design interactions on the robot, some participants 

also referred to themselves as non-experts, or those that cannot or should not program robot 

interactions because only experts such as computer sciences are able to program. It is critical for us to 

consider how we can structure co-design processes to make co-designers feel valued for their lived 

expertise and tacit knowledge they bring to the design process and consider how feeling like a non-

expert or someone who canôt be a designer or programmer may affect co-designersô design process. 

Additionally, it is important to note how hands-on design processes in participatory design and co-

design can not only result in design artifacts that inform future design iterations but these design 

processes also serve as a design education experience that supports capacity building, creates a sense 

of ownership in the design of the technologies, and helps balance power dynamics between 

researchers and participants (Coyne, 2005; Steen, 2013; Harrington et al., 2019; Dombrowski et al., 

2016). 

Overall, in the rapid-prototyping experience and larger co-design process, a core tenet (as with most 

participatory design and co-design) was empowering co-designers, specifically addressing power 

balances between researchers and co-designers and strengthening the co-designersô position (Ertner et 

al., 2010). The tutorial at the beginning of the session allowed co-designers to build capacity for how 

to design the robot interactions using the flow editor. While the participant was the robot programmer 

and directed the designs and iterations for the session, the researcher was available as a resource that 

was often used as evidenced by the question behavior of participants. The rapid-prototyping session 

served as a source of empowerment in the larger co-design process as expressed by participants when 

they reflected on the session and what it meant to be a robot programmer. Several participants cited 

that the session provided insight for their designs and the programming of the robot, demystifying the 

technology overall. It also allowed them to feel a part of the study, signifying a greater feeling of 

empowerment in contributing to the design of the social robot. This shifting of power dynamics 

promoted joint inquiry and joint imagination in the design process strengthening the design generation 

process and hopefully leading to social robot designs that will increase user satisfaction in the final 

design product (Steen, 2013).  

 

5.4 Future work 

This paper focused on how older adults as co-designers designed interactions in a rapid-prototyping 

session and how they relate to being robot interaction designers. Future work could explore 

interactions across application areas of focus (i.e., medication adherence, social connection, etc.) and 

themes relating to specific application areas. The core actions could be further explored to understand 

if there are patterns for how older adults were designing their interactions such as some people 

leveraging comments more than others or some people using rewording more than others. Building 

upon research through design objectives (Zimmerman et al., 2007), future work could further 

investigate how the co-designersô interaction designs may help researchers further understand 
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unanticipated effects of social robots. Reflecting on the value of the rapid-prototyping session in 

empowering older adults as co-designers and making them feel valued in the co-design process, we 

would recommend that in future social robot co-design processes, rapid-prototyping or similar design 

activities that involve programming robots are incorporated multiple times into long-term partnership 

with co-designers. Researchers can also explore various structures for rapid-prototyping sessions, 

having a mixture of structured design activities such as tutorials and more open-ended and specific 

application area focused design prompts. Future research could also explore the impact of the robotôs 

tangibility on the co-design experience and how varying robot embodiments may affect and differ 

between different application areas of robots. Overall, the rapid-prototyping activity was embedded 

within a year-long co-design process and, as of writing this paper, the researchers and co-designers 

are still working together. We support future co-design engagements that support sustained 

engagement with communities (Ostrowski et al., 2021a) and that focus on enablement, or ñfacilitating 

and developing opportunities for people to fulfill their potential and to develop their own capacityò 

(Dombrowski et al., 2016). For HRI, this can be realized as ñfostering human capacity or helping 

people take advantage of opportunities by creating platforms for participation and self-determinationò 

(Dombrowski et al., 2016). Through promoting sustained engagement with communities and 

democratizing how people design, we can reshape the notion of who can, should, and is a robot 

interaction designer. We hope that with our work, we have amplified this conversation. 

 

6 Conclusion 

This paper provides an in-depth exploration of older adults as co-designers of robots, revealing how 

older adults wish social robots to be designed and how older adults can be supported as designers, 

valuing their built technology experiences. Our dataset and results demonstrate the value of 

incorporating methods that allow users to design and program social robots and the value of co-

designing long-term with users to guide technology design. Overall, we advocate for sustained 

engagement with communities and users through co-design, participatory design, and human-centered 

design, empowering users, such as older adults, to be designers of robot interactions, expanding who 

can be called a technology designer. 
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Abstract. Team composition affects the performance, including creativity, of teams in design tasks as in other 

tasks. Existing research presents mixed results on the impact of team composition on creativity. In this paper, 

we conduct an empirical study to investigate the impact of three different team categories on creativity: teams 

composed of designers only, teams composed of designers and non-designers, and teams of non-designers only. 

18 volunteer dyads completed a short design ideation task by generating solution ideas, expressed through quick 

freehand sketches and/or texts. Three expert judges scored the ideas in terms of originality, usefulness, 

compliance with requirements, and in addition assigned an independent subjective creativity score to each team. 

Fluency and rareness of ideas were also calculated. Findings indicate that mixed teams got the highest scores in 

almost all variables, thereby adding to the literature that favors mixed teams for increased creativity. 

 

Keywords: Creativity, Design idea generation, Team composition 

 

 

1  Introduction  

Design is increasingly dealt with by teams that are often composed of additional actors beside 

designers. A variety of professionals step into the domain of design, resulting in larger access to 

knowledge and information, and wider insights into the design area (Liedtka, 2018; Yilmaz & Daly, 

2016). The diversity of team composition has an impact on the teamôs performance, notably on 

creativity. This issue has been amply researched in many domains that experience a similar 

expansion, but not so in design. In this study we investigate the impact of multidisciplinary 

backgrounds on the creativity of design teams. 

Many students of problem-solving view diverse expertise in teams as a contributing factor to 

creativity, under the hypothesis that integrating knowledge, skills and experience from different 

domains and perspectives increases the quality and creativity of problem-solving (De Dreu & West, 

2001; Menold & Jablokow, 2019; Shin, Kim, Lee & Bian, 2012). Though studies have suggested that 

multidisciplinary background may indeed contribute to creative performance (Aggarwal & Woolley, 

2019; Chen, Liu, Zhang, & Kwan, 2019), diversity in general has also been shown to cause significant 

difficulties in communication and team cohesion (Aggarwal & Woolley, 2013; Ancona & Caldwell, 

1992; Lovelace, Shapiro, & Weingart, 2001; Miron-Spektor, Erez, & Naveh, 2011; Miron-Spektor & 

Naveh, 2017;  Srikanth, Harvey, & Peterson, 2016). The positive or negative effects caused by 

diversity may prevail or be counteracted, but which of these effects is predominant is uncertain and 

depends on a host of factors.  

