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My dissertation elucidates how art practice can be a useful and helpful model for learning, 

teaching, and conducting research for HCI and the broader STEM fields. It focuses on 

“improvisation”, a fundamental strategy and skill often used in the broader genres of arts, 

including cool jazz and the avant-garde. To achieve this goal, this dissertation provides three 

main chapters in which individual chapters explore different but interconnected topics about 

improvisation and aesthetic engagement for HCI.  

 

The first chapter, “Intermodulation”, embarks on theory building about improvisation. Based 

on various studies of improvisation drawn from art, music, HCI, the social sciences, and two 

ethnographic studies, we identify five key features of improvisational action (reflexivity, 

transgression, tension, listening, and interdependence). With this theoretical foundation, the 

second chapter, “Tech-Art-Theory”, explores the implementation of improvisational practice 

in HCI and STEM education. Based on three pedagogical interventions of our own at Cornell 

University, we point out three specific pedagogical conditions (socio-material evaluations, 

multi-sensory practices, and making safe spaces for error) that can support improvisational 

ways of learning and computing.  

 

In the third chapter, “The Electronicists”, we finally build our own research/inquiry 



 

framework called “techno-aesthetic practice” that pursues mediated creativity from the 

situated negotiation of engineering, art, and humanistic inquiries, including through the 

production of “techno-aesthetic objects” that can travel across and in some measure connect 

these worlds. The fourth chapter also provides an “Online Gallery” in which readers can find 

various curated audiovisual data and artworks that our research team has collected and 

produced during our ethnographic studies in the above chapters. Finally, this dissertation 

answers the question “How can HCI and STEM practitioners living in the early 21st century to 

benefit from improvisational art practice as a model of learning, teaching, and research?” 
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INTRODUCTION 

IMPROVISATION AND AESTHETIC ENGAGEMENT FOR HCI 

 
Can art practice be a pragmatic method for learning, teaching, and designing human-computer 

interaction (HCI)? Over the past couple of decades, the fields of HCI and design have 

highlighted the possibility of the arts as an important academic domain that can push and 

reconfigure existing understandings of learning, creativity, and arguably computing itself 

[52,86,102,103,201]. Diverse theories and practices in the arts, often held separate from HCI 

and design scholarships, help HCI see and imagine opportunities and dimensions of 

technology that may elude purely behavioral or engineering approaches. More recently, a 

range of artistic practices from performance-based [12,227] to collaborative making 

[86,92,109] to socio-political engagement [17,21,46,48,185] have been introduced as new 

ways of learning, conducting research, and producing technological artifacts in the fields of 

design, computer-supported cooperative work (CSCW), and HCI. By offering opportunities to 

integrate aesthetics and technological inquiries into more interdisciplinary platforms, these art-

based approaches have suggested unique and refreshing ways of approaching problem 

discovery and theory building, as well as revealing sometimes surprising sites of engineering 

creativity.  
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This meeting with HCI and the arts itself is a part of a longer engagement with the interaction 

of art and technology, which goes back many decades. Since the mid-twentieth century, the 

development of electronic and computer technologies combined with emerging genres of art, 

and the development of media art as a whole, have shown how two traditionally separate 

disciplines can interact and combine with each other [174]. From “Experiments in Art and 

Technology” (1967) to Paik’s “Good Morning, Mr. Orwell” (1986) to Eliasson’s “The 

Weather Projects” (2003), various art-and-technology projects have provided unique 

perspectives on what art and technology are supposed to be and how their different pursuits 

can be mixed to produce values and works that transcend and transform the capabilities of 

individual disciplines. As Billy Klüver, a Bell Lab engineer who co-directed the project “9 

Evenings: Theatre and Engineering” (1966) has mentioned, the introduction of artistic 

methods into engineering cultures can enrich and enliven both areas by imagining and making 

“something that neither of the two could individually foresee [174].”  

 

This Ph.D. dissertation seeks to extend these lines of interaction between art and technology 

by examining the potential of art practice as an effective method for HCI and computing 

inquiries in general. Specifically, this dissertation focuses on improvisational art practice, an 

approach and skill often employed in jazz music and other experimental genres of art. The 

main goals are to explain how improvisational art practice can be viewed and used as a 

method of learning, teaching, and designing computing in its own right, and to discuss its 

values and limitations in the HCI context. This dissertation approaches these goals by 
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exploring existing theories in the related fields, including music and arts, HCI, science and 

technology studies (STS), and education. It also reports on three series of empirical studies 

where our research team studied and collaborated with various musicians, artists, educators, 

engineers, and social scientists with respect to the themes of improvisation and art-and-

technology.  

 

Derived from a Latin word meaning “unforeseen”, improvisation generally refers to the 

practice and method of composing or making extemporaneously, using whatever can be found 

or whatever emerges in the situation without declaring clear rationales or specified goals 

[13,146]. This approach is part of virtually every musical and artistic tradition in the world, 

enabling the participants to discover unpremeditated aesthetics and skills that may not be 

revealed through other plan-based methods. Outside the worlds of musical and artistic 

performance, the language of improvisation has sometimes been adopted to underscore the 

indeterminate and evolutionary qualities of everyday human behavior, and as such has begun 

to challenge and inspire work across a broad range of disciplines from anthropology, 

economics and cognitive science to architecture and urban planning to mechanical and robot 

engineering [28,134]. 

 

However, the recognition of improvisation as a proper mode of academic inquiry is still 

controversial and underdeveloped in most non-artistic domains. Especially for those fields of 

study rooted in traditional behavior and engineering perspectives like STEM (science, 
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technology, engineering, mathematics), gaining knowledge and skills is often assumed to be a 

carefully ordered, predictable, and controlled activity, with less appreciation for the 

intervention of emergent, ineffable, or aesthetic factors unexpectedly arising in specific 

situations. The activity of making something, especially designing a technological artifact, is 

also assumed to follow a linear and status quo progression. By following a certain universal 

path, which is often framed as a series of iterations of “accept-analyze-define-ideate-select-

implement-evaluate”, the goal of making in this perspective is to solve specific problems 

identified by the designer’s a priori and logical plan [122]. By comparison, taking an open-

ended route without declaring a specified destination or problem is often understood as a 

lower level of learning approach or as a mysterious matter of expression rather than a proper 

approach to learning and making.  

 

Such an understanding of improvisational practice that emphasizes only its spontaneous and 

intuitive natures is, however, undoubtedly incomplete from the perspectives of music and art. 

As Berliner explains in the book Thinking in Jazz, such incomplete understandings arise 

mainly because improvisation is intrinsically not “a finite ability” or a universal method that 

its practitioners employ in any situation [13]. Instead, it involves indeterminate and 

perpetually shifting modes of expression, negotiating what they already have with those 

developed in specific situations. Thus, improvisation naturally and inevitably involves 

unpredictable, illogical, and spontaneous components that hold the outcome in suspense—but, 

at the same time, it depends on “thinkers having absorbed a broad base of musical knowledge, 
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including myriad conventions that contribute to formulating ideas logically, cogently, and 

expressively.” In other words, improvisation is neither a predetermined plan nor sheer 

extemporaneousness (or put simply, just “making something out of nothing”), but is rather 

enabled through processes of dialogue that continually arbitrate between freedom and 

structure, state-of-the-art and built-in conventions, and self-conviction and external validity. 

As Berliner highlighted, for those who attain fluency as improvisers and enjoy continuous 

artistic growth, an improvisational approach involves “the total immersion in the music’s 

language that its rigors demand.” 

 

Then, how can HCI interpret and accept such heterogeneous and often contradictory modes of 

learning and composing that follow a partly linear (e.g., logical, controlled, conventional) and 

partly non-linear (e.g., intuitive, situated, emerging) route? To explore this question, recent 

theoretical and empirical studies in the fields of science and technology studies (STS) and 

critical HCI have engaged in three main discussions: first, whether engineering and design can 

be fully linearized or partly situated and socially constructed; second, whether engineering and 

design can be solely driven by specific human authorities (e.g., designer, engineer) or 

constructed through more complex collaborations with other human and non-human 

participants; and third, whether engineering and design inquiry can be fully based on logical 

reasoning or inductively formed through other aesthetic engagements.  

Glossary 
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Before starting the discussions, this section explains the specific meanings of and differences 

among the terms “material”, “materiality”, and “artifact” as used in the dissertation. The word 

material refers to any physical and solid form that can be directly perceived by our visual 

(eyes) and tactile (body) senses. Trees, blackboards, and tuna flesh are all materials. The word 

materiality refers to the cognition of certain materials regardless of their physical forms—for 

example, some sounds (e.g., blackboard scratching), smells (e.g., smell of a woodshop), or 

tastes (e.g., tuna oil) may suggest their own materialities by provoking feelings about them in 

our cognition, but these are not considered real materials.  

 

The word artifact refers to any artificial things produced by humans (with technological 

assistance) using selected materials. Designed objects, artworks, and other crafted items are all 

artifacts. For example, a Danish wooden chair (artifact) can be made by carefully 

manipulating Danish wood (selected material, matter, medium) chosen from many types of 

wood (raw material) and wooden nails and glue (artifact, medium). The words object and 

installation are all artifacts: the former is used to refer to smaller, more craft-able items, 

whereas the latter describes a bigger size of artifact that often requires a specific site for 

presentation. 

Discussion 1: Can engineering and design be nonlinear? 

Are engineering and design inquiries supposed to be fully linearized and status quo activities, 

or can they be partly constructed by various nonlinear considerations specific to the situation? 
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From pure engineering and mechanical perspectives, “design” is a kind of purposive action 

oriented to pre-defined problems without considering other situational factors. Most STEM 

fields of study are built around this model of inquiry, often defining “making an artifact” as a 

“design” activity that follows the blueprint drawn by specific authorities (e.g., designer, 

engineer) a priori. However, such linearized understandings of design have been challenged 

and extended through both older and newer work in the fields of STS and HCI.  

 

For example, in the book Designing Engineers [23], Bucciarelli pointed out that such 

linearized visions of design process are “savant” and “utilitarian” understandings based on the 

presumptions that “scientific discovery becomes the determinant of technology’s functions 

and form” and “who and what determines the form and function of a technology starts from 

the marketplaces.” Based on his several empirical studies on the developments of various 

emerging technologies in the late twentieth century (e.g., x-ray inspection system, a photoprint 

machine, a photovoltaic energy system), Bucciarelli reported that the design of these 

technologies indeed involved more complex and richer processes where related social and 

cultural parties constantly negotiate variously situated ethical, political, and economical issues 

surrounding the object to be designed.  

 

Based on these empirical reports, Bucciarelli explained that design activity is not fully 

controlled or designer-centered, but naturally and inevitably involves ambiguous and uncertain 

processes that designers can never clearly plan out. In this indeterminate phase of design, a 
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wider range of social actors, including research scientists, marketers, accountants, and other 

stakeholders work together in both intentional and coincidental ways. Bucciarelli further 

argued that such ambiguity and uncertainty embedded in design process are not removeable 

factors, but rather opportunistic spaces where participants who have different pursuits can 

meet, agree, and negotiate to produce more mutually reciprocal and creative solutions.  

 

Similarly, the concepts of Social Construction of Technology (SCOT) [14], introduced by 

Pinch et al., attend to such extended visions of the design process. By examining various 

historical technologies such as bicycles, home cooking systems, and plastics, Pinch et al. 

explained that the invention and development of technologies is not only facilitated by 

ostensible factors such as its functional or market efficiency, but also framed by diverse needs 

and circumstances in relevant social groups. In order to explain such concepts in a more 

theoretical way, Pinch et al. employed the concept of EPOR (Empirical Program of 

Relativism) that explains how scientific knowledge is introduced and stabilized in society 

through three stages. In the first stage, the scientific knowledge undergoes interpretive 

flexibility, where its controversy can be interpreted in flexible ways according to different 

social groups. In the second stage, such interpretive flexibility disappears through scientific 

consensus affirmed by these groups. The third stage interprets such closure mechanisms in 

wider social-cultural contexts.  

 

Similar to EPOR, Pinch et al. explained that the developmental process of technological 
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artifacts also goes through certain steps of social construction, which starts with an 

“alternation of variation and selection”, “multidirectional model”, and “stabilization.” Thus, 

Pinch et al. explained that technological innovation is not fully developed based on the 

designer’s predefined and rational purposes, but is instead heavily constructed, selected, and 

stabilized by purposive and coincidental interactions among differently situated socio-cultural 

groups. 

 

Pinch et al. further indicated the problem with the linear model of technological development, 

implicitly adopted in most engineering cultures, that looks for specific conditions for 

economic success (Figure 1). The problem with this linear structure is that its analysis includes 

almost every factor that might influence innovation without exploring enough knowledge of 

technology itself. Pinch et al. mentioned that such analysis cannot be used as a basis for 

technology study since it ignores technological content, which should be the core factor in 

technology innovation. Pinch et al. mentioned that different social groups find different values 

and validity in the same technological artifact based on their situated socio-cultural 

environments. Therefore, Pinch et al. argued that the progression of technology is co-

constructed in terms of what technologies are chosen and by whom they are consumed. 
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Figure 1. Six-stage innovation process 

In the book Plans and Situated Actions, Suchman [213] looked at such extended views of 

design through more fundamental and cognitive science approaches by explaining how 

knowledge and action are constituted by the particular situation in which an action occurs. 

Suchman explained that most social science studies of design and technology use are often 

conducted based on traditional and Westernized scientific perspectives, arguing that “the 

purposeful action is determined by plan.” Suchman explained that such a plan-based 

perspective is an incomplete view of technology design and use because human action is 

necessarily situated where people use their circumstances to achieve intelligent action. 

 

Suchman further unpacked such a comparison between a “planning model” and “situated 

action” by reviewing existing theories in the social and cognitive sciences. Suchman explained 

that the planning model is traditionally influenced by three theoretical frameworks: the 

planning model, speech-act theory, and shared background knowledge. The planning model is 

a traditional concept in cognitive science that explains that a plan is a sequence of human 

actions designed to achieve a certain goal, and action is explained as a form of problem-

solving where the problem follows a path from an initial state to the originally designed goal. 

Speech act theory explains that language is a form of action performed to achieve a certain 

goal. In other words, language understanding is a linear analysis of an actor’s verbal 

expression of the plans those utterances serve. For example, A has a goal. The plan involves 
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asking B some information for A to achieve the goal. A executes the plan by asking B the 

question. B tries to understand A’s plan. “Background Knowledge” explains that we 

understand other actors’ actions depending on our background assumptions and knowledge. In 

other words, human actions are not interpreted by the world, but rather in terms of the 

knowledge of the world in which a researcher lives. 

 

Suchman rejected such a planning model that assumes an objective world of social facts and 

norms where people’s intelligence and actions ought to respond to them. Instead, Suchman 

argued that human actions are more situation-oriented, depending on material and social 

circumstance. Rather than representing human action as a rational plan, Suchman described 

the process of how circumstances cocreate intelligent action as a result. First, the action is 

chosen from other alternative courses of action based upon the anticipated consequences or 

outcomes. In order words, the action is just one result of these antecedent factors, and 

accounts of the action are just a report on the choices that the actor made. Second, a plan can 

be resources for situated action, but it doesn’t have the agency to determine its course. In other 

words, a plan may presuppose embodied practice and changed circumstances of situated 

actions, but it still does not represent those practices or circumstances in all their details. 

Suchman explained that plans can be used for post hoc analysis of situational action after the 

action is performed. In other words, rationality anticipates actions before the fact and also 

intentionally reconstructs them afterwards. 
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For example, Suchman explained such a process of situated action from how we interact to 

technological breakdown. When technology is working as we expect, our action proceeds 

smoothly, and the action is therefore essentially transparent to us, even if we can always 

rationalize our before-and-after actions. This idea is similarly described in Heidegger’s 

concept of “ready-to-hand” that introduces the phenomenon where a tool becomes invisible 

when it becomes inherently easy to use [78]. However, when these break down, inspection and 

problem-solving tasks should occur and prompt our actions to be more goal-oriented. In this 

case, the actor may need to formulate a certain plan (set of rules or procedures) to find the 

causes of the breakdown and their solutions. 

 

In short, these non-linear perspectives commonly explain that design activity should not be 

considered as a simple and single linear process, but rather viewed as a richer set of activities 

where diverse ostensible and indirect factors intertwine in complex ways. Bucciarelli argued 

that design is a collective social process involving diverse stakeholders. By accepting users 

and their socio-cultural circumstances as crucial factors in technology development, SCOT 

interprets design as a process of social construction where many important contributions of 

design are beyond the designer’s control or knowledge. Suchman explained that human 

activity is not as purposive as we think, and therefore human a priori controllability should be 

reconsidered by looking at the situation and circumstances in which the action is taken.  
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Discussion 2: Can engineering and design be non-human-centered? 

Extended from the above socially-constructed and situated understanding of design, recent 

theoretical works, especially those based on post-humanism, have explained that design 

activity is not fully dominated by humans, but is rather strongly influenced and even driven by 

non-human actors. Such works commonly involve a “non-human-centered” perspective, 

where human beings are not the most significant entities in the world, nor those who are solely 

capable of creating and understanding the object world. Instead, these works include various 

non-human actors (material, technology, animal, plant, etc.) as equally empowered interactive 

participants that can influence and alter the subject’s cognitive process in a design situation. 

For example, Hutchins’ book Cognition in the Wild [95] introduced the concept of “distributed 

cognition”, which explains that human thoughts and behaviors are not entirely framed or 

controlled by the individual’s intention, but are instead “naturally-occurring and culturally-

constituted” while interacting with surrounding socio-material actors.  

 

Hutchins also pointed out the problem of the prevailing study method in cognitive and social 

sciences, which looks only for analytic interpretations of obvious and visible events occurring 

between humans (like interviews) without much consideration of material contributors that 

naturally surround and affect what they say and how they behave. Hutchins explained that 

knowledge expressed and expressible in language is usually “declarative knowledge”, in 

which people tend to say what they clearly know. However, such methods ignore other 
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possibly important factors if they exist beyond the actor’s perception. Hutchins mentioned that 

human cognitive science should be studied in the environment where human cognition adapts 

to its natural surroundings rather than in controlled captivity. Hutchins maintained that human 

cognitive processes are not done by an individual but can be distributed across diverse 

components, including: 1. human social groups, 2. material actors and environmental 

infrastructure, and 3. time in which earlier events affect the nature of later events.  

 

Hutchins maintained that the idea of such distributed cognition allows us to interpret human 

cognitive activity linked with the culture, context, and history in our society. Hutchins 

reported on an ethnographic study on a navigation system showing how the human cognition 

system (computation and memory) interacts with and responds to the material system. Based 

on this, Hutchins’ idea was to put cognition back into “the wild” where human cognitions like 

memory and computing are not just influenced by culture and society, but also is in a very 

fundamental sense a cultural and social process. Therefore, in order to understand human 

cognitive activity, it should be watched and interpreted in its socio-material circumstances, 

where context is not a fixed environment but an open-ended process of which individual 

cognition is only a part. 