Design is associated with a specific way of thinking that distinguishes it from science and art and 

makes it difficult to predict how diverse and multidisciplinary backgrounds may affect design 

performance. Research on this topic is still scarce in design. Design problems are almost always ill-

defined and ill-structured, which means that they can have many possible solutions and that the way 
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to solve these problems is not known ahead of time (Cross, 2018; Kokotovich & Dorst, 2016). Unlike 

traditional problem solving wherein the problem is defined and problem solving favors the application 

of tested methods to reach a solution, design problem-solving often starts with exploration, 

experimentation and framing in order to reach a problem definition, which is tentative and flexible, 

and may change in the course of the search for a solution (Cross, 2018; Lawson & Dorst, 2009). 

Moreover, designers utilize rapid sketching to explore the ambiguous and uncertain nature of design 

problems, which gives them an edge over non-designers who are not necessarily skilled sketchers 

(Brun, Le Masson, & Weil, 2016; Cross, 2018; Menold & Jablokow, 2019).  

Therefore, it is not surprising that we find a tendency among designers to prefer all-designers teams 

over multidisciplinary (or other collaborative design by designers and non-designers) teams. A study 

by Ertmer et al. (2008) has shown that professional skilled designers and well-organized inventories 

of domain-specific knowledge have an advantage in achieving a high level of creativity when facing 

design problems. However, there is some evidence that having experienced work in mixed teams, 

designers (and non-designers) tend to favor them over uni-disciplinary teams (Santandreu Calonge & 

Safiullin, 2015). 

In this study we focus on idea-generation in design, resembling informal brainstorming, and not on a 

full design process. Therefore, we conduct an experiment using a simple and short exercise, requiring 

no specific prior design knowledge, that allows us to test the preliminary reactions of teams and their 

intuitive design responses (ideas) to a design challenge. We investigate the impact of 

multidisciplinary backgrounds on the creativity of design teams in a lab exercise, based on judgesô 

scores of originality, usefulness, and compliances with task requirements, as well as on calculated 

scores of fluency and rareness of the teamsô ideas. By multidisciplinary teams we mean teams 

wherein members with a design background work with members with no such background, but who 

are skilled in a different domain (Harrison & Klein, 2007; Boon, Van Baalen, & Groenier, 2019). 

Because the exercise was very short, we cannot talk of interdisciplinary or trans-disciplinary teams; 

óteams composed of diverse backgroundsô would have been a better definition but since diversity can 

mean many things, we revert to multidisciplinary (as opposed to uni-disciplinary) teams. We refer 

only to disciplinary diversity, not to other differences such as cultural, ethnic, personality or other 

differences.  

Our research question is thus: 

What would be the team composition that yields the highest level of team creativity in design idea 

generation, and in what order do the other two teams follow? 

 

2  Literature review  

Team creativity can be referred to as the development of diverse kinds of team thinking that generate 

useful and novel ideas within a complex context (Kurtzberg, 2005). Team creativity emphasizes the 

importance of pooled resources and divergent thinking that each team member brings to the table. 

Recent studies on creativity have called for attention to factors affecting team creativity (Shalley, 

Zhou, & Oldham, 2004), stressing the influence of team composition on its creativity (Hansen & 

Levine, 2009; H¿lsheger et al., 2009).  

In general, team composition impacts team output since it affects the amount and diversity of 

membersô knowledge and skills applied to the task the team is handling (Mello & Ruckes, 2006). 

Previous research differentiated surface-level composition variables like overt demographic 

characteristics, from deep-level composition variables that are underlying psychological 

characteristics such as personality factors or values (Bell, 2007). These composition variables were 

regarded as critical to the ability to adopt diverse perspectives, knowledge, and experience, as well as 

to the potential to promote unusual ideas, thus promoting team creativity. Some scholars suggested 
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that homogeneity facilitates creativity because team members can easily communicate and interact 

with each other (Bell, Brown, Colaneri, & Outland, 2018). Others argued that heterogeneous teams 

with members from different backgrounds are more likely to expand the boundaries of problem-

solving, which may eventually generate more creative ideas, albeit at the cost of possible conflict 

(Somech & Drach-Zahavy, 2013). The effect of team composition on team creativity is inconclusive. 

Because the variables in teams may pertain to many different causes, it is practically impossible to 

flatly compare multidisciplinary and uni-disciplinary teams in terms of creativity and particular 

variables must be defined for a comparison.  

Alves, Marques, Saur and Marques (2007) stated that with dissimilar points of view, expertise and 

relevant information, multidisciplinary knowledge would increase novelty and creativity in mixed 

teams and would be crucial to consider in problem-solving. Reiter-Palmon and Leone (2018) argued 

that owing to their domains of expertise, multidisciplinary team members think critically and analyze 

ideas from a variety of perspectives available to them, thus providing a more precise evaluation of 

concepts, leading to better choices of solutions. Aggarwal and Woolley (2019) reported that cognitive 

diversity enhances team creativity by facilitating the detection of cognitive resources. De Dreu and 

West (2001) suggested that multidisciplinary knowledge is more likely to integrate the probably 

conflicting points of view of team members, through sharing information and task-relevant 

knowledge, helping to avoid fixation, thus enhancing creativity.  

However, other scholars were suspicious of this positive viewpoint and reminded readers that many 

case studies revealed that knowledge of diverse disciplinary origins among team members may cause 

conflicts and misunderstanding, which mitigate creativity. Hawlina, Gillespie and Zittoun (2019) 

argued that diversity may decrease cohesion, information sharing and motivation for discussion, and 

increase coordination problems and communication conflicts, leading to a negative effect on team 

creativity. Aggarwal and Woolley (2013) suggested that even though multidisciplinary knowledge 

was predicted to enlarge the available knowledge and improve problem-solving performance in a 

team, this same multidisciplinary knowledge can adversely affect group processes. 

Designers solve problems in a different manner than scientists, artists, and many other professionals 

(Cross, 2006; Dorst, 2011; Dreyfus, 2004; Lawson & Dorst, 2009). Cross (1982, 2006) stated that the 

ñdesignerly ways of knowingò, a term he coined, are a typical characteristic and main facet of the 

practice-based methods that distinguish designers from non-designers. They also have a specialized 

exploration tool: sketching. Sketching, as a basic professional skill of designers plays a vital role in 

the early idea generation phase. Sketching provides visual representations that support iterative efforts 

to develop ideas, facilitates the oscillation between different modes of reasoning, and helps designers 

discover unintended consequences of their acts in a reflexive dialogue with the situation (Cross, 2018; 

Goldschmidt, 1991; Schön & Wiggins, 1992; Härkki, Seitamaa-Hakkarainen, & Hakkarainen, 2018). 

That is, sketching acts as both a thinking tool and a communication tool that designers use to converse 

with themselves and others, thus greatly aiding the process of idea generation and reasoning about 

them (Ainsworth, Prain, & Tytler, 2011; Mao, Galil, Parrish, & Sen, 2020; van der Lugt, 2005). The 

nature of problem-solving in other disciplines does not often require visual representations and 

therefore most non-designers are not experienced in using sketching in their problem-solving routines. 

In the field of design not much research has been conducted on the creativity-team composition issue. 

One related study by Badke-Schaub, Goldschmidt, and Meijer (2010) found that cognitive conflicts in 

teams were responsible for more creative design solutions. This finding supports the view that 

diversity in team composition can create a positive environment of debate and controversy, in which 

ideas synergistically resolve into more creative outcomes than would emerge in more homogeneous 

teams. Brown and Katz (2011), who come from the domain of design, explained that creativity is 

fostered by interdisciplinary teams at work; such teamsô creativity exceed that of multidisciplinary 

teams because of the disposition for collaboration of its members, who experience collective 
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ownership of, and responsibility for, their ideas. It is very difficult to find empirical studies on mixed 

teams vs. other team compositions in design. One study that did undertake the challenge is by 

Christensen and Ball (2016), who found that unique knowledge backgrounds fuel analogy-based 

creativity in design contexts. Santandreu Calonge and Safiullin (2015), who sought the opinions of 

students from diverse backgrounds on a ñcreativity, innovation and design thinkingò on-line course 

they participated in. The students came from various cultures, disciplines, and educational standings, 

and answered a pre-course and post course questionnaire regarding their expectations and experiences 

in the teamwork they engaged in. They found that while the pre-course questionnaire expressed a high 

level of suspicion and disbelief in the potential success of the collaboration in mixed teams, the post-

course replies were very positive and indicated a high level of satisfaction. 

The current research focuses on idea-generation in design by different-type dyads (in terms of 

discipline only). We inspect whether, in a very short exercise, differences can be found between these 

dyad types in terms of the creativity of their design ideas while tackling a very simple design task. 

 

3  Method 

An experiment was designed to investigate the research question, in which participants were asked to 

generate ideas for the solution of a simple design problem in a limited period of time. The variability 

in this experiment is in team composition: designer teams, mixed teams, and non-designer teams. 

Team creativity was assessed in terms of originality, usefulness, and compliance with the 

requirements, in each concept idea. These variables were assessed by expert designers who served as 

judges. As a supplement, we also assessed the fluency and rareness levels of ideas in each team 

category (see Hsu, Wang, Lin, & Chang, 2018; Nouri et al., 2015). In addition, both judges and teams 

assigned each team a subjective creativity score. 

 

3.1  Participants 

36 volunteer participants were allocated into 18 dyads (teams of two participants). Half of them were 

designers or had an ample design background; most of them were professional designers or graduate 

students in industrial design or architecture. Only a handful were undergraduate students who were at 

least in their third year of studies. All other participants, who were for the most part graduate or post-

doc students in scientific or engineering (non-design) disciplines, had no design experience at all. 

Designer participants (N=18, mean age=36 ,39% female) and non-designer participants (N=18, mean 

age=28 , 39% female) were randomly assigned to one of three different team categories: designer 

teams (six dyads of two designers, N=12); mixed teams (six dyads, each composed of a designer and a 

non-designer, N=12); and non-designer teams (six dyads of two non-designers each, N=12). 

 

3.2  Task 

All teams were asked to design a table lamp for an exhibition of bamboo products. The allowable 

materials for the lamp consisted of natural bamboo canes with a diameter of up to 100 mm and a wall 

thickness of 6-10 mm, metal wire of 1mm diameter, glue, electric circuitry, and a light bulb. Bamboo 

could be cut crosswise or lengthwise and could be drilled and bent. A design brief including the task 

description, the timetable and bamboo-bending illustrations was provided in printed form. The task 

was chosen because although it is very simple it also affords innovation opportunities. No knowledge 

beyond everyday common knowledge is required, thus it is accessible to designers and non-designers 

alike. 
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3.3  Experimental settings 

Each team tested separately by an experimenter who handed out the design brief to each team and 

explained the procedure but did not intervene in what the participants did. Team members were asked 

to engage in conversation with each other during the whole session, which was videotaped with a 

single camera pointed at the desk surface on which the participants worked. In phase one, teams were 

instructed to spend 8 minutes generating as many creative ideas as possible and sketch them, adding 

text if they wished. In phase two they were given five minutes to choose one of their ideas and 

develop it further. In phase three, each team had four minutes to list the main advantages of their 

solution and give it a subjective creativity score from 1 (lowest) to 10 (highest). Once participants 

finished the task, they were asked to answer a few debriefing questions in which they provided 

demographic information and articulated their feelings regarding the experiment. 

Pilot study: Before the actual experiment, a pilot was conducted, to ensure the task feasibility and 

calibrate the timetable. Three dyads participated in the pilot study, which was not included in the main 

experiment analyses.  

 

3.4  Judges 

All design ideas were evaluated by three independent judges who were blind to team composition and 

the research goals. All three judges had several years of professional design experience, one in 

industrial design, one in architecture and one in graphic design and user experience. A training session 

with all judges preceded the assessments, which were done individually. In the training session one of 

the pilot outcomes was assessed by the judges together, to coordinate their scoring policies.  

 

3.5  Metrics and analyses 

3.5.1 Originality, usefulness, and compliance with brief requirements. The three naïve judges, 

working separately, were provided with photocopies of the teamsô sketches, in random order, one 

sketch per idea, and assessed each idea on the dimensions of originality, usefulness, and compliance 

with requirements.  A Likert scale of 1 (lowest) to 7 (highest) served to assess the originality and 

usefulness of the design outputs.  

A scale from 1 to 3 served to rate compliance with requirements (1= not at all, 3= very much). These 

scores were subsequently transformed to a 1-7 scale, to match the originality and usefulness scores 

(IBM SPSS Statistics, see https://www.ibm.com/support/pages/transforming-different-likert-scales-

common-scale). 

3.5.2 Overall creativity. An overall creativity score was calculated as a sum of originality, usefulness, 

and compliance with the brief requirements scores (after the latter scores were transformed to a 1-7 

scale).  

3.5.3 Judgesô independent creativity scores. Judgesô independent assessment of each teamôs creativity 

served as a separate indicator of creativity. Based on their subjective feelings, the judges were 

requested to give each team an independent creativity score between 1 (lowest) and 7 (highest).  