 

In the book Reassembling the Social [127], Latour also echoed such a “non-human-centered” 

perspective through his actor-network-theory (ANT), where human and non-human are both 

considered as interactable social members. ANT explains that our world is extremely 
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complicated and constantly changing, where diverse human and non-human actors create 

complicated and intertwined relationships. Latour highlighted that non-human things also have 

a certain kind of “agency” that influences and frames other actors’ qualities, although they 

may not have an active existence in human perception. Latour mentioned that these non-

human actors include various things around us such as technology, artifacts, nature, germs, 

and more. Latour also clarifies that the capacity of agency is not fully based upon the actor’s 

own original capacity and innate essence. Instead, it appears as a dynamic and “relational 

effect” of how the actor’s network is constructed, what kinds of human and nonhuman actors 

comprise the network, and how these actors interact with each other. In other words, one’s 

social agency and its influential social capacity are not determinate, but continuously framed 

by what human or non-human actors are allied or compete with each other inside the network. 

 

In addition, Latour explained that inviting certain actors into the subjects’ world requires a 

process of “translation” in which they need to interpret and understand the other actors’ 

different languages. In most cases, however, two different languages cannot be exactly and 

identically translated to one another. Thus, this translation may produce some harmonic 

language and reciprocal interaction, but inevitably generates new problems and challenges 

between the actors. In other words, Latour explained our world as a continuous process 

whereby human beings utilize, adopt, and invite other actors in their networks to solve and 

fight against certain social problems. However, they also confront new problems in their 

translation process and invite other actors to help solve them, and so on over time. Therefore, 
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Latour explained that our society always goes through an ongoing and constant process of 

network construction and deconstruction through complicated and rich interactions between 

human and nonhuman actors. 

 

In his work The Textility of Making [96], Tim Ingold also echoed this non-human-centered 

perspective by highlighting the role of materially engaged interaction in general design 

situations. Ingold explained that older and even much current understanding of how 

technology is created are heavily based on the Westernized model of creation, which he 

frames as a “hylomorphic” perspective. This perspective assumes that making is mostly about 

how designers give certain matters (hyle) more teleologic forms (morphe) with specific 

ontological functions by using the designers’ given senses and a priori abilities. Ingold 

critiqued such a unilateral and function-oriented model of making that exalts human 

knowability and controllability, arguing that the forms of artifact indeed “arise” within fields 

of influence and flows of surrounding social and (especially) material actors. Therefore, rather 

than describing making activity as fulfilling a previsioned step-by-step solution, Ingold framed 

it as a more organic and interactive practice with materials like in “weaving”, where designers  

“bind their own pathways or lines of becoming into the texture of material flows comprising 

the lifeworld.” 

 

To support such a materially driven way of making, Ingold explained how Paul Klee, a Swiss-

born German artist of the early twentieth century, explained his art-making process. In his 



 

 

 

 

 

17 

 

 

interview, Klee mentioned that “Form-giving is life” and “Form is the end, death”, and 

highlighted how the process of making by interacting with the materials (“giving rise to forms 

in the world”) was a more important and enlivened experience for him rather than just 

attaining the final functional form. Klee further explained that what, how and why he made art 

was not to “give effect to a preconceived idea, novel or not, but to join with and follow the 

forces and flows of material that bring the form of the work into being.” Klee also mentioned 

that the artifacts produced from such weaving and dialogic processes with material actors 

invite their viewers and users to join the designer as “a fellow traveler” – like a translator in 

Latour’s point of view, unpacking the possible value and role of the designed object as it 

“unfolds in the world, rather than behind it to an originating intention of which it is the final 

product.”  

 

Such inconclusive and dialogic understanding of material and artifact has also been 

highlighted by various historic and contemporary artists. For example, Pablo Picasso 

explained that his painting is “not thought out and settled beforehand” because his thoughts 

often change “while it is being done.” Picasso also explained that even when it is finished, it 

continuously “goes on changing, according to the state of mind of whoever is looking at it 

[117].”  William Kentridge, a contemporary South African artist, similarly explained how 

"giving over to the medium” is crucial to his art-making process, and highlights the role of the 

“art studio” for those who produce artifacts [119].  Kentridge framed such specific making 

space as “a trust placed in the physical” where new thoughts and images can emerge through 
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various physical interactions and experimental dialogues with material actors by doing from 

“drawing, filming, walking” to “reviewing, rewinding, checking.” 

 

In short, this non-human-centered point of view of making understands that non-human actors 

(materials, artifacts) are neither fully settled nor subordinate to specific purposes or 

preassigned goals. Instead, they recast these non-human actors as more independent living 

entities in our world, and that where, why and how they exist are “in movement, in flux, in 

variation [96]” based on different space-time contexts. These non-human-centered 

philosophies commonly explain that material and artifacts may involve certain properties and 

functions, like Latour’s “agency”, Heidegger and Harman’s “essence”, or Bogost’s 

“inviolability” that “withdraws” from the world of human understanding, even as it 

proliferates and converts into a new and surprising combinations over time. Such theoretical 

viewpoints naturally suggest a more equally empowered and flatter ontological perspective 

between human and material actors, in which humans are participating in rather than 

dominating a world of animate and inanimate things. 

Discussion 3: Can engineering and design be aesthetically engaged? 

In addition to these nonlinear and non-human-centered discourses, another recent discourse 

has questioned whether aesthetic engagements like following one’s conviction and artistic 

intuition can be a part of engineering and design inquiry. In the fields of music and art, such 

personally oriented and less logical modes of inquiry like listening to one’s “gut feelings” or 
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“peculiar presentiments” are considered crucial for promoting one’s unique creativity and 

learning. As Bill Evans, an American jazz pianist, put it, “This conviction that direct deed is 

the most meaningful reflection, I believe, has prompted the evolution of the extremely severe 

and unique disciplines of the jazz or improvisational musician [54]”.  Exploring new artistic 

results “by doing” something that they perceive as aesthetic in the situation has been one 

important approach in broad genres of art, including jazz and other experimental and 

expressive arts. However, since such an approach following “aesthetic”, derived from the 

Latin word ‘αἰσθάνομαι’ meaning “I feel or perceive [214]”, is in fact neither fully based on 

logic nor directly related to utilitarian benefits, its possibility and value are often neglected by 

the scientific and engineering communities. In many cases, aesthetic inspirations are often 

reported as “coming to them in a sudden flash of insight” or “arising as if out of nowhere”, 

and are thus understood as mysterious expressions or magical spells, like “gifts” given by the 

nine Muses who protected the arts and aesthetics in ancient Greek culture [117].  

 

In this discourse, recent studies in learning science and education, especially those based on 

constructivism, constructionism, and pragmatism, have started investigating how exploring 

inner voices and aesthetic feelings can promote more creative and reflective ways of learning. 

For example, in the book Tacit Dimension [166], Michael Polanyi explained that human 

cognition inevitably uses ineffable and tacit ways of knowing, and what they perceive and 

learn in a given situation are usually developed and apprehended intuitively, which may not be 

fully expressible or reasonably describable in either verbal or written form. Summarized as 
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“we know more than we can tell”, Polanyi’s idea of learning highlighted such “ineffability” as 

perceived through multisensory approaches (i.e. seeing, hearing, doing, and touching) by 

using their own unique bodies, which he called the “ultimate instrument” of human cognition.  

 

Polanyi further pointed out the importance of “conviction” in general learning situations, 

which drives learners enthusiastically to explore the “indeterminate” implications of the 

discovery made at the end of the experience. Polanyi explains that much learning is acquired 

when the learner is confronting reality, which “may yet reveal itself to future eyes in an 

indefinite range of unexpected manifestations.” Like the artists following their aesthetic 

inspirations, Polanyi also highlighted learners’ peculiar intuitions and convictions, sensing and 

exploring the presence of a hidden reality, as critical engines that promote their motivation and 

creativity. However, Polanyi also pointed out the possible risk of pursuing only one’s personal 

conviction because such a mode of inquiry may lead learners to a state of “self-indulgence” 

where they end up being caught in the existing narrowness of their own worlds without 

developing mutually reciprocal knowledge and skills with others. To avoid this risk, Polanyi 

suggested a “balanced state” and “compelling sense of responsibility” on their convicted 

actions where personal and impersonal, responsibility and intuition, self-conviction and 

external validity all create a certain “tension” to find a stable alternative to the ideal of 

objectivity.  

 

In addition, in various works (see inter alia, [43,44]) John Dewey also highlighted how the 
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learning approach that carefully considers the learner’s ineffable conviction and personally-

oriented mind can not only promote unique and creative learning results, but also can suggest 

an “aesthetic experience” for the learners. Similar to Polanyi, Dewey also admitted that 

learners may have certain mindfulness and learning curiosity about some things that are 

initially vague and difficult to clarify, especially at the outset of the experience. However, 

these ineffable attractions and curiosities are “just that which it is and not anything else” and 

have a “total and massive quality” by which learners can clearly perceive their unique 

existence in their minds, even if they are unable to logically describe what they are. To 

support such an idea, Dewey explained how Friedrich Schiller, a late 17th-century German 

poet, reported his writing process as “With me the perception is at first without a clear and 

definite object. This takes shape later. What precedes is a peculiar musical mood of mind. 

Afterwards comes the poetic idea”. Dewey also explained that the active side precedes the 

passive side in general human learning by mentioning “expression comes before conscious 

impression; that the muscular development precedes the sensory; that movements come before 

conscious sensations.” Dewey argued that our consciousness is essentially impulsive and 

personally oriented, which tends to project itself in action in the situation.  

 

However, since this mode of learning involves an indeterminate learning destination in which 

the learner “does not know where it (destination) is going”, Dewey underlined the critical role 

of “reflection” in learning through which the learners can consciously frame and “reconstruct” 

the ineffable side of their learning to more explainable and validated learning results. Dewey 
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explained that such intervention of conscious “thought” in the experience allows a learner to 

understand how doing and knowing are interconnected, as well as helping them build their 

own “convictions” regarding what they intend to learn about and pursue. Therefore, Dewey 

argued that the role of the educator is neither to simply satisfy the learners’ instant needs and 

unknown inspirations, nor to oppressively feed them already-existing knowledge. Instead, 

Dewey suggested a more negotiated learning space where learners can “try” their convictions 

and “undergo” their external validities and feedback from other social members. Through such 

a reconstructive and reflective process of learning, the learner’s ineffable and intuitive 

behaviors become more “thoughtful action” in which “the present impulse gets form and 

solidity while the old, the stored material is literally revived, given new life and soul through 

having to meet a new situation.” [44] 

 

Another important point that Dewey considered in the learning experience is the process of 

“trans-action”, which appears in his later work, Knowing and the Known [77]. In this book, 

Dewey and Bentley described the relationship between a learner and the learning situation not 

as an “action-reaction” relationship, but rather as a more organic integration. By avoiding the 

traditional perspective whereby the subject (knower) and the object (known) in the cognitive 

process are separate and distinctive entities, Dewey argued that their qualities are in fact 

precarious states where all socio-material actors participating in the learning situation are 

continuously changing and mutually affecting each other. In other words, the learner’s 

cognition can never be separated from the learning environment, and the environment also 
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exists and is established through organic interaction with the learner and other socio-material 

participants. Therefore, human cognitive process is an integral part of an interdependence 

between the human (organism) and the environment. In this point of view, the subject “I” and 

their cognitive processes are not fully static or separate from the situated world, but rather 

continuously reconstruct their qualities and agencies while the subject builds a variety of 

interdependent relationships with other cognitive actors.   

 

In this section, we discussed whether aesthetic engagement can be a part of engineering and 

design inquiry. As British furniture designer and design researcher David Pye mentioned in 

the book The Nature and Aesthetics of Design [173] , many design choices from making 

wooden chairs to advanced technology often follow “not logical or rational” reasons, but 

instead represent designers’ “aesthetic decisions” of their own, which cannot be elaborated 

using words or logic. To support such an aesthetically engaged approach to design and 

learning, this discussion reviews the learning theories in Polanyi and Dewey, which have 

highlighted the balance between conviction and structure as constituting an essential (if 

sometimes uncomfortable) tension that can call forth unexpected moments of creativity, 

learning, and aesthetic experience.  

Methodological Approaches 

Extending from the topics of these discussions, this dissertation discusses how we can learn, 

teach, and design HCI through improvisational art practices which may entail more non-linear, 
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non-human-centered, and aesthetically engaged ways of learning and making. To approach 

this goal, this dissertation involves two main methodological approaches. First, it involves 

theory analysis on improvisation established by various research studies in music and the arts, 

science and technology studies (STS), education, and HCI. Through this analysis, this 

dissertation seeks to illuminate the improvisational nature of practice in both art and ordinary 

action, including human-computer interaction. 

 

In addition, this dissertation uses ethnography based on grounded theory [211] as a main 

empirical method. More specifically, empirical parts of this dissertation employ three specific 

ethnographic techniques. One is in-depth interviews. All major participants in our three 

collaborative art projects (Intermodulation, Tech-Art-Theory, The Electronicists) sat for semi-

structured interviews, sometimes across several sessions, about their working processes, 

results, and experiences of the projects.  

 

Another approach is art-based ethnography [8,129], a key component of which is utilizing 

produced artworks from field sites as important heuristic evidence that allows researchers, 

artists, and audiences to access and reconstruct the topics of the projects in more aesthetic and 

material ways. For this, all of our projects involve a series of art shows and exhibitions 

presenting our own participatory artwork with reception and demonstration time through 

which our research team can study the participants’ in-depth socio-material experiences. 
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The third approach is participatory observation based on video ethnography [129,165] that 

analyzes participants’ behaviors in specific natural situations to articulate the social, material, 

and environmental contingencies of the fields. For this, our research team has additionally 

recruited a couple of videographers who captured the details of the making and collaborating 

processes. All videos were recorded with the participants’ consent and then transcribed, coded, 

edited, and analyzed by our research team. During and after the collaboration, the edited 

videos were also shared with other participants to reflect on and discuss their creative 

processes over email and social media.  

 

Our approach integrates such theoretical, ethnographic, and collaborative art practices and is 

meant to produce more resolutely socio-material forms of research practice. Compared to 

more purely ethnographic forms of HCI work, this approach goes beyond simple interviews or 

observations to include rich material engagements, aesthetic explorations, and complex social 

interactions. Such integrated and holistic approaches offer HCI researchers deeper and more 

multidimensional access to the collaborative and creative processes under consideration, and 

provide richer understanding of our research goal to explore how humans, computers, and 

other socio-material actors are related and connected in the situation. 

Chapters Overview 

This dissertation comprises three main chapters. The first chapter, Intermodulation, explores 

improvisational activity as both a topic and tool of multidisciplinary HCI inquiry. Building on 
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theories of improvisation drawn from the arts, music, HCI and social science, and two 

ethnographic studies based on interviews, participant observation, and collaborative art 

practice, we seek to examine the improvisational nature of practice in both art and ordinary 

action, including human-computer-interaction. From this, the chapter identifies five key 

features of improvisational action: reflexivity, transgression, tension, listening, and 

interdependence to and show how these can deepen and extend both linear and open-ended 

methodologies in HCI and design. This chapter concludes by highlighting collaborative 

engagement based on “intermodulation” as a tool of multidisciplinary inquiry for HCI 

research and design. 

 

The second chapter, Tech-art-theory, explores the nature and potential of improvisation as a 

method for learning and teaching in the context of human-computer-interaction. The chapter 

starts by reviewing concepts of improvisational learning in classic and more recent work in 

educational theory, art and music, and HCI that emphasize the reconstructive, materially-

driven, error-engaged, transgressive, and collaborative nature of human learning processes. It 

then describes three pedagogical interventions of our own in which improvisational techniques 

were deployed as methods of teaching and learning. From this integrated study, we report 

specific pedagogical conditions (socio-material evaluations, multi-sensory practices, and 

making safe spaces for error) that can support improvisational learning, and three common 

challenges of HCI pedagogy – relevance, assessment, and inclusion—that improvisational 

methods can help to address. 
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Based on this analysis on improvisation and art practice, the third chapter, The Electronicists, 

finally builds a theoretical and methodological framework called ‘techno-aesthetic practice’ 

that intends to support art and nonlinear (situated, materially-driven, and multi-sensory) 

practitioners and modes of inquiry in HCI and the broader STEM fields. We first investigate 

recent literatures in HCI and STS that explain nonlinear modes of human cognition and 

creativity in processes of technology design. We then outline the need for a clear framework 

that helps nonlinear types of leaners and makers to actively engage in HCI design and 

research. To meet this need, we studied three renowned art-and-engineering practitioners 

(Billy Klüver, Nam June Paik, Bob Moog) and our own experimental project titled ‘The 

Electronicists’ in which eleven participants from different disciplines collaborated to produce 

three hybrid works. Based on the above studies, we propose a framework of ‘techno-aesthetic 

practice’ that pursues mediated creativity at the interface of engineering, art, and humanistic 

inquiries. We suggest trust-based experiments, error-engaged studio, and art-based 

ethnography as methodological tenets of this approach. 

 

This dissertation also includes our own online galleries (Chapter 4) in which readers can 

watch and experience the collaborative artworks that have been produced throughout our 

projects (Intermodulation, Tech-Art-Theory, The Electronicists). In addition to providing 

audiovisual ethnographic evidence, the main role of this gallery is to provide the readers with 

heuristic spaces in which they can engage with and discuss the topics and questions addressed 



 

 

 

 

 

28 

 

 

in this dissertation. 

 

The conclusion summarizes the above three chapters and explains why it important for HCI to 

adapt more improvisational learning, teaching, and design techniques today through three 

major points of view: (a) uncertainty and the pace of change in rapidly evolving socio-

technical environments; (b) more autonomous and complex forms of inquiry driven by 

technological development; and (c) more careful social and intercultural considerations in the 

learning, teaching, and development of computational and engineering systems. 
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CHAPTER 1 

INTERMODULATION:  

IMPROVISATION AND COLLABORATIVE ART PRACTICE FOR HCI1 

 

1. Introduction 

“This conviction that direct deed is the most meaningful reflection, I believe, has prompted 

the evolution of the extremely severe and unique disciplines of the jazz or improvisational 

musician… Aside from the weighty technical problem of collective coherent thinking, there is 

the very human, even social need for sympathy from all members to bend for the common 

result.”- Bill Evans, liner notes to Kind of Blue [54] 

The introduction of artistic methods and processes into academic research can enrich and 

enliven both research and art. In the HCI research community, art-based methods have begun 

to push and refigure core HCI notions of collaboration, design, and arguably computing itself 

 

1 A slightly edited version of this chapter has been published as “Kang, Laewoo Leo, Steven J. Jackson, 
and Phoebe Sengers. "Intermodulation: Improvisation and Collaborative Art Practice for HCI." 
Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems. ACM, 2018” [111]. 
I and Steve designed and conducted art-based ethnography study ‘Intermodulation’. I analyzed the data 
on my own; Steve and Phoebe gave feedbacks that shaped the direction of analysis. I wrote the first draft 
and later revisions with feedback from Steve and Phoebe.  
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(see, inter alia, [52,86,102,103]). Artists’ creative processes and outcomes can help us to see 

and imagine opportunities and dimensions of technology and design that may elude more 

behavioral or engineering models [8,51,129]. In recent years, a range of artistic practices – 

from performance-based, to collective making, to adversarial engagement - have been 

highlighted as types of research methods that may draw on, widen, and extend 

interdisciplinary and experimental approaches [12,19,46,100,123]. 