3.5.4 Participantsô self-scoring. Participantsô self-scoring was utilized as another indicator of 

perceived creativity. Each team evaluated its creativity with a score between 1 (lowest) and 10 

(highest). These scores were also subsequently transformed to a 1-7 scale (see details in section 3.5.1), 

to match the originality and usefulness scores. 

 

3.6  Fluency 

Fluency was measured by the number of ideas generated by each team. 
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3.7 Rareness  

Flexibility is the ability to develop a solution from multi-angle considerations and to generate 

different categories of ideas (Hsu, Wang, Lin, & Chang, 2018; Roskes, De Dreu & Nijstad, 2012). We 

addressed one facet of flexibility ï rareness, which pertains to ideas that are rare among the pool of all 

generated ideas in a specific setting, such as the experiment we conducted. Rareness scores were 

computed in two steps: First, we established a list of features of the designed artifact in question, 

whereby features of three parts of the artifact ï table lamp ï that is, Base (B), Arm (A), and 

Lampshade (L), were coded separately. Each idea was assigned three codes, one for each part of the 

table lamp (e.g., B1, A2, L3). Altogether, 27 code combinations emerged. The second step was to 

single out infrequent ideas, those with a frequency of 1 or 2 (that is, a unique combination of feature 

codes that appeared only once, or a combination that occurred twice). We then calculated the 

proportion of these infrequent ideas out of all ideas the teams in each team category generated. For 

example, the combination of codes ñB1A4L1ò that designated a combination of separate base, no arm 

and separate lampshade, was generated in an idea by a mixed team and occurred only once within the 

sample of all ideas.  

To illustrate the teamsô output, Figure 1 shows examples of sketch ideas by teams of the three 

composition categories. 
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Figure 1. Examples of three design ideas. a) Non-designers team b) Mixed team c) Designer team 

 

4  Results 

General note: All scores were averaged per idea (where applicable), per team, and across each team 

category.  

 

4.1  Originality 

A one-way ANOVA showed a significant difference between the three team categories (F=2.649, 

p=0.076) in originality scores. A post-hoc Tukey analysis demonstrated the main difference was 

between mixed teams (M=3.78, SD=0.90) with significantly higher scores than non-designers 

(M=3.10, SD=1.08, p=0.03). However, the ranking differences between designers (M=3.40, SD=1.16, 

p=0.32) and non-designers (M=3.10, SD=1.08) were not statistically significant. The ranking 

differences between mixed teams (M=3.78, SD=0.90) and designers was not significant at the level of 

p<0.05 (M=3.40, SD=1.16, p=0.1), but is likely to become significant given a larger sample. 

 

4.2  Usefulness  

A one-way analysis of variance (ANOVA) examining the effect of team composition on usefulness 

yielded no significant differences (F=0.65, p=0.522) among the three team categories (mixed teams: 

M=4.42, SD=0.91; designers: M=4.21, SD=0.97; non-designers: M=4.14, SD=1.20). 

 

4.3  Compliance with brief requirements  

The scores for compliance with the requirements of the brief were calculated twice: before and after 

the transformation from a 1-3 scale to a 1-7 scale (see section 3.5 above).  

Scores before the transformation. A one-way ANOVA showed a significant difference between the 

three team categories (F=3.191, p=0.046<0.05) in compliance with brief requirements scores. A post-

hoc Tukey analysis demonstrated that the ranking of mixed teams (M=2.83, SD=0.30) was 

significantly higher than that of non-designers (M=2.53, SD=0.60, p=0.013<0.05). The ranking 

differences between designers (M=2.74, SD=0.38, p=0.061<0.1) and non-designers (M=2.53, 

SD=0.60) were statistically significant. But the ranking differences between mixed teams (M=2.83, 

SD=0.30) and designers (M=2.74, SD=0.38, p=0.352>0.1) were not statistically significant.  

Scores after the transformation. A one-way ANOVA showed a significant difference exists between 

non-designers and mixed teams in compliance with brief requirements scores (p=0.013<0.05). A 
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significant difference exists also between non-designers and designers in compliance with brief 

requirements scores (p=0.0061). No significant difference exists between mixed teams and designers 

in compliance with brief requirementsô scores (p=0.352). 

 

4.4  Originality + usefulness 

A one-way ANOVA showed a significant difference between the three team categories (F=3.172, 

p=0.05) in (originality + usefulness) scores. A post-hoc Tukey analysis demonstrated that the ranking 

of mixed teams (M=4.32, SD=0.63) was significantly higher than that of non-designers (M=3.88, 

SD=0.68, p=0.022). The ranking differences between mixed teams (M=4.32, SD=0.63) and designers 

(M=4.05, SD=0.65, p=0.063) were statistically significant. But the ranking differences between 

designers (M=4.05, SD=0.65, p=0.347) and non-designers (M=3.88, SD=0.68) were not statistically 

significant. 

 

4.5  Overall Creativity (Originality + usefulness + compliance with brief requirements) 

Overall creativity is calculated by the sum of originality, usefulness and the transformed compliance 

with the brief requirements scores. A one-way ANOVA showed a significant difference between the 

different team categories (F= 5.063, p=0.008) in overall creativity scores. A post-hoc Tukey analysis 

demonstrated that the ranking of mixed teams (M=5.11, SD=0.49) was significantly higher than non-

designers (M=4.55, SD=0.85, p=0.002) in the overall creativity scores. The ranking differences 

between mixed teams (M=5.11, SD=0.49) and designers (M=4.85, SD=0.58, p=0.064) were 

statistically significant. And the ranking differences between designers (M=4.85, SD=0.58) and non-

designers (M=4.55, SD=0.85, p=0.08) were not significant, suggesting that this difference will 

become significant in a larger sample. These results are illustrated in Figure 1. 

 

4.6  Judgesô independent assessment and participantsô self-scores 

Judgesô independent scores: A one-way ANOVA examining the effect of team composition on 

judgesô independent assessment yielded a significant difference (F=11.393, p=0.01) among the three 

different team categories. A post-hoc Tukey analysis demonstrated that the ranking of mixed teams 

(M=4.39, SD=0.53) is significantly higher than non-designers (M=2.67, SD=0.67, p=0.00) in the 

judgesô independent scores. The ranking differences between designers (M=4.17, SD=0.81) and non-

designers (M=2.67, SD=0.67, p=0.00) are statistically significant. But the ranking differences 

between mixed teams (M=4.39, SD=0.53) and designers (M=4.17, SD=0.81, p=0.58) are not 

statistically significant.  

Participantsô self-scores: Four teams did not assess themselves and we eliminated them from the 

calculation. By using the formula recommended in IBM SPSS Statistics, these scores were also 

transformed to represent values between 1 and 7. A one-way ANOVA examining the effect of team 

composition on participantsô self-scoring yielded no significant differences (F=1.094, p=0.37) among 

the three team categories (mixed teams: M=5.93, SD=0.37; designers: M=5.50, SD=0.82; non-

designers: M=6.50, SD=0.77). Figure 2 demonstrates these results. 
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Figure 2. Effect of team category on originality, usefulness, compliance with the brief requirements, originality 

+ usefulness, overall creativity, judgesô independent creativity scores, and participantsô self-scores 

 

4.7 Fluency and rareness 

Fluency: The results of fluency calculations showed that designer teams generated the highest number 

of ideas (N=47), followed by mixed teams (N=35), which generated more ideas than non-designers 

(N=17). A one-way ANOVA examining the effect of multidisciplinary knowledge on fluency, yielded 

a significant difference (F=5.907, p=0.013) among the three different team categories. A post-hoc 

Tukey analysis demonstrated that the ranking of designers (M=7.83, SD=3.17) is significantly higher 

than non-designers (M=2.83, SD=1.47, p=0.01<0.05). But the ranking difference of fluency for mixed 

teams (M=5.83, SD=1.83) and non-designers (M=2.83, SD=1.47, p=0.14) is not statistically 

significant. The ranking difference of fluency for designers (M=7.83, SD=3.17) and mixed teams 

(M=5.83, SD=1.83, p=0.38) is not statistically significant. See Figure 3. 

Rareness: The number of infrequent ideas (feature combinations that occurred only once or twice) by 

mixed teams (n= 9) and designer teams (n=9) was equal and much higher than that of non-designers 

(n=1), but the percentage of rare ideas of mixed teams (R= 25.7%) was higher than that of designers 

(R=19.1%) and non-designers (R=5.9%), as presented in Table 1 and Figure 4. 

 

Table 1. Effect of team category on rareness 

 

Team category Infrequent ideas Total no. of ideas Rareness 

Mixed teams 9 35 25.7% 

Designers 9 47 19.1% 

Non-designers 1 17 5.9% 
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Figure 3. Effect of team category on fluency              Figure 4. Effect of team category on rareness 

 

5  Discussion 

This study explored the effect of different team (dyad) categories comprising designers, non-

designers, and mixed teams, on creativity in design idea generation. Our results point to an overall 

trend whereby mixed teams reached higher scores on various creativity measures than did designers 

and non-designer teams, followed by designer teams, who reached higher scores than non-designers. 

In many of the cases the differences were significant or almost significant. These findings provide 

evidence that in design, where it has hitherto not been researched thoroughly, disciplinary diversity in 

teams can enhance creativity, similar to what many researchers found in other domains. The design 

activity in our experiment was very short, 17 minutes in all, which is nonetheless enough for a 

brainstorming-like idea generation session. Research teaches us that idea generation is a key 

component of the front edge of the process of design, which determines to a large degree the level of 

innovation that design is able to bring about (e.g., Design Council [UK], 2013; Toubia, 2006). 

Innovation, in turn, is fueled by creativity (Somech & Drach-Zahavy, 2013). For economic reasons 

innovation is much sought in todayôs business world, and therefore team composition is an important 

issue that design research should undertake more rigorously. We calculated creativity in a number of 

ways. Following Finke (1990) and others we looked at creativity as a compilation of originality and 

usefulness. We then added compliance with requirements to the overall creativity score because 

compliance with requirements is a constant issue in real-life assessments of creativity. For example, 

the Sydney Opera building that was built at a scandalous budget that largely surpassed the estimates; 

the building breached other requirements as well and posed severe construction hurdles. 

Consequently, the architect was fired and became a persona non grata in Australia. However, the 

unusual form of the building became much liked for its originality by locals and tourists and the 

architect was later invited back to Sydney as a guest of honor, hailed for this creative tour de force.  

Our position was that historic anecdote apart, requirements must be complied with, especially when 

evaluations are submitted to comparison. In the case of the table lamp our participants designed, the 

brief stated clearly which materials could be used but some participants ignored the directions and 

used other materials, or they designed a ceiling lamp instead of a table lamp, and so on. We did not 

disqualify them, but their scores reflected poor compliance with requirements. It is interesting to note 

that non-designers conformed somewhat less to the requirements than did the other groups, and at the 

same time they boasted much higher creativity self-scores than the other participants. This may 



 

221 
 

indicate a low awareness of design norms: on the one hand that constraints should be respected, and 

on the other hand that not every idea that one manages to produce is likely to be considered creative. 

Despite that, mixed teams of which non-designers were equal members, scored the highest on every 

dimension of creativity we tested (with the exception of creativity self-scores). This seems to show 

that the dynamics within the mixed teams was such that the designers ñenforcedò some respect for the 

requirements, while being more moderate in their self-evaluation of creativity, probably because of 

their better acquaintance with the creative design landscape. All the same, the non-designers seemed 

to bring to the table unusual ideas that, coupled with the assumed superior representational (and other) 

skills of their designer partners on the team, yielded more original and more useful ideas. The 

usefulness scores of the non-designers were very close to those of the designers, which could indicate 

that designers thought that in a conceptual exercise like this usefulness is less important and would be 

dealt with later in the design process if it were to develop further, while non-designers, who 

understood perfectly what the table lamp was meant to do, paid much attention to the function.  

It is interesting to look at the creativity scores assigned by the participants themselves, and by the 

judgesô independent assessments. These scores were not a compilation of originality and usefulness 

but were ñgut feelingò assessments of the teamsô creativity (not of individual ideas), without any 

elaborations on what creativity consists of. The judgesô independent scores were very close to the 

calculated scores for mixed teams and designers, but considerably lower for non-designers, while they 

were only slightly lower in all calculated scores. This finding is difficult to interpret and since for 

designers and mixed teams the scores are in line with calculated scores, it probably does not point to a 

different conception of creativity held by the judges compared to the concept that calls for a 

composite score relating to originality and usefulness. One possible explanation is the judgesô taste for 

complexity of ideas, which seems to have been higher on average in the mixed and designer teams, 

while the ideas generated by non-designers tended to be simpler. Arriving at more complex ideas is 

largely aided by sketching skills (Verstijnen et al., 1998). Sketching proficiency may have also had an 

(unconscious) effect on judges, who may have preferred representations of higher quality. Since non-

designers are presumably less or not at all skilled in sketching, their sketches were perforce often less 

attractive visually than those by designers, who may well have been the ones responsible for 

rendering the sketches in the mixed teams. The issue of sketch quality and its impact on assessment is 

beyond the scope of the current study, but we plan to address it in another study pertaining to the 

same experiment. 