 

This chapter builds on this work to explore the forms of improvisational and open-ended 

learning commonly found in collaborative art and musical practices, and their potential as 

methods for HCI research and inquiry. Rather than casting improvisational art practices 

primarily as a step on the way to more systematic forms of thinking [122], as mysterious and 

personal matters of voice and expression [117], or as inscrutable sources of inspiration for 

more recognized forms of scholarly work, here we explore their potential as valid and 

generative research sites and activities in their own right. Our goal is to further understanding 

of the potential and nature of such artistic approaches to generating insight for HCI research. 

We do so by exploring existing theory and two sets of empirical studies based on the study 

team’s ethnography and collective art practice. 

 

Derived from a Latin word meaning “unforeseen”, improvisation refers broadly to the practice 

of composing or inventing extemporaneously, through some kind of responsive and 

situationally-dependent departure from pre-formed plans or expectation [145,192]. More 
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recently, the word has been used to indicate a process of “un-premeditated” composition or 

performance across a wide range of fields or endeavors. Outside the worlds of musical and 

artistic performance, the language of improvisation has sometimes been adopted to underscore 

the indeterminate and evolutionary qualities of everyday human behavior, and as such has 

begun to challenge and inspire work across a broad range of disciplines: from anthropology, 

economics and cognitive science; to architecture and urban planning; to mechanical and robot 

engineering [85,134]. 

 

HCI work to date has explored improvisation across several dimensions. This includes 

theoretical analysis around forms of complexity and uncertainty in human-computer 

interactions and the emergent and “circumstantial” character of human action 

[2,19,143,148,213]; and as a creative methodological approach wherein improvisational 

practices are employed in the service of ideation, discovery, and the elicitation of user 

preferences and worldviews [71,72,177,228].  

 

This chapter seeks to extend these lines of analysis in several key directions. Drawing from an 

integrated program of theory, ethnography, and collaborative art production, we argue for 

improvisation as (a) a form of active learning that fosters emerging creativity through tension 

between structure and freedom, and (b) a holistic and complex socio-material practice that 

transcends and transforms the experience and capabilities of individual creative actors. We 

identify five key features of collaborative improvisational practice – reflexivity, tension, 
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transgression, listening and interdependence – and explain their relevance to other linear and 

open-ended methods in HCI and design research. Finally, we explain how a process of 

intermodulation can be one way to explore multidisciplinary creativity and knowledge for 

HCI design.   

 

The chapter that follows proceeds in five main stages. First, we review approaches to 

improvisation in art and music to understand how improvisation functions as an ordinary 

feature of human learning and collaborative creativity. Next, we review related HCI work that 

explores the nature of improvisation both theoretically and methodologically. We then report 

on two ethnographic and improvisational projects of our own. The first involves an extended 

interview and observational study with fifteen media artists and musicians who employ 

improvisation as central methods of creative work. The second, ‘Intermodulation,’ involves a 

series of collaborative improvisations undertaken in conjunction with three groups of amateur 

and professional musicians, culminating in a series of public audio-visual performances. In 

discussion, we outline five key dimensions of improvisational action, and explain how this 

understanding of improvisation can challenge and extend existing HCI theory and methods.  

The chapter concludes by exploring the potential of improvisational methods for multi-

disciplinary HCI inquiry.  

2. Improvisation in Art and Music 

Improvisation as a process of emergent and un-scripted behavior is broadly accepted in the art 



 

 

 

 

 

33 

 

 

and music fields, especially in contemporary art and jazz, as a way of producing more 

effective, open-ended, and sometimes participatory aesthetic and creative outputs. When 

individuals or groups are working in an improvisational mode, their actions do not follow a 

linear and predetermined plan, but are taken contingently in response to the emerging contours 

of real-time situations. Take for example, Picasso’s creative process, as captured in the film 

‘The Mystery of Picasso [34],’ a five hour time-lapse video shot in Picasso’s studio. As 

Sawyer [191] describes: 

In his studio, Picasso is painting free-form, without preconceived image or composition; he 

is experimenting with colors, forms, and moods. He starts with a figure of a reclining nude, 

but then loses interest, and the curve of the woman’s leg reminds him of a matador’s leg as 

he flies through the air after being gorged by bull - so he paints over the nude and creates an 

image of a bull and matador. But this leads him to yet another idea; he paints over the 

bullfight image and begins work on a Mediterranean harbor - with water-skiers, bathers in 

bikinis, and a picturesque hilltop village. The free-form inspiration continues. Five hours 

later, Picasso stops and declares that he will have to discard the canvas - it has not worked. 

But time was not wasted- he has discovered some new ideas, ideas that have emerged from 

his interaction with the canvas, ideas that he can use in his next painting. Picasso says, 

“Now that I begin to see where I’m going with it, I will take a new canvas and start again.”  
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Figure 2. Pablo Picasso’s process in ‘The Mystery of Picasso’ 

From a woman’s leg to a Mediterranean harbor to “I will take a new canvas and start again”, 

Picasso’s idea does not follow a linear progression or blueprint, but continuously changes 

through both purposeful and accidental interactions with the circumstances around it. Such 

uncertainty and non-linearity might appear at first glance random or without a plan, especially 

when considered from a traditional behavioral science or engineering perspective. But doing 

without preconceived images does not automatically imply doing without plans, or finding 

alternative solutions only when plans fail. As the film reveals, although Picasso does not work 

from a ‘master plan’ of the work, he is planning all the time, continually adjusting his 

behavior and creative ideas to the shifting circumstances around him.  
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In the music and art theory literatures, such improvisational activities have been understood in 

two broad ways. The first involves the musical and creative capacity to accommodate to 

emerging developments in the musical or artistic situation. This may emerge in response to 

unanticipated shifts in the material environment [82,145]: for example, as happened during the 

19th century when the number of keys on pianos was dramatically increased and traveling 

pianists could not always anticipate which instrument they would encounter in upcoming 

concerts. Improvisation may also emerge as a response to unanticipated breakdowns or 

glitches: for example, when one or more piano strings broke during performance (a frequent 

occurrence in the instruments of this era). Under such circumstances, musicians were required 

to develop alternative variations on the fly, bringing unexpected circumstance into alignment 

with the original plan of the music (and in cases of group performance, this adjustment would 

need to be accomplished collaboratively). Improvisation in this mode builds on the capacity 

for agile and flexible response to the vagaries of uncertain and unstable situations.  

 

In other instances, musicians and artists may seek to exploit or create uncertainty as a 

mechanism of discovery and expression, making breakdown in effect a ‘feature’ rather than a 

‘bug’. For example, jazz musicians may play exploratory and unplanned notes called ‘blue 

notes’ in search of new musical phrases and expressions, whether in composition or in live 
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performance [121].2 While this highlights a more adventurous and purposive mode of 

improvisation and involves forms of risk and uncertainty that hold the outcome in suspense, it 

remains for all that accountable: to the stipulation that the music continue to unfold in 

“logical, cogent and expressive ways” [13]; to the norms and conventions of distinct musical 

traditions, including the convention of violating convention, where this holds (e.g., punk 

rock); and to a certain threshold of coherence or fit to both audience expectation and other 

members’ sound. Thus, even where spontaneous and intuitive, improvisation may rest on deep 

structures of continuity and expectation that ensure the new phrase or concept remains broadly 

intelligible, even when surprising. This balance between novelty and tradition, structure and 

freedom, constitutes the essential tension that shapes and animates improvisational work.  

 

In contemporary experimental music and media art, improvisational creativity has been 

explored through languages and practices ranging from indeterminacy and appropriation to 

bricolage and the ‘ready-made’ movement. Mid-century artists like John Cage and Nam Jun 

Paik explored the “situational” nature of aesthetics and creativity through a range of novel, 

often transgressive, works (see, inter alia, [26,27,155]). Cage’s idea of the “indeterminate 

 

2 Jazz pianist Thelonious Monk for example was a master of the ‘blue note’, a ‘mis-struck’ note (a seventh 
in place of an expected octave, adjacent note pairs, etc.). While jazz historians have attributed this to 
Monk’s unusually flat hand technique (resulting in adjacent keys being occasionally struck together), this 
quickly became a distinctive and widely copied feature of Monk’s influential style, and an iconic feature 
and figure of jazz (along with the name of a leading New York jazz club and record label). 
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score” emphasized the interaction of musical creativity with uncertain situations. Driven by 

the desire to “let things be themselves”, the role of the composer in this type of music is no 

longer to determine the musical outcome through a traditional notation system with a fixed 

and precise relation between notational symbol and sound; instead, the composer “determines” 

a set of rules which performers and audience members interpret to regulate and produce 

situated sound experiences [59]. Nam June Paik’s interactive art work (including 

‘Participation TV [156]’) explored forms of “audience activity” embedded in television media, 

as well as the forms of “indeterminacy” producing unexpected feedbacks via on-going 

participation. 

 

More recently, an emerging field of critical studies in improvisation [134] explores 

connections and patterns in improvisational practices across a broader range of practices and 

disciplines. Some researchers in this field have sought to connect and interpret improvisational 

practices according to behavioral science or engineering models, casting individual practices 

of creativity and improvisational action as a form of real-time planning and adjustment under 

languages like “error-correction” [170] or “monitoring-planning-executing” [175]. Others 

[149,190] have emphasized instead the nature of improvisation as an emergent group 

phenomenon in which improvisational actors react not only to changes in surrounding 

circumstances, but also intuitively participate and contribute to a kind of “group flow,” 

achieving (where successful) “interactional synchrony” at the collective and holistic level. 

This group flow emerges as an interactive property of the group, and is often named by 
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participants and analysts alike in fleeting and elusive, even mystical, terms – chemistry, feel, 

style, etc.  

3. Improvisation in HCI 

In early HCI work informed by influences from behavioral science and engineering, human 

activity was often understood as a kind of purposive and goal-directed action unfolding 

through linear, instrumental, and broadly predictable progressions [14]. This perspective 

interpreted interaction as a series of action-reaction (or stimulus-response) couplings between 

individuals and environments with less appreciation for the active and emergent properties to 

be found in the circumstantial and material factors shaping and defining interactive situations. 

Such instrumental and mechanical understandings have however been challenged and 

extended through older and newer work in HCI theory and design methodology.  

 

Suchman [213] for example has emphasized the situated character of human action and its 

dependency on emergent material and social contexts. Rejecting plan-based models of human 

cognition then prevalent in Artificial Intelligence and HCI, Suchman describes instead how 

circumstances co-create intelligent action, providing resources that help structure action 

without fully determining its course. Agre [2] builds on this insight to connect questions of 

determinate planning and action to the indeterminate properties of situations, which remain 

complex, non-transparent, never fully representable, and therefore genuinely uncertain. This 

recognition necessitates a shift from the model of  “capital P” planning towards a “small p” 
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model built around moment-to-moment improvisations undertaken in response to the question 

of “what to do now based on how the world is now” [3]. Dourish et al [47] build on these 

understandings of improvisation to argue they apply to the everyday action of designing itself. 

 

These theoretical insights have been mirrored in turn by diverse methodological explorations 

in HCI research and design (see, inter alia, [20,71,87,148] ) that highlight the advantages of 

learning through open-endedness, situated engagement, and artistic collaboration.  For 

example, in research through design [228], a generative and inductive research approach 

necessitated by the “wicked problems [182]” designers face, open-endedness is actively 

employed as a resource for discovery and surprise. Critical making [177] highlights learners’ 

situated experiences and insights derived from hands-on activity and material engagement 

with DIY electronics. This approach promotes the integration of critical thinking and physical 

making for reconnecting our experience with technologies to conceptual critique. Meta-design 

[72] also highlights the emergence of knowledge and insight in collective design practices in 

which users, designers and other uncertain factors collectively interact and ‘co-evolve’.  

 

Despite these parallels, there remains some confusion and disagreement around how to 

articulate and evaluate the forms of improvisational knowledge and practice that spring from 

these generative inquiries [40,229]. Gaver [70] explains that the knowledge from such 

inductive inquiry is likely to be “provisional, contingent, and aspirational”, and may not fit 

well within a traditional scope of evaluation where standardization and generalization are 
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considered critical to a research contribution. Höök et al. [89] describe such contingent and 

situated knowledge as “first-order knowledge”, and argue that this can become a more 

generalizable form of knowledge (“second-order knowledge”) by capturing and studying the 

specificity and richness of design processes beyond anecdotal evidence.  

 

As a way to articulate and evaluate such contingent knowledge, some researchers also suggest 

considering documentary artifacts and intermediate design products produced during the 

improvisational process as important research results that can point, albeit indirectly, to 

emergent forms of knowledge and creativity. To this end, Bardzell et al. [6] suggest using a set 

of ‘mediums’ for documenting process, and highlight the performativity of this rich 

documentation for reflective knowledge construction. Gaver and Bower [65] propose  

‘annotated portfolios’ where a series of design works become productive as research by 

linking them to processes of theory formation in writing. Zimmerman et al. [229] describe 

how knowledge from design practice may be “implicit” and reside within the designed 

artifact. Bardzell [7] similarly describes the role and importance of designed artifacts as 

knowledge producer, both for those who encounter them and those that design them. Odom et 

al. [151] recommend identifying these explicitly as ‘research products,’ to call out their 

epistemic functions and extend HCI notions of the prototype. 

 

Taken collectively, these insights suggest that the forms of improvisational action central to 

(much) art and music also appear not only in the use of systems (as designed, built and studied 
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by HCI scholars) but also in their design. This general recognition has given rise to a range of 

new methods and approaches based on open-endedness, situated engagement, and group 

emergence, attributes which can fairly be called improvisational. Recent literatures have 

begun to suggest ways in which knowledge from improvisational research can be made more 

accessible and generalizable, both through processes of deliberate documentation and 

reflection, and the consideration of a range of intermediate artifacts. However, there is still 

limited understanding of how improvisation works as a mode of research, and what features of 

improvisation actually enable learning and creativity. Such concerns also involve issues within 

the wider HCI community around the evaluation of improvisational and art-based research 

approaches. To better understand these questions, the following sections introduce two 

empirical studies – one ethnographic, one participatory and performative – around art-based 

instances of collaborative improvisation.   

4. Study 1: Media Artists and Musicians  

In this section, we report findings from an interview-based ethnography study conducted from 

2013 to 2016 with fifteen multi-media artists and musicians who engage processes of 

improvisation for producing their creative works. The purpose of this study was to understand 

the motivation, process, and value of improvisation from an actors’ point of view. Interviews 

followed a semi-structured format organized around questions about their improvisational 

process, results and experience. Most lasted between one and two hours. All interviews were 

conducted in person and combined with studio visits and/or observations of public exhibitions. 
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Interviews and observational data were later transcribed, reviewed, and coded according to 

grounded theory [31] principles.  

 

All of the artists and musicians in our study described the process of improvisation as an 

approach to playing and producing creative works. They describe their improvisation as 

neither random nor pre-determined activity, but as situated action in contexts of on-going 

reflection. Keith MacDonald, an American jazz Pianist interviewed in Klemp et al’s jazz study 

[121], describes his improvisation as real-time “reaction in phrase.”  

Everything is a reaction to what was just done. When I improvise, I think in phrases. If one 

of these phrases is interrupted, I abandon the past idea and develop the new one. 

In our own interview, one multi-instrumental musician explained her improvisation process as 

one that “responds” to “different contexts.” As she explained: 

When I'm performing in a chapel, I'm not going to have bar noise, or a cappuccino maker, 

or people talking. There is a sacredness, and so the tension can be created in that 

performance in silence, because the music is very hollow and so the tension is like, ‘when is 

she going to play the next chord?’, and you feel the tension in the emptiness. 

One multi-media artist who produces steampunk-style clocks by assembling diverse outdated 

materials, described that his process of making artworks often proceeds by finding and taking 

apart a particular old technology like a mechanical typewriter or cash register. He explained 
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that the complex inner mechanism and old aesthetic of these materials continuously inspire 

what he makes. He described his making process in his studio this way: 

 I think the more things I have been taking apart, the more I have been inspired to what I 

have been doing now. I mean you know, when you take apart a typewriter, I mean, it’s 

amazing. What some of these people did with, you know like, the old cash register before an 

electronic? 

Some group musicians also explained how their personal musical ideas often developed 

through real-time interactions with other members’ sounds. One electronic musician explained 

this as a process of feedback or “mutual adjustment,” as distinct musical expressions were 

blended and evolved in performance. As the musician describes:  

Therefore, you're going to have this feedback. In other words, the musician is adjusting from 

the right hand side to the left hand side, as they're listening, Both of them at the same time 

are adjusting to each other. You've got to have some sort of loop back. Feedback. 

Several interviewees described the “tension” stemming from the uncertainty of 

improvisational process – the ever-present threat of unwanted dissonance and breakdown – as 

a source of both fragility and potential failure, but also energy and creativity. One musician 

described her efforts to harness this tension, explaining how she intentionally invites 

“unpredictable elements” and “uncontrollability” into her music to challenge herself to avoid 

staid and too easily anticipated outputs. She offered the example of a musical device called the 
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‘Blister’ [33], a DIY synthesizer that creates random and chaotic electronic sound.  

When I play by myself I know exactly what I'm going to get, and so by incorporating Blister 

there's this element of tension, or volatility, and so I'm not entirely sure what's going to come 

out, which I can then respond to, because I like that tension in performance. 

In addition, some interviewees described a sense of joy or achievement in improvisational 

processes when unexpected musical expressions and artistic ideas emerged from the situation. 

One percussionist in the band explained how the creation and relaxation of such tension leads 

to “surprising” group experiences. As the musician described: 

I love space where it creates tension, where it's just, it does not use enough space in 

between, taking a breath and waiting. There was something that happened today and I was 

like, ‘it creates a tension, I love it.’ It was just really like, ‘Are we doing another one? 

Should I stop? Okay, it will be like a big surprise.’ 

The artists and musicians reviewed above demonstrated a range of experience about 

improvisation from a practitioner perspective in media art and music. Reflecting the theories 

explored previously, participants explained how their creative processes develop through 

interaction and engagement with diverse on-going environmental factors like phrases, space, 

materials and other members. Some of them reported that they intentionally exploit 

uncertainty as a mechanism of discovery that transgresses pre-planned structures and avoids 

easily anticipated outputs. In addition, some point out the nature of “tension” in this practice, 
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which promotes surprising group discovery.  

5. Study 2: Intermodulation3 

Motivated in part by the findings of our interview study, members of the study team decided 

to study improvisation through participation in two collaborative art projects (Intermodulation 

I & II), which culminated in a series of public audio-visual performances in Ithaca, New York 

between 2015 and 2017. In these projects, I was engaged primarily as a multimedia artist, 

providing interactive artworks to accompany the performances of electronic and experimental 

musicians, as well as (auto-) ethnographer, studying the process and results of these 

collaborations. Dr. Jackson participated mainly in the form of ethnographic observation and 

interviews around the collaborative results. The main purposes of the study were to understand 

features of improvisation through first-hand experience, to track how HCI- and design-related 

creativity emerged and developed through collaborative and improvisational processes, and to 

share these empirical findings through analysis of ethnographic materials, rich documentation 

and produced artworks.  

 

 

3 The term comes from two sources: a famous jazz duet by Bill Evans and Jim Hall recorded in 

1966 [55]; and a concept from electrical engineering explaining the forms of newly-emerging 

signals when two or more different signals are merged into one non-linear system [189].  
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To this end, collaborations were captured through an extensive process of documentation and 

reflection, featuring a rich combination of still photography, video, audio recording, and field 

notes. Participants (including members of the study team) were also actively interviewed 

before, during, and after the collaborations, following a semi-structured format organized 

around questions related to motivation, process, discovery, and experience. Most interviews 

lasted between one and two hours, and were conducted as individual interviews or broader 

ranging group discussions in which non-study team participants also presented questions and 

themes back to our research team. All interviews, videos and field note data were 

subsequently transcribed, reviewed, and coded by our research team. In addition, this work led 

to the development of three Arduino- and Processing-based installation art pieces – Breaking 

AndyWall, echo() and Intermodulator – designed to interact in real-time with the collaborating 

musicians. More on these pieces and other supporting materials from the study may be found 

in its project website (https://leokang.com/intermodulation). 

5.1 Intermodulation I, 2015 ~ 2016  

The first Intermodulation began in November 2015 and eventually produced two audio-visual 

performances in late 2015 and early 2016. These performances involved two groups of 

musicians: ‘The Electric Golem’[225], a New York-based improvisational electronic music 

duo that releases and performs their music in international venues; and cellist Min Park, a 

classical musician with diverse experience in both solo and orchestral performance.  
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Figure 3. Intermodulation I, 12/18/2015 

The initial idea of the event was triggered from a casual meeting in early December 2015 

when I was testing the prototype of his new artwork, ‘echo() [112],’ with a member of The 

Electric Golem. The artwork was made up of B/W tube screens and other light sources that 

interacted with the volume of the sound picked up through the microphone. While testing this 

installation with their voice and other instruments’ sounds, such as guitar and harmonica, they 

accidently discovered the artwork’s potential as a live music visualizer. This unintended 

finding led them to plan an audio-visual concert where musicians can play music along with 

the final version of echo(), now upgraded to detect and visualize both volume and pitch. This 

initial plan evolved to inviting more musicians and adding a second installation piece, 
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‘Breaking AndyWall [108],’ which progressively decomposed images of famous artworks in 

response to fluctuations in pitch and volume. 

 

The first public event, Intermodulation, was presented on 12/18/2015 in my art studio with 

approximately 50 audience members in attendance. The evening proceeded in two parts. In the 

first, the Electric Golem played one piece of their music, ‘The Heart of the Golem,’ for 28 

minutes, along with echo() and Breaking AndyWall. Images from Breaking Andywall were 

projected high on the wall, and shattered progressively into pixels in response to the volume 

and pitch of the sound. The other installation, echo(), was installed on the floor, with the 

installed screens generating a pattern of moving characters driven by the volume and the 

frequency of the sound.  In the second part, Park played four classical cello compositions, 

accompanied only by the echo() installation. In this setting, echo() produced four different 

patterns that hadn’t been seen previously. Of the six screens in the installation, one was 

installed facing Park for him to observe live interactions with the installation.  

5.2 Intermodulation II: 2016 ~ 2017 

Our second case centers on a collaboration with Annie Lewandowski [133], a composer, 

improviser, and multi-instrumentalist whose work is situated between the worlds of 

improvisation and independent rock music.  Lewandowski leads an experimental trio, 

Powerdove, that records and tours throughout the United States and Europe. Collaborations 

between Powerdove and my audio-visual media piece ‘Intermodulator’ resulted in four public 
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performances from November to May 2016-2017. 

 

Figure 4. Intermodulation II, 11/10/2016 

The initial idea of this collaboration was triggered in an interview with Lewandowski during 

our initial round of ethnographic study in July 2016. During the interview, I shared an early 

prototype of his new artwork ‘Intermodulator’ [107], a sound-responsive installation 

comprised of opposing box fans and backlights. In this installation, the speed of the individual 

fans and the brightness of the backlight respond to the pitch and volume of input sounds. 

When a certain resonance and balance are achieved, the opposing fans produce a seemingly 

stationary or ‘moiré’ effect, an illusion produced from the visual interference of two 

oppositely rotating objects.  

 

At the time, the installation had not been fully developed either technically or conceptually, 
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and only one set of fans and lights was functioning to produce the moiré effect. When 

Lewandowski played with the effect of her voice on the prototype, interesting correlations 

between the pitch and timbre of her voice and the effect of the installation were discovered, 

and an agreement was reached to include it in an upcoming Powerdove concert.   

 

The first result of this collaboration was presented during Powerdove’s North American tour 

on November 10, 2016. During the course of the 1.5 hour concert, the Inter-modulator was 

installed in the background of the stage, and produced interactive visual images responding to 

the volume and frequency of sound sources including Lewandowski’s vocals, other member’s 

instruments, and audience engagement and applause. Although one set of fans was designed to 

be installed facing Lewandowski and the other band members to allow them to interact live 

with the installation, limited stage space demanded in the end that all fans were installed in the 

background. All pieces performed in the concert – as with Powerdove’s live performance 

more generally – followed a pattern of collective improvisation, though built around known 

originals from the group and in some cases previously recorded pieces. In later interviews, one 

of the Powerdove members described such collective improvisation as a process of 

“developing dialogue” in real time.  

5.3 Motivation, creativity, and collaboration in improvisation 

In both Intermodulation I and II, goals and expectations of the collaborations were not pre-

arranged in detail but emerged and evolved over the wider course of the interaction. Because 
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the artworks were still under construction through the initial stage of collaboration and were 

tweaked and revised all the way to the end, it was difficult for either musicians or artist to 

think towards final results in a fully determinate way. Other important factors such as 

performance spaces, stage settings, and playlists also remained ‘undecided’ in the initial stages 

of collaboration, and took form and shape only as the process emerged. 

 

In later interviews, participating musicians described their motivations and willingness to 

participate in these uncertain and somewhat time-consuming projects. One commonly 

expressed motivation was a certain “curiosity” and “excitement” around interacting and 

experimenting with other genres of art. Lewandowski for example reported a deep curiosity 

about how the Inter-modulator would interact with the Powerdove sound. This led into a wider 

discussion of “curiosity for the other” as a central feature of her approach to experimental 

collaborations. As Lewendowski explained: 

I guess that's why I'm an improviser, is that I like drawing the other near. I learned that a lot 

from my teacher when I was in graduate school. He's so great at that. He'll play with 

anybody because he's just got this curiosity about the other. That maybe drives my work 

also. It's just this otherness, and then what does it mean?  

On the other hand, some participants emphasized points of connection and similarity with 

potential collaborators, whether mutual friends, similar aesthetic or working styles, or an 

almost ineffable ‘feeling’. As one member of The Electric Golem explained: 
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It usually starts from something very much in common like maybe your childhood friends, 

maybe you’ve just become socially… you have friends, or maybe you’re in school together. 

Maybe our kids play together. There is something in common that brings you together that 

you start building a relationship socially. Then you start seeing the possibilities. 

In addition, some participants reported situations where unexpected artistic and musical 

expression emerged and developed through engagement with ongoing environmental factors. 

For example, both members of The Electric Golem gazed frequently at the visual image of the 

artwork while performing during the first Intermodulation concert. In a later interview, they 

explained that the visual response from the art piece was “invoking” them to produce new 

musical expression. As one of them described: 

When I saw, for instance, the Marilyn Monroe picture fragment, which was produced by 

certain sounds that we were making, it made me think of certain sorts of sounds that would 

go with that type, glitching type sounds. High frequencies, I was thinking. The visual image 

was invoking me to produce certain sorts of sounds. 
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Figure 5. The Electric Golem interacting with the artwork 

I also observed situations that challenged and inspired him to produce unexpected creativity 

and solutions. For example, during the rehearsal of Intermodulation I, he accidently 

confronted a technical error in the Breaking AndyWall system, which produced an unintended 

color-inversion glitch. This led to a revamp of the technical system that actively employed this 

glitch as a visual effect in subsequent collaborations (Figure 6). As described in his fieldnotes:  

Because ‘Breaking AndyWall’ was originally designed to interact with the audience’ 

hammer smashing, it started producing a lot of unexpected graphical glitches when I first 

converted it to interacting with live sound. But somehow, I thought it could be quite cool if I 

used that error to visual effect. 
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Figure 6. The subsequent performance of Intermodulation I 

On the other hand, Min Park, the classical cello player interacting with echo(), explained that 

his musical and creative expression was barely affected in this series. In video analysis, we 

observed how Park’s eyes remained fixed on the musical score rather than the art work going 

on in front of and behind him. In a subsequent interview, Park explained that he considered 

the artwork not as a communicative actor or partner, but as a “backup dancer” that was 

“totally dependent” on his play. As Park explained: 

I know how it works. It was very easy to play, because they would react to me and they're 

totally dependent on me. I'm not dependent on them for anything…. I think the audience 
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wouldn't think that the objects shared the same hierarchy with me. I feel like the audience 

would only perceive these objects to be more kind of backup dancers. 

In the later audience interview, the audiences commonly explained that these interactive 

artworks appeared to be not simple visual supporters by mentioning their perceived roles as 

“performers” or “interactive actors”. As one audience member described:  

I was also intrigued by the technical part of their expertise, which I wasn't familiar with. I 

enjoyed that a lot. This is like how we perceive the performers, with their technical thing 

kind of exposed before me. 

The members of Powerdove also report that their musical expressions were not immediately 

affected by the interactive installation in the first concert, mainly because they were immersed 

in their own improvisational actions. Members mostly concentrated on their own playing and 

interactive musical conversation with each other without communicating with the light 

installation. This outcome stemmed in part from the particular stage setup, with the installation 

installed to the rear of the stage and out of the musicians’ normal range and orientation of 

vision. However, members of the group reported discovering new ideas about working with 

the installation after watching video of the concert showing how the installation interacted 

with concrete and specific sounds. This led in turn to subsequent collaborations in which the 

installation was reworked to face the musicians (Figure 7).   
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Several participants also commented on the importance of “listening” in such improvised 

collaboration, as a way of managing uncertain and problematic situations as well as promoting 

creativity. In Intermodulation I, a member of The Electric Golem reported moments of 

dissonance or repulsion where his musical interaction felt disconnected with the artwork. To 

cope with such moments, he was required to “synchronize” and “listen” in a new way:  

There were a couple of times when I looked up at the Breaking AndyWall piece and I felt it 

wasn't ... It didn't feel like it was part of me…I did notice that, yeah. I'm also having to 

synchronize with another performer, with Jim. I've not only got the light there, but the main 

person I'm orientating to is the sound. Listening to what Jim is doing 'cause that's what we 

obviously do most of the time. 

Lewendowski also describes the practice of listening as not only a means of coping with 

uncertainties and overcoming breakdowns, but also a way to develop her own creativity 

interdependently “in relationship with other people.” As she explains: 

The whole idea was that if you just stop and listen that listening will be your guide… The 

qualities that you want in a good improvisation are also the qualities that you want to 

develop in yourself and in your relationships with other people. There's a feeling there that 

you want friends who are good listeners and can respond. You want to be a good listener. It 

connects more largely to just being a human in the world. 

From this two-year long participatory study based on improvisational collaboration and art 
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practice, we witnessed and experienced many pleasures and difficulties similar to those 

described by the improvisational artists and musicians in our earlier ethnographic study. Our 

study showed how emerging situational factors, like unexpected images, challenging stage 

setups or unexpected technical errors, produced emotional and intellectual tensions, both 

welcome and unwelcome, which in turn invoked learning opportunities that set collaborative 

processes onto different and unexpected paths. In addition, our study demonstrated a form of 

improvisational collaboration not driven by pre-arranged and agreed-upon goals, but by a kind 

of mutual flexibility, openness, and “curiosity” around connection with both similarity and 

otherness. In both its successes and failures, our work underscored the centrality of “listening” 

as a means of coping with uncertainty and developing relational creativity. Conversely, it 

showed how attachment to predefined scripts and plans – for example, our cellist’s adherence 

to the score – may challenge and limit possibilities of listening. Finally, our study illustrated 

certain kinds of tension between improvisational activities and forms or genres of work 

oriented to controllability and the linear execution of pre-assigned goals. 
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Figure 7. A subsequent performance of Intermodulation II 

6. Discussion 

The above sections described the motivation, process and result of studying improvisation 

through theoretical review, ethnographic study and collaborative art-making. To explore 

improvisation as a possible site and tool for HCI and design research, we now use results from 

this integrated study to describe (a) key features embedded in improvisational practice, and (b) 

how an understanding of improvisation built around these features can deepen and extend 

approaches to creativity and collaboration in wider HCI theory and methodology. 

6.1 Five Key Features of Improvisation 



 

 

 

 

 

59 

 

 

Reflexivity  
As we have seen, improvisation is best understood neither as purely random nor as the simple 

realization of a pre-defined plan, but as a constructive and reflexive learning process through 

which learners’ cognitive, collaborative, and creative processes are continuously reconstructed 

in concert - and sometimes in counterpart - with shifts in the on-going environment. This 

learning takes place not through arms-length reflection, but as a constant, active, and reflexive 

restructuring of experience and work. In improvisation, creativity and knowledge depends on 

processes of trying through reflective explorations that in turn give rise to changes in the 

environment which then challenge and invite further exploration, and so forth. 

Transgression 
Beyond a simply responsive action that passively adapts itself to unexpected situations, 

improvisation may also follow from and involve transgressive actions through which a 

practitioner actively invites and creates unforeseen and uncertain factors as a mechanism of 

discovery and expression. The musicians and artists in our study intentionally play unplanned 

notes or invite unpredictable elements in the situation to develop new musical expressions. 

Improvisational practice may therefore be employed not only to resolve or respond to 

situational problems, but to actively lead and disrupt given situations, upsetting the ‘set-up’ of 

expectation and predictable outcomes in ways that challenge performers and audience 

members to arrive at new and un-premeditated outcomes. 

Tension 
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Our study shows that a practitioner’s balancing between structure and freedom constitutes an 

essential (if sometimes uncomfortable) tension that can call forth unexpected moments of 

creativity, learning, and surprise. This tension can include both affective (or emotional) and 

intellectual components, generated from the uncertainty and unfamiliarity inherent in 

improvisation and collaboration. While this tension makes the process of work riskier and less 

stable, it offers compensation in the form of un-premeditated creativity and “surprising” 

results. At the same time, it ensures a certain kind of continuity or accountability; as the 

musicians and artists in our study suggest, good improvisation is not only spontaneous and 

intuitive, but also rests on a certain threshold of continuity and expectation that ensures the 

new phrase or concept remains broadly intelligible to the old. 

Listening  
Our study also points to the centrality of collaborative listening as an essential element of 

improvisational practice. Such listening is not limited to sonic or dialogic exchange between 

participants, but includes also a more holistic and integrated process whereby practitioners 

engage and synchronize, both logically and intuitively, with collaborators, materials, and other 

circumstantial factors in the situation. As the participants in our study consider diverse 

environmental factors including media artworks, stage context, and other members musical 

expression, improvisational practitioners generate new or amended forms of idea and skill in 

concert with the environment around them. Such acts remind us that improvisation is not an 

inwardly-focused process restricted to reworking one’s own artistic expressions, but an 
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emergent and outwardly-listening one built around coherence and accountability to the 

changing circumstances of surrounding environments.  

Interdependence 
Finally, our study emphasizes the interdependent nature of improvisation, in which 

participants’ cognition and behavior are co-constructed in relationship with other actors and 

the environment. As musicians develop their own expressions depending on each other’s 

sound, their creative thoughts and expressions in improvisation are neither clearly separable 

nor independent. Instead, they are constituted and maintained in an interdependent relationship 

where cognitions, emotions and artistic expressions are modulated across each other –what we 

here call intermodulation. As a broken typewriter, Blister, and the artworks provoke the 

participants’ real-time expressions, this process of intermodulation happens not only between 

human actors, but also in concert with the non-human ‘performers’ around them.  

6.2 Improvisational Creativity and Collaboration for HCI  

As described and analyzed above, improvisational practice is an active and sophisticated 

learning process comprised of complex and interrelated elements and interactions. As such, it 

builds on and contributes back to questions around creativity and collaboration in open-ended 

as well as more linear modes of HCI research.   

Emerging Creativity and Knowledge in Tension 
The understanding of improvisation developed here reveals how creativity and knowledge 
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may be achieved not only through linear or highly structured models, but also emerge 

interactively in particular situations through a researcher’s improvisational engagements with 

his or her surrounding environment. Although this open-ended approach may be less suited for 

studies oriented primarily to generalizability, standardized usability, or efficiency, it can be 

advantageous for exploring complex and circumstantial problems of system and design that 

may elude more linear and structured approaches. As theories of research through design, 

critical making, and meta-design also suggest, this way of learning is not only advantageous 

for producing artistic works, but can also help HCI research explore new opportunities for and 

dimensions of technology and design. Although such emerging creativity and knowledge may 

appear as “first-order” or “provisional” knowledge in early stages of research, it may become 

more specific and sharable over time through a researcher’s deliberate reflection, rich 

documentation and presentation, and deeper consideration on a series of produced artifacts.   

 

What our study contributes to this discourse is that the ‘tension’ produced between open-

endedness and structure can be one source that naturally calls such emerging creativity and 

knowledge into being. As the above features describe, improvisational practice (at least of the 

sorts studied here) is neither fully ‘free’ nor entirely disciplined and controlled, but rather 

occupies an in-between space where the practitioner’s transgressive action strikes a precarious 

balance with existing structures and frameworks. By actively listening to and engaging with 

other stakeholders as well as the ongoing material environment, the practitioner can transform 

such tension into aesthetic experience (experienced as moments of flow, delight, or surprise), 
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and develop his or her own creativity in inter-dependent relationship with others.  