As mentioned earlier, the participantsô self-scores were considerably higher than the scores assigned 

to them by the judges. By itself this is not surprising, as self-assessments tend to be different and often 

higher than objective assessments (Haase, Hoff, Hanel, & Innes-Ker, 2018), but whereas the tendency 

in the case of mixed teams and designers resembled that of the judgesô scores, the unusually high self-

assessment of the non-designers is surprising. It is possible that most of them have never tackled a 

design problem before, and the mere fact that they were able to generate ideas and come up with 

results may have been a pleasant and maybe surprising achievement, for which they prized themselves 

in the form of a high creativity score.  

Given that mixed teams had the upper hand in all creativity scores (except self-scores), one must 

answer the question: Why donôt the designers do better, given their developed design knowledge and 

skills, particularly sketching (see e.g., Goldschmidt, 1991; Verstijnen et al., 1998)? The fluency and 

rareness results show that designers generate more ideas than the others (see Table 1), but in terms of 

rare ideas they are inferior to the mixed teams (measured as a proportion of the number of ideas). As 

it were, the number of ideas is not as important as their uniqueness, and in this respect, designers did 

not excel, although they did much better than non-designers. These results may well be a consequence 

of the brevity of the exercise. We know that in idea generation and brainstorming the tendency is to 

spell out routine ideas first; the more unique ideas appear only after the exhaustion of the former 
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(Ritter & Mostert, 2018). Another factor that may have impacted this result is the designersô tendency 

to center on structuring the problem first (Cross, 2018; Lawson & Dorst, 2009) and to postpone 

solutions (Goel 1995). It is difficult to adjust this mechanism to very short timespans, and this may 

explain the designersô slow arrival at unique ideas ï slow enough to prevent them from more 

meaningful results in terms of idea rareness in this experiment.    

In this study the assumed designersô superior sketching skills have also not played a very important 

role, presumably because ideas did not go through extensive development processes, which is where 

sketching is most helpful. The sketching skills of designers along with their other design expertise 

were enough to outperform non-designers, but not enough to compete with mixed teams, who enjoyed 

the same designer benefits, along with the added freshness of non-designersô ideas.  

In sum, we can say that this study shows that even in a small and random sample very clear 

tendencies of superior creativity of mixed teams over other teams in design idea generation are 

revealed, even though the level of significance is low. We therefore join the camp of those siding with 

disciplinary diversity in teams, which as we have shown is relevant also in the field of design.  

 

6  Conclusions and limitations 

We have ascertained that design is no different than other fields in benefiting from disciplinary 

diversity in idea-generation. This is important because the current tendency to widen the boundaries 

of design and include new actors from other field in its ranks when dealing with complex problems, 

raises doubt and suspicion in many designersô quarters. This conclusion has consequences for both the 

workplace and education. Whereas many companies have already learned this lesson and do set up 

mixed design teams, independent design consultancies still tend to rely almost entirely on designers, 

not being aware of what they may gain from involving non-designers in their design teams. Likewise 

design education rarely sets up joint projects for design and other students, and when it does, it tends 

to fail because the mode of collaboration is not well conceived. The current study does not teach us 

how to succeed in design education that includes collaborative work with non-design students ï this 

must be worked out separately, but at least it points to the need to proceed in this direction. We must 

remember, though, that we only tested idea generation, and fuller design cycles are yet to be 

investigated.  

We should point out several limitations of this study. First, the size of the sample is small, leading to 

results that indicate primary trends but not many that reach standard significance. Second, we used 

dyads. The results may differ in the case of larger teams. Third, the exercise was very brief and 

simple, and tendencies may change when a task is more complex, and the timespan is longer. Fourth, 

participants were very heterogenous in more than one way. The amount of design experience of 

designers ranged from one year to dozens of years, and they came from more than one design field. 

The non-designers also came from a variety of fields. The experiment was held in English, which was 

not the native tongue of any of the participants but was the only common language they possessed: the 

non-designers in particular came from a number of different cultures. Despite these limitations we 

maintain that the study contributes to both the design literature and research on teamwork in general. 
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Abstract. Design is a complex activity requiring disciplinary areas working in collaboration. However, how 

multi-disciplinary design teamwork affects the quality of collaborations from a social and task-related 

perspective, and how it can inform about extending the frontiers of design should be investigated. An empirical 

study comparing multi- with mono-disciplinary teams was conducted in the context of project-based education. 

Participants were students from two masterôs courses: one involving different disciplines, and the other 

mechanical engineering only. A series of semi-structured interviews was carried out, and the produced 

transcripts were analyzed qualitatively. Multi-disciplinary teamwork was found to enable a comprehensive 

understanding of the design task. However, this requires skills and competences different than those from mono-

disciplinary teams, what challenges team dynamics and collaboration. Implications for extending the frontiers of 

design in higher education are discussed. 

 

 
Keywords: higher education in design, mono-disciplinary teamwork, multi-disciplinary teamwork, teamwork 

quality, teamwork in design education 

 

 

1 Introduction  

The merits of teamwork have captured much attention in social psychology and new product 

development (NPD) literatures (e.g., Barczak & Wilemon, 2003). The importance of teamwork has 

also been extensively debated in design (e.g., Badke-Schaub et al., 2007; Casakin et al., 2015). In this 

domain, team composition regarding disciplinary background has gained a vital significance due to 

the complex nature of the 21st centuryôs global challenges (Gruenther et al., 2009). Today, society 

must tackle problems of unprecedented scope that contest established approaches and solutions. To 

deal with this situation, a multi-disciplinary collaboration offers a more comprehensive approach than 

that by teams composed of members sharing a similar background, also known as mono-disciplinary 

teams.  

In this context, trans-passing the traditional borders of scientific disciplines, including those of the 

design domain, turns out to be a crucial and necessary step. Bearing in mind the increasing 

complexity of design problems, such transition requires the development of dedicated skills (Blessing 

et al., 2021). Hence, the attention given to this issue in design education. Among first initiatives in 

this direction, design studio courses aim at fostering multi-disciplinary project collaborations (De 

Vere et al., 2010; Dederichs et al., 2011). Courses like these can play a fundamental role for extending 

the frontiers of design. Nonetheless, there is an apparent lack of appropriate educational reference 

practices to encourage the development of multi- and trans-disciplinary skills and competences 

(Cascini, 2015). 

Interactions in collaborative approaches can be largely affected by the disciplinary composition of the 

mailto:casakin@ariel.ac.il
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team, with consequences for teamwork quality. This notion was investigated focusing on social-

related and task-related aspects (Hoegl & Germunden, 2001). For example, Keating and co-workers 

(2013) studied the impact of multi-disciplinary team collaboration on educational outcomes, showing 

that most influential issues were related to interpersonal relationships, personal expectations, as well 

as to team dynamics and management.  