Collaboration as Holistic Socio-Material Practice 
Better understanding of the intricacies of improvisation may also help HCI extend notions of 

collaboration to more holistic and complex socio-material practices. As the features of 

listening and interdependence highlight, one’s cognition and behavior in collaborative 

improvisation can never be separated from others’ activities and surrounding material 

environments, but are co-constructed with them through active cross-engagement. Similar to 

meta-design’s idea of “co-evolution”, this mode of collaboration promotes forms of ‘group 

emergence’ that generate results, insights and problems unavailable to individual actors, or 

without the influence of the (specific) material environment.  

 

Our study highlights that this group opportunity arises not only in the process of building 

harmonic and stable relationships between those who share similar interests, but also through 

exploring and engaging with other actors’ differences and unfamiliarity, which may 

periodically give rise to kinds of interference or ‘blue-notes’ grounded in unmixable, 

discrepant or otherwise incomprehensible properties. As the ideas of ‘tension’ and 

‘intermodulation’ describe, learning opportunities in improvisation often emerge and develop 

through fragile and precarious interactions where separate individualities are continuously 

transgressing and adjusting to each other to construct a new harmonic equilibrium across 

differences. Such a perspective makes clear that otherness and unfamiliarity in improvisational 
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learning is not so much a problem to be avoided, but rather a challenge to be embraced in the 

ongoing working out of both individual and collaborative voice and creativity.  

7. Conclusion  

This chapter explores the value and possibility of improvisation and collective art practice as a 

mode of HCI research and inquiry. As the theories and cases reviewed above make clear, the 

core engine that enables improvisation is neither a predetermined plan nor sheer 

extemporaneousness (or put simply, just ‘making stuff up’.). Instead, it is enabled through 

processes of dialogue and intermodulation that continually arbitrate between freedom and 

structure, similarity and otherness, tension and relaxation, and self-conviction and external 

validity. From this complex and precarious interaction, the subject ‘I’ can be stimulated to 

emerge from his or her existing narrowness in the world, and develop creativity and 

knowledge in a mutually reciprocal way with others. This chapter identifies five key features 

that enable such learning opportunities, and explain how these can deepen and extend notions 

of creativity and collaboration in HCI and design. Our work has attempted to provide one 

useful model of multidisciplinary research wherein musicians, artists, and HCI researchers 

learn to come together – “to bend for the common result” – to achieve outcomes, insights and 

ideas unavailable to each individually. 
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CHAPTER 2 

TECH-ART-THEORY:  

IMPROVISATIONAL METHODS FOR HCI LEARNING AND TEACHING4 

 

1. Introduction 

How can we learn and teach HCI through more improvisational and artistic methods? In more 

traditional representational theories, knowledge is sometimes assumed to be a reflective image 

of objective reality [176], and learning a kind of purposive action oriented to the transmission 

of essential facts, truths, or skills. Older and more structured educational methods built around 

this model have often approached teaching and learning as carefully ordered and controlled 

activities, with less appreciation for the role of emergent and circumstantial factors and forces 

shaping and defining interactive situations [25,129].  

 

 

4 A slightly edited version of this chapter has been published as“Kang, Laewoo, and Steven Jackson. 
“Tech-Art-Theory: Improvisational Methods for HCI Learning and Teaching”, Proceedings of the ACM 
2021 conference on Computer Supported Cooperative Work. ACM, 2021” [110]. I and Steve designed 
and conducted the ethnography study on three pedagogical cases. I analyzed the data on my own; Steve 
gave feedbacks that shaped the direction of analysis. I wrote the first draft and later revisions with 
feedback from Steve. 
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This perspective has been challenged and extended in recent decades by approaches grounded 

in constructivism [161], constructionism [158], and art-based inquiries [8,44,129], which 

approach human cognition and learning as concrete, situated, and sometimes fragile 

accomplishments. This underscores what we will call out as the improvisational quality of 

human knowledge and action, and how consciousness and the learning processes which 

produce it are reconstructed through learner interactions with the infinite variety of the social 

and material worlds. This perspective has also opened up new approaches to learning, research 

and pedagogy in CSCW, HCI, and other fields, ranging from constructivist and practice-based 

design approaches to specific pedagogical forms – for example, apprenticeship and studio-

based learning – in which individuals and groups learn through situated and (partly) open-

ended interactions in specific socio-material environments.  

 

In this chapter, we argue that these approaches to learning can also benefit from theories and 

practices of improvisation, as defined and developed across a range of fields often held 

separate from CSCW and HCI scholarship. As deployed here, improvisation refers to the 

emergent and unscripted actions or performances that drive and derive from generative and 

open-ended interactions in local environments, departing from pre-formed plans or 

expectations [145,192]. Improvisational approaches are central to a variety of artistic fields, 

including contemporary art, music, and dance, as tools for resolving situated breakdowns and 

developing unanticipated modes of expression and creativity [13,134,191]. Beyond these 

fields, ideas and practices of improvisation have been employed across disciplines from the 
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social sciences to engineering to highlight the contingent and evolutionary qualities of human 

cognition, discovery, and behavior [85,134].  

 

In the field of CSCW and HCI, broadly improvisational perspectives on human cognition and 

learning have opened up important fronts in research and education. This includes theoretical 

work around the improvisational nature of human cognition and creativity in continuously 

changing socio-technical environments [2,47,143,213], and ethnographic studies of the role of 

social and material conditions in the process of knowledge construction and creativity 

[58,92,111,188]. Under different names and themes, the field has also explored more 

methodologically-focused approaches in which improvisational practices coupled with critical 

reflection studies are employed as more artistic, experience-based, and speculative modes of 

learning, teaching and research [71,72,94,137,177,200,228]. 

 

This chapter seeks to extend these lines of analysis through theoretical and ethnographic 

studies around improvisational learning and teaching. The main goals of this chapter are to: (a) 

identify specific pedagogical conditions that can support improvisational learning in the 

context of CSCW and HCI; and (b) explain how such improvisational methods may help 

address existing challenges in HCI pedagogy. We begin by analyzing theoretical and 

methodological discussions of improvisation in education, the learning sciences, art, and 

music. From this, we emphasize the reconstructive, materially-driven, error-engaged, 

transgressive, and collaborative nature of improvisational learning. We also review how 
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improvisational approaches have been deployed (sometimes under other names) in CSCW, 

HCI and design pedagogy to date. We then report empirical findings from our own series of 

teaching and learning interventions at the intersection of HCI, music, and art. In discussion, 

we describe some specific pedagogical conditions (socio-material evaluations, multi-sensory 

practices, and making safe spaces for error) that can support improvisational learning. 

Finally, we speak to three common challenges of HCI pedagogy – relevance, assessment, and 

inclusion – that improvisational learning approaches can help to address. 

2. Improvisational Learning 

Concepts broadly aligned with improvisational learning have long been central to education 

theory and the learning sciences, if rarely named as such. Classic learning theories from 

Piaget’s constructivism [161] to Papert’s constructionism [158] have emphasized the 

centrality of figurative thought and object engagement in the stage-wise development of 

cognitive capacity, along with the processes of “accommodation” by which accepted 

“schema” – roughly, shared mental maps of the world – are tweaked and modified as 

individual learners build from distinct sensory experiences to higher forms of abstraction or 

“operational” thought. Work by Lev Vygotsky and followers in the Russian tradition of 

cultural-historical psychology (including its later framing under activity theory) has 

emphasized the mediating role of objects and accumulated cultural resources and artifacts in 

both individual (‘ontogenetic’) and species-level (‘phylogenetic’) development. In contrast to 

Piaget’s emphasis on developmental stages, Vygotskian approaches have emphasized the 
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presence and value of ‘gaps’ in the wider learning process, including what Vygotsky termed 

the ‘zone of proximal development,’ identified as a kind of hole or sweet spot between the 

current cognitive skills of learners and what could be achieved (and later internalized) under 

guidance and interaction with a supportive external environment [35,115,220]. Pragmatist 

theories of learning [44,45] have emphasized human learning as a holistic process of  “trans-

action” in which learners undergo the continuous reconstitution of experience through their 

constitutive interactions with others. Lave and Wenger build on such pragmatist foundations 

to emphasize the social and collective organization of learning, showing how the mastery of 

skills is bound up with identity, meaning, and the slow progression towards membership in 

“communities of practice” [128,223].  

 

Such understandings of human learning have also been applied to more structured educational 

settings from pre-schools to universities. Exemplified in the U.S. most famously in the early 

twentieth-century Settlement House and Laboratory School experiments initiated by Jane 

Adams and John Dewey in Chicago, educators have explored alternative forms of classroom 

and curricular structure in which topics and structures emerge (or are “co-constructed”) 

alongside students own distinct learning interests and approaches. These efforts have spawned 

a subsequent century-long proliferation of experiments in “alternative”, “democratic”, or 

“anti-oppressive” education that have grown up in conjunction with, and partial opposition to, 

the increasingly industrial scale of education ushered in by mandatory K-12 education and the 

post-war boom in college and university enrollments. By pointing out the problems of 
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unilateral learning spaces built around scripted content and curricula – what Freire has 

criticized as the “banking model” of education [64] – recent scholars [53,70,139,141,159] 

have suggested metaphors for teaching ranging from “improvisational performance” [192] and 

“creative art” [25] to “disciplined improvisation [11].” Such metaphors highlight “the artful 

balance of structure and improvisation” [192] as an important source in enabling more creative 

learning environments. They are also often associated with a democratizing or leveling 

ambition, underlining the role of the teacher as a facilitator or “manager” [138] of the 

classroom experience, rather than an authoritative “creator” or “controller.”  

 

In short, what we call “improvisational learning” in this chapter involves five common 

elements. The first is the belief that intuitive and open-ended activities can support processes 

of situated learning through the reconstruction of experience. As represented in various 

inquiry-based learning theories from constructivism to pragmatism to action learning 

[44,45,161,166,180,181], this approach recognizes the value of situated cognitive processes in 

which learners acquire knowledge through reflective, exploratory, and sometimes playful 

engagements with specific topics or problems. Individual histories and experiences are central 

to this process: rather than checking experience at the door or figuring learners as blank slates 

or empty vessels to be ‘filled’ with new knowledge, improvisational approaches encourage 

learners to bring in past perceptions, experiences, and distinct forms of care and commitment 

to the world as key motivations and resources for learning. This feature in turn may connect to 

more socio-politically grounded and engaged forms of learning in which the needs and 
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interests of learners and communities become key engines and shapers of the learning process, 

rather than details to be bracketed out [64]. 

 

Second, improvisational learning highlights the role of material engagement in the learning 

process. Echoing themes highlighted in constructionism [158] and recent post-humanist 

theories [18,127], improvisational learning calls attention to the significance of “making 

things” in learning [1] and the “agential” role of materials and other non-human actors [127] 

in shaping and enabling the learning encounter. In Actor-Network Theory, this agency is 

explained as a kind of relational effect, in which the identities and capacities of individual 

“agents” are neither fixed nor fully determined in advance, but “co-constructed” within 

concrete socio-material contexts and environments. This gives further weight to research and 

pedagogical approaches built around processes of material engagement, whether based in 

making, fixing, or iterative prototyping [97]. 

 

Third, improvisational learning frequently builds on and may be driven by frictions, errors, 

and indeterminacies in the local environment. As improvisational practitioners in art and 

music have highlighted – from John Cage’s intention “to let things be themselves” [27] to 

Klemp et. al.’s observation that mistake “is the only way you can get to some place you’ve 

never been before” [121] – errors and breakdowns in the local environment can call forth 

unexpected moments of creativity and discovery. This perspective has been further developed 

in growing attention (in CSCW and elsewhere) to moments of productive failure, glitch, and 
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repair and their role in processes of insight, learning, and discovery [91,99,116,187,212]. If 

such errors and failures make the process of learning riskier and less stable, they offer 

compensation in the form of surprising creativity and group emergence [13,121,190]. 

 

Fourth, improvisational methods may allow and encourage transgressive and in some 

instances trouble-making modes of expression that disrupt given rules, structures and accepted 

best practices. Jazz musicians for example may play disruptive ‘blue notes’ – a seventh in 

place of an expected octave, adjacent note pairs, etc. – that violate expectations of harmony 

and so upset the set-up of musical expectation [13,56]. Practitioners in socially-engaged art 

[81] have emphasized the beauty of “creative disruption” [21], and its standing “not [as] a 

mirror with which to reflect reality, but a hammer with which to shape it” [183]. In critical 

pedagogy, such anti-oppressive practices are encouraged for purposes of social critique, self-

realization, and more interactive inquiries that aim to examine and challenge relations of 

power between learners, teachers, and wider social and educational systems [64,125]. While 

some critics have questioned whether higher educational institutions should play this 

disruptive or unsettling role [76,199], others have argued forcefully for learning spaces, 

including art studios, in which participants feel safe in “giving yourself over to what the 

activity provokes, and then following these possibilities assiduously” [8,119,216].  

 

Finally, such reflexive, material, and emergent dimensions make improvisational learning 

essentially mutual and collaborative in nature, forgoing master plans designed by a central 
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authority figure, in favor of a model in which the question of what is to be learned emerges 

over the course of interaction between situated actors (which can include non-human things) 

in the local environment [92,111,134,191]. This viewpoint naturally extends the process of 

learning from an isolated and individual activity to something more entangled, with learners 

and things collaborating to produce novel and otherwise unavailable results [58,60,92,100]. 

This runs against what Ingold [96] has criticized as the “hylopmorphic” model of creativity, in 

which creative action consists of the imposition of form on a mostly inert or passive field of 

matter; instead, “creativity is something we do in and with the world, not just to it” [100]. 

 

In this section, we reviewed theories of improvisational learning from various fields and 

identified its five common commitments. Like constructionism, improvisational learning 

highlights the ways in which human cognition and knowledge are continuously reconstructed 

through learner’s experience. Like constructivism, improvisational learning invites material 

actors in the situation as collaborative partners that actively shape and influence cognitive and 

learning processes. But improvisational learning also brings new emphases and dynamics to 

attention. As theorists and practitioners of jazz and socially-engaged art have explained, the 

goal of improvisational practice is not ‘correctness’, but rather the ongoing building of 

capacity and imagination through the generation and repair of ‘error’ (whether emanating 

from mistake or more transgressive actions against accepted structure). It also offers a more 

expansively collaborative viewpoint on learning in which participants cognitions and 

expressions are not held separate, but constituted in interdependent interaction – with each 
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other, and with the material worlds around them. 

3. Improvisational Learning in HCI and CSCW 

The same sense and tension has characterized CSCW and HCI work that has emphasized 

research and professional practice as itself grounded in processes of learning and reflection. 

For example, Donald Schön [197] has highlighted learning in design contexts as a process by 

which cognition, understanding, and imagination are continuously evolving through 

“reflective conversation” with the material world. In research through design [228], open-

ended and inductive activities are highlighted as ways to explore “wicked problems” [182] 

that regularly defeat or resist more structured and linear approaches. Critical making [83,177], 

meta-design [72], and other constructionist methods [42,136,218] have highlighted hands-on 

activity, techno-material engagement, and participatory design to promote the integration of 

critical thinking, physical making, and creative design. Extending from ecological 

responsibility, recent sustainability-themed works have also called out the creativity embedded 

in the repairing and repurposing of broken or obsolete technologies [84,91,100,112,163]. 

‘Performance-led’ [12], ‘studio as laboratory’ [51], and other art-based research approaches 

[86,92,109] have highlighted interdisciplinary learning opportunities through actual 

collaboration with artists, musicians, and dancers that support richer and more engaged forms 

of HCI research. 

 

In the fields of HCI and computer science, improvisational principles and practices are also 
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present (though not always called out as such) in studio-based and hybrid courses. These 

courses commonly highlight the advantage of learner-driven, making-based, and collaborative 

approaches that promote one’s practical skill and creativity [15,29,32,167,178,219,224]. Some 

actively use interdisciplinary pedagogical forms and models by combining approaches from 

other fields including traditions of group critique, visual analysis, and socio-critical studies 

drawn from longer traditions in design, art, and the humanistic social sciences. For example, 

Prior et. al [171] have argued for studio-based models in HCI as a way of helping students 

deal with complex computational problems while building self-confidence and conviction in 

their own software design practices. Reimer et. al [179] have argued for iterative processes 

involving user feedback and testing as essential elements of HCI studio courses. Hundhausen 

et al.’s “Prototype Walkthrough” [94] has highlighted experimental and collaborative 

classroom settings in which student project teams simulate evolving user interface prototypes 

while a student audience member acts as a test user. Kafai et. al. [106] have underlined the 

need for “scaffolded challenges” and using electronic craft materials like e-textiles and 

Lilypad in introductory computing classes as a means broadening students’ existing 

perceptions of computing.  

 

However, even as these methods have become more widespread, they have encountered new 

challenges and tensions, some of them at the intersection of pedagogical technique, formal 

educational structures, and the boundaries and expectations of disciplines. For example, 

Oguamanam et al.’s study [152] of six computing classes integrating studio modes has shown 
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how students trained in the culture of more traditional computing classrooms became 

“uncomfortable” in the studio setting. Exter et al.’s study [57] of an interdisciplinary HCI 

course co-taught by a multi-disciplinary team of instructors has shown how teachers from 

different backgrounds conceptualize ‘design’ differently, pointing out the problems and limits 

of mixing two or more disciplinary cultures in one learning space.  

 

Similarly, questions around the assessment and evaluation of such ventures have continued to 

attract scrutiny or controversy. Where learning outcomes appear in provisional, materialized 

and ‘out-of-the-box’ forms, these may conflict with more universalist cultures of evaluation in 

computing and other STEM fields which favor clear interpretations, rationales, and 

contributions [70,89]. Where such variance occurs, researchers  [22,65,75] have sometimes 

turned to devices like ‘learning contracts’ and ‘annotated portfolios’ as flexible but 

accountable mechanisms for evaluating learning outcomes. Sengers and Gaver [202] have also 

suggested alternative evaluation frameworks in which “multiple, potentially competing 

interpretations” can co-exist in a single design project to promote more complex and artistic 

aspects of research and design. 

 

To sum up, a growing body of work in CSCW and HCI has explored and advocated for 

learning and teaching methods based on open-endedness, techno-material engagement, and 

interdisciplinary collaboration. But even as such improvisational methods have become more 

prevalent, they have faced questions and concerns around how to bring together and manage 
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different disciplinary cultures in common learning spaces and how best to evaluate the 

outcomes from such modes of learning. More studies are needed to identify the specific 

conditions, situations and activities that enable and promote (or conversely: frustrate and 

undermine) such improvisational approaches. This missing part has important bearing and 

promise for questions around the organization, teaching and evaluation of broad studio- and 

practice-based courses in HCI and design – questions that become all the more important as 

the field undergoes continuing changes in scale, orientation, and the social and disciplinary 

range of the learners we seek to engage. To better engage these questions, the following 

sections introduce three participatory empirical studies around improvisation-based learning 

encounters in the HCI, art, and music fields. 

4. Empirical Study  

In this section, we report findings from three participatory ethnographic studies of our own: an 

interdisciplinary ‘Tech-Art-Theory (TAT)’ course offered in spring 2013; a ‘Music 

Improvisation Ensemble (MIE)’ studio course in fall 2016; and a series of independent 

studies, ‘Media Art Practice for HCI (MAP)’ that ran from 2016 to 2018 at Cornell 

University, Ithaca, NY. In these studies, various pedagogical activities based on the nature of 

improvisational learning (reflective, materially-driven, error-engaged, transgressive, and 

collaborative) were deployed as methods of teaching and learning. The main goal of these 

efforts was to study the specific conditions and activities enabling and supporting (or 

conversely: challenging and undermining) improvisational learning and teaching, with an eye 
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towards lessons for CSCW and HCI.  

 

For the TAT class, our research team collaborated with Daren Kendall, an instructor in the 

fine art department to design and teach an interdisciplinary course for six students. The key 

motivation of this course was to connect the different cultures and approaches of computer 

engineering, art, and Science and Technology Studies (STS) in an open-ended and small group 

context. For the MIE course, I participated as student participant and ethnographer in a 

previously scheduled class led by Annie Lewandowski, a faculty member in the music 

department to study improvisational techniques in the teaching of experimental music. For the 

MAP case, we developed a series of independent studies based on lessons acquired from the 

TAT and MIE cases in which students could explore and build HCI-related knowledge and 

creativity through their own art and improvisational practices. 

 

To study these empirical cases, our research team applied two general ethnographic 

approaches. One was in-depth interviews [61,222]. All teachers and most participating 

students regularly (either weekly or bi-weekly) sat for semi-structured interviews about their 

work processes, results and experiences of the classes. Each interview lasted approximately 30 

– 60 minutes. In addition, our research team actively employed participatory observation 

combined with video ethnography to document and analyze participant behaviors in specific 

pedagogical settings and situations [129,165]. We also captured processes of learning and 

teaching processes in collaborative encounters ranging from group discussions and critique 
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sessions to presentations and/or performances of student work.  

 

All videos were recorded with the participants’ consent, and selectively transcribed, coded, 

and analyzed by our research team, according to their relevance to the practices of what we 

would later come to identify as improvisational learning. While these processes followed an 

inductive and open-ended process built around the general precepts of grounded theory 

[31,211], the general focus of the research team fell within the following four categories: (a) 

how improvisational techniques were built into class structures and setups; (b) how such 

improvisational techniques were experienced by teachers and students; (c) what advantages 

and opportunities arose from improvisational techniques; and (d) what difficulties and 

problems emerged from improvisation, and how did these challenge the process of teaching 

and learning. The following subsections explain these themes and report findings and results 

from our three cases. 

4.1 Tech-Art-Theory, Spring 2013 

Tech-Art-Theory was a small experimental HCI course designed and taught by Dr. Steve 

Jackson and me with a third collaborator, sculptor Daren Kendall [118] during spring 2013. 

Inspired by Barthes’s insight5 [9] on the nature of interdisciplinary study, the main theme of 

 

5 “Interdisciplinary studies… do not merely confront already constituted disciplines… it is not enough to 
take a ‘subject’ (a theme) and to arrange two or three sciences around it. Interdisciplinary study consists 
in creating a new object that belongs to no one”  
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this class was to promote exploration and discovery in a mediated space organized at the 

intersection of engineering (tech), aesthetic (art), and social theoretical (theory) inquiry. Five 

undergraduates and one graduate student in the information science and fine art departments, 

recruited through an email course advertisement, participated in the class. These participants – 

three males and three females – were between 20 to 23 years of age. In addition to the in-depth 

interview studies, students’ self-reflection studies describing the processes and results of 

individual class exercises and assignments were also analyzed. The class ran every Thursday 

evening for three hours over 16 weeks, with locations alternating between seminar rooms and 

studio spaces around campus, including woodshops, foundries, and laser-cutting rooms, 

mixing text and discussion-based with studio-centered modes of pedagogy (Figure 8). 

Material techniques and equipment engaged through the course included welding, cement 

molding, woodworking, laser cutting, Arduino and other DIY design tools. 
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Figure 8. Various learning spaces in Tech-Art-Theory class, Spring 2013 

The class was divided into three roughly equivalent and overlapping components. The ‘Tech’ 

section, led by myself, introduced basic and intermediate levels of Arduino, Processing, and 

other computational skills. The ‘Art’ section, led by Kendall, spanned activities ranging from 

welding and plaster molding to DIY tools and digital fabrication techniques. In the ‘Theory’ 

section, led by Dr. Jackson, participants discussed theories and approaches drawn from the 

more conceptual ends of the HCI, design, and Science and Technology Studies (STS) fields. 

In each class at least two of the three elements were included, usually divided into roughly 

equivalent segments of 1.5 hours each. Instructors participated fully in each section, including 
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those led by others. 

 

Two main assignments were designed through the collaboration of the teachers to emphasize 

improvisation’s ‘materially-driven’ and ‘error-engaged’ ways of learning in the context of 

HCI. In one assignment, ‘Improvisational Technology’, students were asked to produce 

technological objects in more intuitive and artistic ways by mixing both technological and 

artistic materials that the class had introduced. Like ‘technology bricolage’ [218] or ‘Zombie 

Media’ [84], the goal of this assignment was to mix, collage, or repurpose the artistic and 

technological materials that they had learned through the class rather than ‘designing’ them in 

linear and engineering fashions. The instructors further specified that results were not required 

to have functions or concepts. In subsequent group presentations, students brought a range of 

tangible artifacts that performed simple activities (like moving, blinking, or making sound) by 

employing technical and art materials and skills learned from the class. For example, one 

student designed an Arduino-based artifact called the ‘Nothing Wrong Car (fig. 2)’, which 

went back and forth with flashing LEDs and beeping buzzers, to express his idea that there 

was nothing wrong with a car that had no specific destination or utilitarian function.   

 

In another assignment, ‘Cross-media Conversation’, students were asked to build a physical or 

visual thing that responded to a theoretical idea explored in the course (or as the prompt 

described, to “answer words with things”) to promote more interdisciplinary and multi-

sensory ways of learning. For this assignment, the students presented DIY objects, screen-
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based works, and drawings that reflected, sometimes obliquely, the ideas of their chosen 

theory, and briefly explained their rationales and relevance. For example, two students 

collaborated to produce “Unknown Mirror (Figure. 9)”, an interactive two-way mirror that 

produced animated LED patterns only when the audience was not looking into the mirror. 

They explained the work as partly inspired by ideas around the ‘withdrawing’ nature of 

objects presented in one of the course readings, Ian Bogost’s Alien Phenomenology [18]. To 

support reflective and collaborative modes of learning, class exhibitions of work in progress 

were organized in which students and teachers shared ideas and feedback. 

 

 

Figure 9. Nothing Wrong Car (left), Unknown Mirror (right), Spring 2013 

In later interviews, participating students reported a range of motivations to attend the class. 

Many of them related to the unusually integrative and interdisciplinary combination of course 

components, leading to expectations of “unique” and “more creative” learning experience. As 

a senior from the art department explained: 
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I like to bring the knowledge and information I learn from other fields that are seemingly 

unrelated to art and tried to pull them into art and express some aspect of that world 

through the language of art. I think that the more sort of disparate the two fields are the 

more interesting the collaboration in the end. 

Most students (5/6) called out the learning opportunities in “Improvisational Technology” and 

“Cross-media Conversation” and their crucial grounding of ideas in the materially-driven 

approaches of the class. As one junior double majoring in information science and art 

described:  

I guess making things makes me more comfortable with whatever I'm working with…I think 

it's more of a source of inspiration maybe, but I don't think I can actually go on from that 

unless I make something. So, I think making something helps formulate my thoughts more 

than it does the other way around. 

The participants reported both positively and negatively on the general structure of the class. 

Some (4/6) described the learning opportunities attached to the various backgrounds in the 

class, and the positive “synergies” emerging from cross-disciplinary engagement. Others (2/6) 

described concerns – for example, that the “theory was too hardcore”, “the syllabus has not 

made it easy to keep up” or that the combination of activities felt chaotic or “inefficient.” The 

most negative evaluation on this score came from a senior art student, who wrote: 
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So, let me be clear in my own feelings. This course is disorganized, meandering, prioritized 

completely ineffectively… and clearly there is no consensus or prior planning between said 

professors. 

These challenges were echoed in feedback from instructors themselves, who reported the 

teaching experience as an “interesting experiment”, but acknowledged that the emergent and 

transitional structure represented a distinct practical challenge to course planning and 

collaborative teaching. As one noted:  

Our biggest challenge was mixing three different things in one place without much 

agreement [between the teachers] or experience on what we were actually going to teach. 

Other things, like preparing materials, tools and getting permissions from the school, were 

also headaches in preparing the class. 

Through this teaching experience, we studied how the different topics and approaches of 

engineering, art, and STS could be integrated in a single HCI classroom. We suggested 

various improvisational activities in which students could develop their own projects at the 

intersection of technology making, aesthetic exploration, and theoretical study. The two main 

assignments (“Improvisational Technology”, “Cross-media Conversation”) and class 

exhibitions were designed to support reflective, materially-driven, and interdisciplinary ways 

of learning. To enable such learning, and to be responsive to the emergent interests of the 

students, the instructors often needed to organize various spaces, tools, and materials without 
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much preparation time, a feature later reported as a core logistical challenge of the class. Four 

of the student participants reported such learning approaches as fresh and novel, and generally 

helpful in exploring and formulating more creative and interdisciplinary ideas and skills. Two 

however reported a mixed or more negative evaluation, arguing that the emergent structures 

were confusing and inefficient and expressing a preference for a more solid and indeed 

traditional plan for the course.  

4.2 Music Improvisational Ensemble, Fall 2016 

After this first experience, our research team decided to gain more specific skills and 

techniques in improvisational teaching from fields in which such methodologies play a more 

central role. To do so, we conducted a participatory study of a ‘Music Improvisation 

Ensemble’ class offered in our university’s music department during the fall semester of 2016. 

This intermediate level course was dedicated to exploring “the elements of music from an 

improviser’s perspective.” The class was taught by Annie Lewandowski, a multi-instrumental 

musician exploring improvisational beauty in experimental and indie rock music [133]. In the 

course ensemble, she mainly used a musical instrument called ‘Blister [33,163]’, a DIY 

synthesizer that produces unpredictable and chaotic sounds by detecting the natural electric 

flow of the user’s finger touch to the interface. The eight students involved in the course 

played musical instruments that included grand piano, electric guitar, bass, cedar thumb piano, 

and other DIY synthesizers. Musical backgrounds and proficiencies of the students varied 

from hip-hop to classical and from amateur to professional. Participants – five males and 3 
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females – were between 20 and 40 years of age. 

 

Although open to any level of musician playing any instrument, an individual audition was 

required of all students. In my own audition (in which I played harmonica), the instructor 

explained that this was not so much about evaluating musical proficiency, but was meant more 

as “a means of introduction” to each other through sound-mediated conversation. To that end, 

she briefly asked me to introduce myself by describing my interests, motivations, background 

and previous ensemble experience. After that, I was asked to play along with the instructor’s 

Blister for 2-3 minutes without any prearranged structure. In a later interview, she explained 

that the first improvisation with prospective students in the rehearsal helped her understand 

their own musical languages, and organize the upcoming ensemble in more detailed ways. As 

she described:  

There's a certain sort of ‘getting to know you through sound’ in the first-time people 

improvise together. People throw an idea up there then they throw another idea back, so you 

get to know the person's musical language. 

Starting from this rehearsal, the class introduced a range of concepts and practical methods by 

which multiple people, from duos to full ensembles, could produce collaborative music in 

improvisational ways. A key idea highlighted and continuously returned to throughout the 

course was that effective improvisation was neither random nor fully ‘free,’ but heavily based 

on the participant’s “listening” activity, by which distinct and singular styles or “vocabularies” 
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were brought into relation with one another. As the instructor described: 

I find that students do come into the class thinking that they're just going to do whatever they 

want or that they can just play whatever. Actually, most of the class is about learning how to 

listen, and then developing some vocabulary so that you can feel that you're actively 

listening. 

Like the earlier exercise of ‘answering words with things’ in the TAT sessions, this class also 

offered various in-class activities in which students were required to respond to visual factors, 

like video animation or human dance, with intuitive musical expressions. One session for 

example involved developing individual and group musical expressions in response to an 

invited Indonesian dancer’s gestures. In another, the class discussed and practiced how the 

process of a flower blossoming in the atonic time-lapse film, ‘The Birth of A Flower [208]’ 

could be sonified and mapped to diverse musical expressions (Figure. 10). 
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Figure 10. Group Improvisation with ‘The Birth of a Flower’, Fall 2016 

In addition, the instructor highlighted the speculative presence and function of “cross-

language” practices between different musical genres, which allowed her and the participants 

to explore surprising creativities and instances of group emergence across differences. As she 

described: 

There's this other plane of communication that I find I can't really nail down... It's amazing 

to find someone who is a bluegrass musician playing with someone who does grateful dead 

jam music and try to find this language. It's like something happened with these two people 

who don't even know each other necessarily. 

Throughout the course, the instructor also highlighted the importance of rules and structures in 

both individual and ensemble forms of improvisation. She explained that certain pre-assigned 

limits and structures that pushed against the natural styles and intuitions of the participants 

were not meant to disrupt or remove musicians’ free expressions. Instead, a certain level of 

constraint or pushback – even if seemingly arbitrary in nature – helped improvisational 

learners to engage in more cogent, coherent and unpremeditated forms of performance, while 

preventing the music from becoming “lost”. As she described:   

The class is always structured in that we'll start with some activity. Then there will be 

opportunities for a free improvisation, but it's coming out of some limitation. If you're not 

pushing against something, people get so lost and the music just gets nonsensical. 
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To this end, the course used diverse musical and non-musical factors, such as varied key 

signatures, tempos, visual cues, timbres, and sequences, as both individual and mixed 

structures. These structures were usually suggested by the instructor at the beginning of each 

section, and were reconstructed through the class collaboration based on group discussion and 

mutual listening practices. Structures achieved through this process had clearly and mutually 

agreed upon rules, but also considerable space and time in which individual participants could 

develop their own distinct and preferred musical forms. For example, the structure used for the 

final performance involved a combination of key signature, sequenced participation, and other 

minor rules. Within the structures, the participants were also required to develop their 

improvisational and creative musical expression in collaboration with others in the group. This 

is seen for example in the interaction below (transcribed from video analysis, Figure 11): 

On 16th November 2016, a day before the final performance, the eight participating students 

and the instructor gather for the final rehearsal. All participants are sitting in the chairs on 

the stage tuning their own musical instruments. These include two grand pianos, one electric 

guitar, one electric bass guitar, violin, saxophone, harmonica, and DIY synthesizer. There is 

no prepared score for the performance, and the participants in the moment have no clue 

what they will play for the performance. Once all participants are ready, the instructor 

stands up, asks them to stop warming up, and reminds them of the structure of the 

performance that the class members had produced collaboratively over the course.  
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“Okay, so let's do this. So, each of you gets two entrances. It’s all we’ve played. You can 

come in and play duo for a while, but ultimately, you're going to take over somebody else's 

solo, okay? You get two times to do it over the course of the improvisation.  Plenty of time 

to do it. So don't feel like you're in a rush to jump in for your own part.” 

Throughout the course, the instructor reminded students that such an “ironic” musical space, 

wherein group structure and individual freedom both co-existed and collided with each other, 

was the engine that drove improvisation’s distinct beauty and forms of group discovery. In 

later video analysis of the final performance, which ran ultimately for 18 minutes, we found 

that this structure often broke where more than two participants were engaged (sometimes up 

to four) in the play, which created its own situated and unique group-level expressions 

characterized by indeterminate mixtures of free play and fixed structure.  For example, at 

around 16 minutes, four players (harmonica, piano, electric guitar, and saxophone) came in 

and played together for 2 minutes. This moment naturally became the climax of the show as it 

was the loudest and the most collaborative musical expression.  
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Figure 11. Rehearsal for the final MIE performance, Fall 2016 

In this empirical study, we studied how the MIE class employed improvisation and 

experimental collaboration as a mode of learning and teaching. Reflecting theories of 

improvisation previously explored, the class highlighted the tension between pre-established 

structures and individual freedoms as a core catalyst of improvisational learning and 

discovery. To successfully turn such tensions into effective forms of group creativity and 

collaboration, the instructor highlighted mutual listening practices through which an initial 

pattern set by a leader or initiator was changed and evolved through iterative and open-ended 

musical ‘conversations’. Pedagogically, we found that the entrance interview with prospective 

students employed in the class helped both teachers and students build mutual understandings 

of the topics but also basic aims of the class, especially when these were subjective or 
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interpretive. In addition, crossover and multi-sensory practices, like experimental jam sessions 

between two musicians from radically different genres, or mapping flower openings to 

musical expression, were shown to be useful models for improvisational learning. Providing 

clear and mutually agreed upon structures was also found to enable students in developing 

intuitive and free forms of expression in more cogent and collaborative ways.   

4.3 Media Art Practice for HCI, 2014 - 2018 

Our third empirical study involved six cases of an ongoing independent study class titled 

“Media Art Practice for HCI” running from 2016 to 2018. Four undergraduate and two 

master’s level information science students participated, recruited through course 

advertisement within the department. These participants – three males and three females – 

were between 20 to 24 years of age. Sessions ran once a week for 2-3 hours through 16 weeks 

in our research lab where a round table, white board, and basic DIY electrical engineering 

tools and craft materials were prepared. Students were given independent study credit for 

participation. The course syllabus was designed by Dr. Jackson and me; however, it was me 

who met and worked with the individual students on an ongoing (and mostly one-on-one) 

basis. 

 

Inspired by the MIE’s entrance audition, the class required each student to give a pre-requisite 

interview (20 – 30 minutes) at the beginning of the semester in which the instructor learned 

their general motivation and background. According to students’ existing proficiencies and 
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academic backgrounds, some parts of the original syllabus deployed in the Tech-Art-Theory 

course were resurrected and edited. This tailoring was oriented both to pre-existing strengths 

and weaknesses, and the particular interests of the student participants. For example, for a 

masters student already proficient in technology building, we added more STS topics and 

artistic activities. For an undergraduate who was an avid songwriter, sections were added on 

data sonification, music visualization, and computational interfaces. Since the practice of 

“cross-media conversation” was found to be a successful improvisational practice in both the 

TAT and MIE cases, this course also employed it as a core learning activity in which students 

experimented with how their work could be converted or translated into different senses and 

media (for example, photography to poem, theory to dance, or data to sound).  