While studies about multi-disciplinary team collaboration can be found in design literature, most of 

them focus mainly on design performance (e.g., Nesterkin et al., 2016). Moreover, none of them 

investigated multi-disciplinary collaborations from a teamwork quality view or compared it with 

mono-disciplinary teams. Hence, no related studies can be found in design or in design education. 

Therefore, the present study  which is contextualized in higher education in the framework of 

project-based design studio  deals with the following goals. The first goal is to identify what are the 

social-related and task-related aspects of multi-disciplinary and mono-disciplinary design teamwork. 

The second goal is to investigate how teamwork quality from the perspective of social-related and 

task-related dimensions might differ when comparing multi-disciplinary with mono-disciplinary 

teams. Based on these, implications about how to extend the frontiers of design education are 

presented. 

The research questions that will be addressed are: 

¶ RQ1: What are the comparative social-related and task-related dimensions of multi-disciplinary 

and mono-disciplinary design teamwork? 

¶ RQ2: How does multi-disciplinary compared to mono-disciplinary team composition influence 

the quality of design teamwork in terms of social-related and task-related dimensions? 

¶ RQ3: How can an analysis of teamwork quality inform the debate about extending the frontiers of 

design in the context of higher education? 

The work revealed that although working in multi-disciplinary teams enables a more comprehensive 

understanding of the design task, it requires capabilities and competences different than those from 

mono-disciplinary teams, which may challenge the quality of team dynamics and collaboration. 

Furthermore, working in multi-disciplinary teams can result in partly underexploiting specialist 

knowledge and competencies. It is proposed that these issues should be taken into consideration by 

both educators and practitioners, as well by those interested in extending the frontiers of design. 

Implications for teamwork in design education, and particularly for multi-disciplinary design studio 

courses are discussed. 

 

2 Background 

Designing has become a more complex activity than it used to be, and consequently information and 

knowledge other than from a single discipline are necessary to tackle problems. Design practice must 

deal increasingly with objects at different scales, from small industrial artifacts to cities, services, and 

organizations (Leblanc, 2021). Hence, a broader approach of not only the technological but 

environmental, scientific, social, and economic subjects is also necessary to cope with the new 

challenges that design poses nowadays (Blessing et al., 2021). Understanding and tackling such a 

multifaceted phenomenon demand more developed and interrelated knowledge, skills, and expertise. 

In higher education, the increasing interconnectedness among academic disciplines and the vast 

knowledge originating from the application of a variety of subjects has transcended specific academic 

fields (Kozmetsky, 1997). Consequently, the university started to be seen as the educational 

environment where to nurture ideas that may go beyond the frontiers imposed by the current and 

rather conservative organization of the fields (Ertas et al., 2003). Such a conception is gaining interest 

in design courses and is influencing design teachers to go beyond a mono-discipline educational 

approach, to center on domains that step ahead from traditional learning areas (Gericke et al., 2021). 
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This is partly due to the rich knowledge needed to deal with current design tasks, even in lab 

environments such as the design studio. Moreover, solving new and unique design problems demands 

the involvement of a spectrum of disciplines working in collaboration. However, there is a substantial 

lack of truly multi-disciplinary design educational programs and in most cases, these are not standard 

programs but honors ones. As part of an integrative pedagogical approach, teamwork can help rethink 

how design can be taught through the different disciplines in higher education. 

 

2.1 Multi -disciplinarity, Inter-disciplinarity and Trans-disciplinarity 

Three terms are being used in reference to the type of cooperation between different disciplines: 

multi-disciplinarity, inter-disciplinarity, and trans-disciplinarity. In spite of their differences, they are 

frequently and mistakenly used interchangeably (Grieke et al., 2021). Tharp and Zalewski (2001) 

defined multi-disciplinarity as a topic of research shared by many disciplines. Multi-disciplinarity is 

also related to studying a subject by multiple disciplines simultaneously (Nicolescu, 2005). The aim is 

to gain a large and common understanding of the phenomena by combining the different standpoints 

of the disciplines. While multi-disciplinarity extends disciplinary boundaries, it is achieved mainly in 

the framework and for the benefit of a specific discipline. Inter-disciplinarity, on the other hand, is 

about transferring methods from one discipline to another. Like multi-disciplinarity, inter-

disciplinarity transcends the disciplines but with the goal of creating new disciplines (Nicolescu, 

2005). Whereas trans-disciplinarity includes multi- and inter-disciplinarity approaches, its main goal 

is to understand the disciplines to unify knowledge (Nicolescu, 2005). Indeed, trans-disciplinarity 

encapsulates the notion of an integrated utilization of the techniques, tools, and methods from various 

disciplines (Ertas et al., 2003; Kozmetsky, 1997). 

The present work is based on an empirical approach that centers on complex design problem-solving 

in higher education. In this context, we propose that studying design collaboration of students from a 

multi-disciplinary perspective constitutes a suitable approach to explore the possible extension of 

design frontiers. As noted before, the intricacy of products has overcome the narrow frontiers of the 

disciplines, and dealing with design entails the collaboration of specialists from different disciplinary 

areas (Eckert & Stacey, 2021). When design collaborations are materialized in the framework of a 

multi-disciplinary team, opportunities for gaining new cross-cultural knowledge and skills emerge 

(Casakin & Badke-Schaub, 2015; Leblanc, 2021). Teams of this kind are supposed to have the 

specialized knowledge necessary for centering on specific aspects, jointly with a holistic 

understanding on the topic (Fernandez-Orviz, 2021). A capability for sharing different views at 

different levels of detail can lead to the development of inspirational ideas. Not less important, multi-

disciplinary teams can contribute to more meaningful, feasible and creative outcomes, and eventually 

to expand existing frontiers of the design domain. 

 

2.2 Multi -disciplinary and mono-disciplinary teams and design 

The advantages of multi-disciplinary teams over traditional mono-disciplinary ones have been studied 

in several fields with a focus set on team outcomes. A frequent approach in comparing the 

performance of these types of teams is to analyze quantitatively the produced outcomes by means of 

bibliometric indexes (e.g., Schummer, 2004; Levitt & Thelwall, 2008). Healthcare domain is a good 

example of this, where not few research on multi-disciplinary teams was carried out based on surveys 

and interviews. While related studies discussed a rich range of health issues that were efficiently 

tackled by multi-disciplinary teams, they also exposed several conflicts spanning from misalignments 

of team roles to problems in social dynamics (Jones, 2006). A main finding was the need to educate 

professionals capable of working in teams with members of diverse specializations (Dyer, 2003). 