 

Compared to the first Tech-Art-Theory experiment, this series of independent studies provided 

a much clearer structure of instructor guidance and expectations of student work. But it also 

offered more improvisational opportunities for both students and instructor. The class began 

by declaring several rules that all participants needed to follow, including: (a) that all 

participants were required to spend a minimum of three but not exceeding five hours on the 

class each week (including formal instruction time); (b) that each student was required to meet 

the instructor for thirty minutes each week to report and discuss their learning and progress; 

(c) that the instructor was engaged in all class projects, providing formative and iterative 

feedback as projects developed; and (d) that all participants were required to produce a 

specific socio-material form of reflection, called a ‘dialogic learning portfolio’, which 
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combined the approaches and advantages of dialogic reflection [93,226] and learning 

portfolios [198,230]. For this reflection study, the students were asked to choose one of their 

friends (e.g. classmate, colleague) as an interviewer, asking questions about the learning 

processes, results and general experience of the class. By using this interview result as a 

guideline, the students were then asked to produce a learning portfolio (10-15 pages, Figure 

12) in which they exhibited their raw, intermediate and finished artifacts alongside their 

reflective texts. 

 

Figure 12. One sophomore student’s learning portfolio, Fall 2016 

Beyond this structure, students were given considerable freedom, and encouraged to develop 

their own creative projects working in media ranging from web interfaces to music, dance, 

photography and new media art. Throughout the course, the instructor explained the basic 

motivation and expectation behind such pedagogy by introducing various theories of 

improvisational learning, and continuously reminding the students that this mode of learning 
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required ongoing, deliberate and iterative reflection.  

 

For sixteen weeks, this course consisted of fifteen in-class learning and making sessions, with 

approximately half (5 – 7, depending on the semester) assigned as ‘open topic’ sessions, 

which covered emerging topics and practices that the instructor improvised through weekly 

interactions with the students. Topics were communicated to the students at least one week in 

advance. These open sessions sometimes involved HCI related topics such as web API, 

Arduino, or relevant HCI, art, and social science theories such as critical and speculative 

design, computational aesthetics, and post-humanism. In other cases, they involved seemingly 

unrelated topics and activities like synesthesia, photojournalism or art-video watching, 

selected according to interests and interactions uncovered in the entry interviews with students 

and/or earlier class sessions.  

 

The students produced a range of work for the class projects. These included web interfaces, 

tangible devices, music, dance videos, and photo essays, all of which were required to draw on 

technologies or theories learned from the course. For example, one masters student created a 

web interface titled ‘Life Symphony (Figure 13)’, in which a user can produce MIDI-based 

symphonic music based on global live birth and death data gathered from the CIA World 

Factbook’s API. Another masters student produced a hardware project called ‘invisible smile’ 

in which a user can produce an invisible image of a smile icon on the installed screen, which 

only can be seen in “technology’s eyes” (thermal camera), by applying heat to the resistors 
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through cranking an electrical generator. 

 

 

Figure 13. Life Symphony, Fall 2017 

Other students produced less technological projects where they employed their own creative 

practices (like music or dance) as main features of the work along with what they conceptually 

learned from the class. For example, one junior student choreographed and performed dance 

sequences in which she explored how she might reconsider everyday technological objects, 

like chairs and light bulbs, as equal dance partners by interacting with their material and 

functional properties (Figure 14).  
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Figure 14. Technology as a Dance Partner, Summer 2018 

In the later interview and reflection studies, the participating students reported various 

motivations to take the course. These included “to combine engineering knowledge with my 

artistic passion”, “to get my hands dirty on this Arduino stuff”, and “to be able to critique art.” 

About the pre-assigned rules and structures of this course, the students reported both positive 

and challenging aspects. Some students (3/6) questioned the effectiveness of the 3-5 hour 

limit, reporting that this “did not work well because of the nature of the work.” One masters 

student admitted that:  

I never consciously restricted myself to working a certain number of hours…I mean, for me, 

it's more important to complete the work than restrict myself to time. And maybe these things 

were kind of interesting, and so it didn't mean that I stopped there. Had it been boring, 

probably I would have restricted myself. 
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On the other hand, other students (3/6) mentioned that the limitation of time gave them a kind 

of intellectual pressure and “urgency” that ultimately helped them work in more productive 

ways. As one student explained: 

The urgency definitely maintains a sense of inspiration and keeps me on my feet. If I had 

more time than I needed, then I would not appreciate the time spent on my creative work as 

much as I do. 

In terms of the emergent character of the course structure, students showed both neutral and 

positive stances, but rarely mentioned the concerns around confusion or (in)efficiency 

ascribed by some to the earlier Tech-Art-Theory experiment. As one reported: 

I feel like I didn’t mind the fact that it wasn’t fully planned. But that’s probably just a 

personal preference. Also, I feel like because I’m so busy in my other classes during certain 

periods in the semester, I don’t really realize how the time has progressed. I just take the 

classes week by week. 

Another reported that she especially enjoyed the emergent and studio-based mode of the class: 

You didn't try to be like, ‘Oh you have to follow step one, two, three, four, five, in order to 

achieve this.’ But it's kind of like we build up the structure of the course over individual 

meetings, through weekly creations. Like, ‘Okay, this week I will make this.’ Then the next 

direction you think should be that. 
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On the other hand, one junior expressed disappointment that the open-ended learning process 

did not result in the Arduino-based tangible musical instrument that she had expected to 

produce for her final project. As she mentioned:  

However, due to the shortage of time, [instructor] and I decided that it would not be 

feasible. I was slightly disappointed that I didn’t get to make something physical with this 

independent study that would also relate to my musical interests. 

The instructor also reported ambivalent feelings (described as both “exciting” and 

“challenging”) around the open topic structure of the class. On one hand, prepping on the fly 

for an emergent range of topics required extra time and effort on the part of both teachers and 

learners. But this also provided a prod and collaborative opportunity to learn from each other 

and teach new things interdependently. As one instructor described: 

I think improvisational pedagogy basically makes both teacher and student more engaged in 

the class. I think it was a kind of collaboration and mutually educational work. The teacher 

also has to learn from students and study something new continuously. It sounds like extra 

work for the teacher, but indeed I found that it gave me much more motivation and 

excitement. 

In this section, we reported the experience of a series of semi-structured independent studies 
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that sought to incorporate student improvisation and more art-centered modes of learning in 

the context of HCI instruction. Compared to the Tech-Art-Theory course, these studies started 

with a more articulated set of rules and structures, albeit with considerable space for free 

practice for students. Entrance interviews and weekly meetings were employed as a means of 

‘mutual listening’ between teacher and student to plan indeterminate parts of the class. 

Participants reported that these improvisational approaches combining structure, 

communication, and open-endedness contributed positively to their motivation, engagement 

and experience. More images and videos of the students’ works can be found in this project 

website (https://www.leokang.com/tat/) 

5. Discussion 

The above sections explored the nature of improvisational learning and teaching through 

theoretical analysis and three ethnographic case studies. From this integrated work, this 

section reports specific pedagogical conditions (socio-material evaluations, multi-sensory 

practices, and making safe spaces for error) that can support improvisational learning. 

Finally, we speak to three problems of HCI pedagogy – relevance, assessment, and inclusion – 

that improvisational methods can help to address. 

5.1 Supporting Improvisational Learning    

Socio-material Evaluations  
Our study first shows how improvisational learning may be driven by iterative reflection on 
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both social and material actors in the situation. As the ideas of “learning by doing” in 

pragmatism and “wicked problems” in research through design explain, much of what is to be 

learned, achieved or solved in improvisation cannot be pre-assigned, but is “situated” and 

emerges through a learner’s interdependent interaction with both human and non-human 

actors. These collaborative actors can range from classmates and teachers to technological 

objects themselves – for example, the thermal camera and metal-framed chair in the cases 

above. Developing such situated ways of learning, various researchers and educators have 

underscored the crucial social and material dimensions of critical reflection, which enabled 

them to explore the specificity and richness of learning beyond the abstract or conceptual 

levels.  

 

As a way to support such socio-material learning process, our teaching team developed 

‘dialogic learning portfolios’ that integrated the approaches of dialogic reflection [93] and 

learning portfolios [230] as a key tool and mechanism for the assessment of learning 

outcomes. Unlike other showcase and assessment portfolios, learning portfolios focus on the 

process of learning and self-reflection by composing and presenting the learner’s raw, 

intermediate, and unpolished works [198]. As Bardzell et al ’s ‘multi-media documentation’ 

[6] and Gaver & Bower’s ‘annotated portfolio’ [65] similarly point out, such curated forms of 

materials, including computational artifacts used and produced from one’s own learning 

process, can play a role in the generation of insight and knowledge, both for those who 

encounter them and those who design them. In addition, as proponents of ‘dialogic learning’ 
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explain, one’s learning experience can be more effectively articulated through in-depth 

presentation and conversations with others (e.g. peer interviews) than through other purely 

descriptive and individual modes of reflection [36,37,226]. As Dewey, Schön, Ratto, and the 

student quoted earlier all emphasize (“it makes me think about what I make, and why I 

make”), such mixed forms of reflection can help students connect the doing, making, and 

knowing elements of their own practice, while extending their distinct perspectives and 

creativity in collaboration with others. 

Multi-sensory Practices 
Our study also shows that improvisational learning and creativity may involve multisensory 

learning [30,204] and reflective conversation [196] across different types of media. Compared 

to more linear learning models where learners engage content in step-by-step and single 

sensory modes (like learning Arduino by reading an instruction manual), improvisational 

learning involves the integration of learner’s visual, auditory, kinesthetic, and tactile 

experience (i.e. seeing, hearing, doing, and touching) and may be supported by crossover 

conversations between a variety of situated media and languages [184].  

 

As revealed in the process of making in the ‘Unknown Mirror’ and ‘Life Symphony’ projects, 

technological artifacts can be designed not only by engineering and utilitarian concerns, but 

also by other aesthetic considerations (e.g. visual, musical, or conceptual). To support such 

multisensory forms of learning and creativity, practices of ‘cross-media conversation’, like 
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converting Bogost’s text to interactive technology, expressing sound while watching a flower 

blossom, or studying birth and death API data through audio-visual practices, were employed 

in our study. Although such cross-media practices occasionally led to unclear, incoherent, and 

provisional results, their translational processes helped learners engage in unique and more 

heterogeneous forms of creativity that extended beyond what could be achieved by other more 

linear and isolated learning models. 

Making Safe Spaces for Error  
Finally, our study explains that improvisational pedagogy needs to offer spaces that allow and 

support learners situated mistakes and transgressive expressions. Whether in art studio, dance 

rehearsal hall, or the confines of a musical practice room “making a space safe for stupidity” 

[119], in which fumbling and “messy” experimental practices can lead to novel and 

unanticipated forms of creativity, is a core condition of improvisational learning. For HCI, this 

may mean providing more flexible learning spaces in which learners can explore emergent and 

non-linear modes of practice without excessive adherence to pre-defined goals (or undue 

threat of the consequences of ‘failure’). However, as Vygotsky’s gaps, Sawyer’s “artful 

balance between structure and improvisation”, and the MIE class structure incorporating 

arbitrary constraints suggests, providing learners a certain level of constraint or oppressive 

structure can also promote learning motivation, engagement, and discovery. In other words, 

creativity in improvisational situations may benefit from neither a fully determined plan nor an 

entirely open field action (put simply, ‘just letting learners do whatever they want'), but 
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emerges instead as a negotiated space in which learners struggle, fail, and arbitrate their 

freedom within and against the exigencies of existing rule and structure.  

 

Our study suggests that building such safe spaces for error requires a collaborative process 

between teachers and learners that itself blurs the line between teacher and student. As one 

teacher in our empirical study explained in describing his teaching experience as “mutually 

educated work”, teaching and learning in improvisational settings are neither clearly separable 

nor independent activities. Instead, they exist in an interdependent relationship wherein 

teachers and students engage in “collaborative tension” to produce a mutually educative, but 

sometimes challenging, experience in which both sides must give and take. To manage such 

tensions, mutual listening activities can make the pedagogical process less risky and more 

reciprocal. As the examples of pre-requisite auditions, weekly meetings, and open topics in 

our study suggest, such collective improvisational spaces built on mutual communication may 

help both learner and teacher to expect, manage, and control upcoming uncertainties and 

conflicts, and ultimately to produce a vocabulary or language of their own in relationship with 

each other. 

5.2 Problems of HCI Pedagogy 

The above analysis of improvisational learning has underlined the value of learner-driven and 

artistic practices in the broader science and engineering fields, along with the hybrid 

disciplinary fields that constitute the study of HCI and design. Beyond the particular sites 



 

 

 

 

 

106 

 

 

explored here, how do improvisational methods help us to address known problems in HCI 

pedagogy? 

Relevance 
Improvisational methods may help speak to problems of relevance in HCI and broad 

engineering pedagogy, where ‘what to learn and teach now’ may not be correspond to “how 

the world is now” [2] and the learners’ real and present social life [43]. Especially in specific 

lecture-based HCI classrooms focusing on classical STEM subjects (data structures, linear 

algebra, etc.), learners’ interventions to the subject matters are usually limited or prohibited. In 

such educational environments, building some amount of open spaces into syllabi – in which 

the topics of individual sessions are left for later decision according to the evolving interests of 

the class – can help reduce such problems of relevance. Like the open-topic model in our 

experimental pedagogy, such co-constructive and participatory opportunities for learners to 

define their own subject matter can help them attend to and develop more personally 

motivated inquiries and creativity in the context of other topics in the class. Similarly, the 

addition of improvisational practices of technology design, like ‘improvisational technology’ 

or ‘technology bricolage’ [218], can be a great way to promote learners’ constructive and self-

defined inquiry practice. Presenting this work publicly and understanding their values and 

problems through other social members’ interaction and critiques can also help learners 

develop more interdependent creativity and knowledge relevant to the learners’ present lives 

and circumstances. 
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Assessment  
Improvisational methods may also speak to problems of assessment, pointing out that many 

forms of HCI learning, especially those which are driven by improvisational methods, are 

difficult to evaluate through classic approaches to assessment (e.g. letter grading by 

comparing one to another). As the perspectives of constructivism and pragmatism highlight, 

human learning processes are intrinsically ‘reconstructive’, with no clear boundary between 

the starting and end points of learning – thus, no right and wrong, or better and worse learning 

experience as arrayed on some universal and invariant plain. Although such evolutionary ways 

of learning have advantages as discussed above, they may discourage some HCI learners and 

teachers by challenging senses of comfort and predictability – especially amongst those 

unfamiliar with studio- and experientially-based methods of inquiry. Thus, for more studio-

based and hybrid HCI classes where some part of what is to be learned is arrived at through 

emergent and open-ended processes, establishing appropriate and clear pedagogical structures, 

like deadlines, deliverables, and clear (if flexibly implemented) evaluation criteria, may help 

establish a frame or constitutive tension against which learners’ free activity can unfold. As 

our discussion of mutual listening suggests, such pedagogical structures can be collaboratively 

constructed through pre-assigned communication spaces to establish safer and mutually 

accountable classrooms.  

Inclusion 
Finally, improvisational methods may help to address problems of inclusion, providing diverse 

opportunities for learners and contexts less well-served by existing traditions of teaching and 
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learning. For example, improvisational methods can be an assistive model of pedagogy for 

those with particular non-linear learning styles or learning challenges. For learners with 

ADHD (attention deficit hyperactivity disorder) or ODD (oppositional defiance disorder) who 

may suffer under monotonic and unilateral modes of learning, or like the dancers, makers, 

photographers and musicians in our study who already have strongly motivated practices, 

improvisational learning can provide an alternative mode that allows access to certain subject 

matters in more flexible and self-defined ways. The multi-sensory learning and cross-media 

conversation examples described in this chapter also can be supportive tools for those who 

have more complex neurological conditions (e.g. synesthesia, dyslexia) and “different kinds of 

minds” including those who might fall at various places on the spectrum [74,140]. Similar to 

practices of art therapy [217], improvisational methods may support psychological and 

cognitive expressions that can help learners develop self-awareness, self-esteem, emotional 

resilience and a sense of success and accomplishment within an educational environment that 

has more typically treated their difference as a lack or deficit. 

 

It can also be beneficial for classrooms where cultural or language barriers exist. As it 

provides another plane of communication through making things and presenting them, 

improvisational techniques can soften language hierarchies or cultural barriers (whether 

recognized or invisible) that often lead to differential learning outcomes and experiences 

[106,224]. Such psychological, artistic, and cross-cultural learning engagements may help us 

to reimagine school as not only a “bank” of knowledge (in which not all currencies are traded 
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equally) but also as a therapeutic encounter in which learners’ natural curiosities, mistakes, 

and a never fully controllable outer world get all tangled up to produce more reciprocal and 

inclusive forms of creativity and knowledge. 

5.3 Limitations and Future Work 

However, improvisational pedagogy may face important limits and difficulties, especially 

within the constraints of a strictly institutionalized educational system. Whereas the topic and 

practice of what is to be taught and learned are subject to change in improvisational learning 

environments, the institutional and regulatory structures of the school system may lack the 

flexibility and suppleness to satisfy such contingent calls. Scale poses problems of its own: for 

larger enrollment classrooms where individual students’ learning interests and styles are too 

diverse for teachers to follow and support in more individualized or artisanal ways, such 

improvisational and co-constructive pedagogical models may be challenging or overwhelming 

to practice. For teachers and learners more comfortable and motivated by grading systems 

built around clear, universal, and easily articulable evaluation criteria, improvisational 

pedagogy can appear confusing, anxiety provoking, or arbitrary – a point which reinforces the 

importance of building and updating mutual and collaborative expectations before and 

throughout the class. Despite these efforts, the result for some may still feel, as it did for one 

participant quoted above, “disorganized, meandering, prioritized completely ineffectively…  

and [with] no consensus or prior planning between said professors.” Improvisational learning 

and improvisational teaching are not for everyone. 
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6. Conclusion 

Why is it important for HCI to adapt more improvisational learning and teaching techniques 

today? Uncertainty and the pace of change in rapidly evolving socio-technical environments 

may benefit from more nimble, responsive and improvisational forms of education [32]. At the 

same time, as existing and emerging tools and learning platforms from printed books to online 

education to virtual reality become available to learners, the activity of learning itself may 

naturally evolve towards more autonomous and complex forms, and (further) away from static 

and passive conceptions. By making connections between different approaches across 

traditionally separated disciplines, learners may learn to build their own learning methods vis-

à-vis the existing task and act of learning. In addition, growing awareness of the deep and 

pernicious links between inequality, artificial intelligence and computing more generally, 

demands more careful social and intercultural considerations in the learning, teaching, and 

development of computational and engineering systems [178]. For the fields of CSCW and 

HCI, where a wide range of academic cultures continuously meet, merge, and collide, 

improvisational forms of pedagogy can also support a more negotiated and open space of 

encounter in which people from different disciplines, styles of learning, and orientation to the 

world can work together to build more reciprocal and collaborative forms of creativity, 

discovery and learning. 
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CHAPTER 3 

THE ELECTRONICISTS: 

BUILDING TECHNO-AESTHETIC PRACTICE FOR SUPPORTING  

NONLINEAR PRACTITIONERS IN HCI6 

 

1. Introduction 

How can we best engage artistic senses and approaches within HCI and the broader STEM 

fields? And are there alternate modes of inquiry and collaboration that can better support non-

linear practices (and practitioners) in HCI? Over the last two decades, the understanding of 

human-computer-interaction and its approaches have significantly expanded to include notions 

of engineering and design that involve constructive, constructionist, and artistic modes of 

inquiry. By exploring how ‘doing’ and ‘knowing’ are interconnected to each other, recent 

researchers and designers have engaged HCI questions and matters of concern through the 

 

6 A slightly edited version of this chapter is on review to be published as “Kang, Laewoo, Steven Jackson, 
and Trevor Pinch. “The Electronicists: Building Techno-aesthetic Practice for Nonlinear HCI 
Practitioners”, Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems. ACM, 
201. I, Steve, and Trevor mainly organized this art-based research project. I designed, conducted, and 
analyzed the ethnography study on this work. Steve and Trevor gave regular feedbacks that shaped the 
direction of analysis. I wrote the first draft and later revisions with feedback from Steve. 
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reconstruction of their own technological learning experiences. This work has opened up 

diverse methodological approaches highlighting practices of inquiry that include critical, 

reflective and speculative endeavors [16,48,80,162,200], materially-engaged and multisensory 

activities [63,73,90,177], and experimental and interdisciplinary collaborations [4,12,92,109]. 