Studies on multi-disciplinarity can be also found in design literature, and in project-based design 
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education. A few examples are works focusing on ICT technologies (e.g., Nelson & Ahn, 2018), and 

on virtual environments supporting team collaboration (e.g., Mengoni et al., 2009). Nonetheless, 

comparative design studies dealing with the dynamics of multi-disciplinary versus mono-disciplinary 

teams has yet to be carried out.  

The diversity that characterizes multi-disciplinary teamwork, however, can be counterproductive to 

the possibility of successful collaborations. Many of the involved disciplines may not have worked in 

cooperation yet to solve a design problem. Along the years they have constructed their own 

knowledge, terminology, approaches, culture, preferences, and priorities (Eisenbart et al., 2012). 

Specialization in a domain enables to develop design expertise for the sake of improving task 

performance, while enhancing the quality of the produced outcomes. Nevertheless, it can also narrow 

the perspective on the broad picture (e.g., restrict the capacity of designers in a certain field to 

recognize the value of issues from other disciplines that are alien to them) (Rees, 2010). In this regard, 

transcending the frontiers of mono-disciplinary approaches is challenging, and demands 

understanding commonalities and differences with other disciplines (Gericke et al., 2021). In the 

context of our study, the notion of extending the frontiers of design is understood as the sharedness of 

existing knowledge, tools, methods, and experiences by a certain discipline that are unknown to other 

disciplines, with the goal of contributing to a common understanding of the design situation while 

gaining new knowledge. To this aim, successful design collaboration plays a critical role when it 

concerns complex and multifaceted projects. However, this may be affected by the quality of team 

collaboration. 

 

2.3 Teamwork quality and design 

The concept of teamwork quality, introduced by Hoegl and Germunden (2001), assumes a critical role 

to study multi-disciplinary collaborative design and its influential factors. Teamwork quality is a 

thorough notion about the excellence of team interactions (Dayan & Di Benedetto, 2009). It is a 

critical aspect of team collaboration that was studied by focusing on social interaction factors ï e.g., 

cohesion and mutual support, and task-related factors ï e.g., communication and coordination (Hoegl 

& Gemuenden, 2001). These researchers found the two teamwork quality factors to be strongly 

related to team performance.  

In another study, Dayan and Di Benedetto (2009) showed that the quality of interactions among team 

members is a fundamental skill needed to create good and innovative products. However, they 

showed that teamwork quality can be reduced due to difficulties in getting members to communicate 

successfully and work jointly. Teamwork quality was also found to affect educational outcomes and 

the success of collaborative learning (Curĸeu & Pluut, 2013). The quality of social interactions at a 

team level showed to impact on knowledge creation, and eventually on team performance (Hong & 

Suh, 2017). Additional studies in the fields of R&D management and cognitive psychology 

highlighted the influence of task-related factors on teamwork quality. Kratzer et al. (2006) showed 

that low complexity tasks have a negative impact on the creative performance of R&D teams. In spite 

of the variety of works on teamwork quality, a primary focus tends to be set on its impact on team 

performance (Nesterkin et al., 2016). Some of these focus on the impact of training styles of multi-

disciplinary teams on design performance (Reich et al., 2009), or on reflections about learning 

outcomes from cooperative project-based approaches in engineering education (Abdulaal et al., 2011). 

A milestone is the work of Cooke et al. (2003), who investigated task-relatedness to teamwork 

knowledge, but still with a major attention on team performance.  

Relatively few works can be found on collaborative design dealing with social aspects and teamwork 

quality, and no studies on multi-disciplinary design investigated teamwork quality based on social-

related and task-related factors simultaneously. Therefore, in this work we investigate how multi-
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disciplinary compared to mono-disciplinary design teamwork affects the quality of collaborations in 

an educational environment, from a social and task-related perspective. Given the potential effect of 

teamwork quality on knowledge creation, we propose that studying the quality of team collaboration 

can inform about extending the frontiers of design. 

 

3 Methodology 

3.1 Design courses  

To address the research questions, a study was conducted in the context of two programs: i) A 

masterôs degree with students from architecture, industrial design and all branches of engineering 

disciplines. This took place in the 2019 edition of the ñDesign Methods and Processesò course of Alta 

Scuola Politecnica ï ASP (Benedetto et al., 2010; Ajmone et al., 2016), a program jointly fostered by 

the Politecnico di Milano and the Politecnico di Torino; and ii) A masterôs degree in the Mechanical 

Engineering study program at Politecnico di Milano, which included students who were enrolled in 

the ñInventive Design and Problem Solvingò course.  

The ASP is an honors program that comprises several courses organized as residential full-time 

weekly schools and a design project lasting one year on real-world problems (https://www.asp-

poli.it/home/our-projects/). On the other hand, the Mechanical Engineering course aims at delivering 

theoretical competences and practical skills on methods and tools supporting technical creativity in 

conceptual design activities. It involved an annual project proposed by an entrepreneur from a 

company. Examples of project themes are household appliances (e.g., washing machine, dish washer) 

for single users, and an integrated system intended for the regulation of tire pressure. 

The ASP project ï representing the multi-disciplinary team activity ï was used as a test group, 

whereas the Mechanical Engineering project ï representing the mono-disciplinary ï was used as a 

control group, i.e., as a benchmark to identify differences and similarities of teamwork quality in the 

context of design.  

The comparison between the two case studies is considered relatively unbiased since one of the 

authors was the coordinator of both courses and provided similar directions and tutorship in both 

projects. It is believed that through a retrospective analysis of the team activity that took place in the 

ASP and Mechanical Engineering courses, participants can offer important insights that transcend the 

courses themselves and be of value to identify key aspects in the design educational context, with 

possible implications for extending the design borders. 

 

3.2 Participants 

Students were requested to opt-out if they were not interested in participating in the study. Eight out 

of 140 ASP students representing different disciplinary backgrounds and course grades, and another 

five out of 50 Mechanical Engineering students accepted the invitation to take part in the study. 

 

3.3 Research approach 

The research method is based on semi-structured interviews (e.g., Kallio et al., 2016). The use of 

semi-structured interviews showed to be successful in several studies that analyzed the dynamics of 

teamwork (e.g., Sandoff & Nilsson, 2016). In the present work, they were characterized by a dialogue 

partially based on a predefined protocol, which was adapted to the ad-hoc circumstances as demanded 

by the interactions with the participants. The structure of the interview sessions was partly based on 

teamwork quality (task and social-related aspects). Interviews also included other topics that are 

beyond the scope of this research. To avoid potential biases, they were carried out after the evaluation 