These newly burgeoning approaches have helped HCI and other STEM disciplines to explore 

new creativities and tackle underrepresented problems less easily addressed under more 

behavioral and engineering-driven approaches. 

 

Following these lines of work, our research team has engaged in several ethnographic projects 

[91,100,109,111] over the past decade through which we met and worked with tens of artistic 

practitioners who studied, worked and collaborated in HCI and the STEM fields. As other art-

related HCI projects (see inter alia [12,28,62,92,123,130,132,201]) have shown, these 

encounters informed us that there are a considerable number of practitioners in the broad 

STEM fields eager to employ artistic skills, sensibilities, and modes of expression alongside 

more traditionally ‘academic’ work. These participants commonly told us how practicing art is 

a crucial method not only for stimulating their creative thinking processes, but also for 

supporting the affective and psychological dimensions of their academic life and identity.  

 

In recent HCI and design, such roles of artistic practice have been explored in couple of key 

dimensions, including how it helps us to respond to situated and emerging technological 

problems in more nimble ways [32,71,72], to support practitioners’ self-confidence and 
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motivation in their inquiry spaces [29,106,171], and to push and refigure existing HCI notions 

of learning, creativity, and arguably interaction itself [42,52,84,103,111,135]. From the 

presence project [67] to design noir [49] to feral robotic dogs [104], the recent HCI and design 

fields have also shown abundant examples of modes of inquiry that have produced unique 

technological artifacts that could not be achieved by more linear and utilitarian engineering 

approaches.  

 

Yet, there is still a limited understanding of art practice and how it works as a mode of inquiry 

in technology-engaged fields, and the academic conditions that might enable this mode of 

learning and creativity, especially in the context of HCI and design. As recent literatures 

around alternative design approaches point out [73,162], comparatively little theory and 

method exists for grasping and employing these artistic and alternative movements, and for 

explicating their relation to other modes of inquiry. As theories of ‘somesthetic’ design 

recently emerging in HCI and design also argue [4,90], the currently available methods of 

inquiry for artists in the fields, which usually involve interview-based qualitative approaches, 

are not sufficient, and need to be extended to more efficiently support practitioners’ situated, 

materially-driven, and multi-sensory styles of inquiry. We will return to these modes later 

under the more general rubric of ‘nonlinear’ ways of learning and making. 

 

The following sections seek to extend these lines of art-based HCI practices in a couple of 

directions. By presenting theoretical and empirical studies about crossover practices between 
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art, engineering, and the humanities, our main goal is to explore how existing inquiry 

approaches in HCI can be modified and extended to better support artistic and nonlinear 

practices and practitioners in the fields of HCI and design. To this end, the first and second 

sections investigate recent literatures in the fields of HCI, anthropology, and science and 

technology studies (STS) that both theoretically and methodologically explore nonlinear and 

aesthetic modes of human cognition and activities in technology design and use. Based on 

this, we argue the need for better frameworks capable of grasping theoretically the nature of 

art-based HCI practices (including in their relationship with other modes of inquiry) and 

supporting methodologically the various nonlinear practitioners in the field.  

 

To meet this need, we first study three renowned hybrid practitioners (Billy Klüver, Nam June 

Paik, Bob Moog) in the late 20th century who actively blended art and engineering practices 

in producing their work, often in rich multi-party collaborations with others (though this 

feature is partly obscured under the conventions of artistic fame and ‘authorship’). We then 

present an empirical case of our own, a collaborative art project called ‘The Electronicists 

(2019)’, in which 11 participants from art, music, engineering, and academic research, 

including myself, collaborated to produce three hybrid forms of work: an interactive art 

installation, an illustrated academic essay, and a live audio-visual performance. Based on these 

studies, we propose a theoretical and methodological framework of techno-aesthetic practice 

that pursues mediated creativity at the interface of engineering, art, and critical inquiry, 

including through the production of specific kinds of ‘boundary objects’ [210] that can travel 
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across and in some measure connect these worlds. We also suggest trust-based experiments, 

error-engaged studios, and art-based ethnography as central methodological tenets for this 

practice. Finally, we explain how techno-aesthetic practice can deepen and extend practices of 

interdisciplinary creativity as well as learning inclusion and diversity in HCI and the broader 

STEM fields. 

2. Nonlinear and aesthetic engineering 

Although often regarded and practiced as separate domains, art and engineering historically 

have had various intimate connections. For example, the word ‘art’ is originally derived from 

the Latin word ‘ars’, translated from the ancient Greek word ‘techne’ [79,142]. Unlike the 

more complex and rarefied meanings attached to contemporary use of ‘art’, techne in its Greek 

usage generally referred to skill or craftsmanship, especially as expressed through the making 

of physical things with hands and tools. The word ‘technology’ (techno-logia) shows similar 

etymological roots, combining with another Greek word ‘logos’ (word, myth) to mean in 

origin something like ‘the story of human dexterity’ [44,214]. Given these common and 

modest origins, for many centuries the lines between art, craft, and engineering remained 

blurred. Leading figures in each, most famously perhaps Leonardo Da Vinci in the 

Renaissance, could not be easily sorted according to this typology. Indeed, many traits and 

tendencies used by later generations to distinguish between artists and engineers – for 

example, intuition vs. logic, creativity vs. practicality, freedom vs. discipline  – were long 

viewed as common points within a shared program of human skill, labor, and technique 
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[39,44,117,129,144]. 

 

What we would now commonly recognize as a boundary between them emerged only in the 

18th century. At that time, Baumgarten and other theorists began for the first time to use the 

word ‘aesthetic’, derived from the ancient Greek ‘αἰσθάνομαι’ meaning ‘I feel or perceive’, to 

explain how artworks may differ from other more common or utilitarian objects 

[114,193,194]. These theorists suggested an absolutist and metaphysical idea of aesthetic 

universality ‘disinterested’ in either the taste of specific social groups or the practical benefits 

to be derived. Meanwhile, the notions of technology and engineering evolved in their own 

separate disciplinary directions. Literally denoting those who know how to use and produce an 

‘engine’ (from ‘ingenium’ in Latin, meaning ‘clever invention’), the engineers became those 

who designed and produced artifacts with clear functions providing practical benefits to their 

users [120].  

 

In early computer science and other engineering fields that came out of this separation, the 

activity of making things was often understood as a kind of purposive and goal-directed action 

unfolding through linear, instrumental, and broadly predictable progressions [2,122,213]. Such 

traditions often defined “making an artifact” as a “design” activity that was supposed to follow 

clear procedures and blueprints drawn by the authorities (e.g., designer, engineer) to solve 

specific problems identified by them a priori. This ‘hylomorphic [96]’ perspective however, in 

which making consists of giving teleological forms (morphe) to a mostly inert world of matter 
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(hyle), has been challenged by older and newer works in the fields of STS and the social 

sciences that highlight more situated, materially-driven, and aesthetic (i.e., perceived, felt, 

ineffable) forms of cognition and activity in the process of technological development. 

 

For example, Bucciarelli [23] pointed out that such hylomorphic visions of the design process 

reflect “utilitarian” understandings based on the presumptions that “scientific discovery 

becomes the determinant of technology’s functions and form” and “who and what determines 

the form and function of a technology starts from the marketplaces.” But based on his 

empirical studies of various emerging technologies (e.g., x-ray inspection system, a photoprint 

machines), Bucciarelli reported that design activity involved more complex processes where 

related social and cultural parties constantly negotiate variously situated ethical, political, and 

economical issues. Through the concept of Social Construction of Technology (SCOT) [4], 

Pinch et al. advanced a similarly situated and contingent vision of the technology creation 

process. Drawing on EPOR (Empirical Program of Relativism) in the sociology of scientific 

knowledge, which explained how scientific knowledge is introduced and stabilized in society 

through “interpretable flexibility”, Pinch et al. explain that the developmental process of 

technological artifacts also goes through specific steps of social construction and negotiation, 

including the “alternation of variation and selection”, the deployment of “multidirectional 

models”, and “stabilization”. Becker’s idea of ‘Art Worlds’[10] similarly points out the social 

influence and collaborative nature of art-making processes, in which artwork is not the 

product of an individual (the artist) but that of a social collaborative system in which the artist 
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is just one of several players. Suchman [213] looked at the social construction of technology 

design from a more cognitive approach, highlighting that general human action is necessarily 

‘situated’ in contexts in which people use their circumstances to achieve intelligent action. 

Rather than representing all human action in such a narrow and rationalized way, Suchman 

described instances in which circumstances (or ‘situations’) play a fundamental role in 

cocreating intelligent action.  

 

Extending such theories into design, various post-humanistic and art-based scholars in the 

fields of STS and anthropology have highlighted how design process and creativity are heavily 

dependent on ‘non-human’ and ‘material’ actors in design situations. For example, through 

actor-network-theory (ANT), Latour [127] explains that non-human things can have certain 

forms of “agency” that influence and frame other actors’ actions and qualities. Latour also 

clarifies that the capacity of agency is not fully based upon the actor’s own original capacity 

and innate essence. Instead, it appears as a dynamic and “relational effect” of how the actor’s 

network is constructed, what kinds of human and nonhuman actors comprise the network, and 

how these actors interact with each other. Hutchins [95] also builds the concept of “distributed 

cognition”, which explains that human thoughts and behaviors are not entirely framed or 

controlled by the individual’s intention, but are instead “naturally-occurring and culturally-

constituted” while interacting with surrounding socio-material actors. Hutchins maintains that 

human cognition is involuntarily and necessarily distributed across diverse components, 

including ‘human social groups’, ‘material actors and environmental infrastructure’, and 
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‘time’ in which earlier events affect the nature of later events. 

 

Some recent scholars and practitioners have begun to push such materially driven perspectives 

in a more aesthetic and multi-sensory direction. For example, David Pye [172] pointed out the 

scientific nature of technological function and its tenuous relationship to aesthetically-driven 

practice in which function in design processes present constraints, but does not negate nor 

enhance aesthetic choice and viability. Based on his design experience from wooden furniture 

to more advanced technologies, Pye explains that design choices are rarely purely logical or 

rational, but represent a series of “aesthetic decisions” that have their own ineffable and multi-

sensory mechanism, which cannot be fully explained by logical “words.” Kentridge [119] and 

Schön [197] have emphasized the importance of reflective “conversations” with materials in 

the broad design and art making process, through which practitioners “give themselves over to 

the medium” and follow what the situation provokes through a series of multi-sensory 

conversations. Ingold [96,97] similarly explains how artifacts, technological or otherwise, 

“arise” within fields of influence and flows of multisensory interactions with material actors. 

Rather than describing making activity as fulfilling a previsioned step-by-step solution, Ingold 

thus frames it as an organic and interactive practice with materials that operates as a kind of 

“weaving”, where designers “bind their own pathways or lines of becoming into the texture of 

material flows comprising the lifeworld.”  

 

This section has argued for situated, materially-driven, and multi-sensory modes of practice 
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both within and beyond engineering and design, and argued that such ‘nonlinear’ modes are 

both under-theorized and under-appreciated within the field. This work shows how much 

human cognition and activity, including the frequently more formalized practices of 

engineering and design, cannot be understood as simple and linearized process, but are better 

grasped and approached as a (potentially) rich set of activities in which diverse socio-material 

participants intertwine in both logical and multi-sensory ways. This nonlinear viewpoint also 

explains how even narrowly designed artifacts may be neither fully settled nor subordinate to 

original purposes or preassigned goals. Instead, they recast these artifacts as more independent 

living entities in our world where why and how they exist are “in movement, in flux, in 

variation [96]” based on different space-time and socio-material contexts.  

3. Nonlinear and aesthetic practices in HCI  

In HCI and design, theoretical viewpoints highlighting situated, materially-driven, and 

aesthetic modes of inquiry have been reflected in various methodological approaches 

developed over the past two decades in particular. Research through design [228], design 

research [124,186], and other “alternative” approaches (see their lists and summary in Pierce’s 

recent work [162]) explore more constructive modes of inquiry (i.e., learning by reflection) 

[161]. These approaches highlight the importance of ‘situating’ practices in design and 

research environments to generate knowledge and access to that knowledge through designed 

artifacts. These approaches assume that what and how to learn and make (whether research 

questions or designed artifacts) cannot be clearly predefined, but emerge instead and are 
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reconstructed through practitioners’ critical and systematic reflection in specific socio-material 

situations. These approaches also allow designers to make research contributions based on 

their strength in addressing contingent, complex and frequently open-ended problems.   

 

Other approaches highlight more ‘materially-driven’ and constructionist modes of inquiry – a 

form of learning by making. For example, critical making [177] underlines learners and 

designers’ situated experiences and insights derived from hands-on activity and material 

engagement with DIY electronics. By integrating critical thinking and techno-making activity, 

this methodological approach promotes reconnecting physical experiences with technologies 

to conceptual critiques and inquiries around distinct social questions and problems. In cultural 

probes [16,66], a set of curated artifacts, like maps, postcards, and disposable cameras, are 

recruited to help HCI researchers explore hidden creativities or underarticulated problems that 

resist discovery and awareness under more linear and hylomorphic approaches. Technological 

bricolage [218], and other craft- and material-based practices [63,84,168,188] have 

highlighted the complementarities between the practitioner’s intuitive material expressions 

and logical engineering practices. 

 

Extending from such situated and materially-driven methods, several recent approaches have 

highlighted ‘multisensory’ and ‘aesthetically’ engaged modes of inquiry in which how 

practitioners themselves perceive and intuitively react to the material worlds around them 

become key ingredients of the inquiry process. For example, the concept of ‘somaesthetic’ and 
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‘somaesthetic appreciation’ [88,90,205] suggests the value of specific autobiographical 

inquiries that include other social members’ feedback to support specific HCI practitioners 

who engage kinesthetically and introspectively with bodily and sensory experiences. ‘The 

magic machine workshop’ [4] suggests a short, intense, workshop-like approach that supports 

“radically personal visions of a potential novel technological thing”, while surfacing 

individual commitments and underlying personal desires. ‘Sound-driven design' [41] focuses 

on ‘sonic’ considerations in design situations to suggest a mode of human-centered design 

informed by practices of listening and other multisensory dimensions of interaction. This 

approach points out a ‘semantic gap problem’ in such multisensory practices, which pertains 

to how people experience and talk about sound, and the challenges of communicating and 

externalizing the sonic experience, suggesting more ‘multidisciplinary’ and ‘co-design’ 

activities where multiple stakeholders engage experimentally with more open-ended design 

situations. 

 

These recent nonlinear and multisensory modes of HCI inquiry actively employ approaches 

borrowed from constructivism, constructionism, and pragmatism, which commonly highlight 

practitioners critical and deliberate reflection and speculation on both social and material parts 

of experience. For example, reflective design [200] highlights that the reflective practice on 

unconscious values embedded in computing by integrating participatory, value-sensitive, and 

critical design approaches. To support and highlight material sides of the reflection, collecting 

and analyzing a set of ‘mediums’ [6] or producing ‘annotated portfolios’[65] by linking 
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material activities to processes of theory formation in writing. Speculative design [50,80] 

suggests ethnographically-informed approaches that explore ‘future scenarios’ addressing 

essential human attitudes, assumptions and concerns. These emerging methodological forms 

commonly involve crossover and hybrid approaches in which ethnography and design inform 

each other, or where the outputs of design are regarded as interpretable and creative rather 

than determinate and practical [203]. 

 

Such nonlinear and aesthetic processes also commonly involve a non-utilitarian role for 

technological products, allowing for aesthetic and socio-political experiences that may bridge 

beyond their practical benefits. Rather than considering technological function as something 

that only exists for specific utilitarian goals, the researchers and designers in these modes of 

inquiry have often called for richer and more holistic engagements by employing non-

utilitarian concepts, calling out the ‘adversarial [46]’, ‘hedonic’ [29], ‘pleasure’ [36], ‘fun’ 

[49], ‘ludic’ [26], or ‘spiritual’ [9] dimensions of technological objects and encounters [68].  

In the process, these objects may ‘work’ across multiple ways and worlds at once. 

Jeremijenko’s Feral Robotic Dogs [46], sniffing out pollution to invite the public discussion of 

environment contaminants, Gaver et al.’s Prayer Companion [68], displaying a stream of 

spiritual information gathered from RSS news feeds, and other artistic HCI works (see, inter 

alia [38,131,136,150,221]) provide rich examples of such ‘boundary objects’, which Star & 

Griesemer [210] describe as “both plastic enough to adapt to local needs and constraints of the 

several parties employing them, yet robust enough to maintain a common identity across 
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sites." Sengers & Gaver similarly highlight the importance of “multiple, potentially competing 

interpretations” in design evaluations that help promote communication and interaction 

between different social and academic groups. 

 

Taken collectively, recent theoretical discussions rejecting plan-based and hylomorphic 

understandings of technological development have been reflected in numerous methodological 

approaches in HCI and design. These approaches commonly highlight constructivist and 

ethnographic approaches highlighting practitioners’ deliberate socio-material engagement and 

reflections. More recently, multisensory and aesthetically engaged practices combined with 

interdisciplinary and experimental workshop techniques have been introduced to the field to 

support various art and nonlinear practitioners. However, comparatively little theory and 

method has been developed to help explain and deploy these nonlinear activities, or to 

explicate their relation to other modes of inquiry in the field. As ‘somesthetic’ and other 

‘alternative’ design approaches also point out, the currently available inquiry methods for 

artists in the fields of HCI and design are not sufficient and need to be updated to more 

efficiently capture and understand the practitioners’ situated, materially-driven, and multi-

sensory styles of inquiry. More art-based examples are also required to carefully identify the 

specific conditions and situations that might promote (or discourage) such nonlinear practice. 

To attend to these questions, the next two sections study three historic hybrid practitioners 

who actively blended art and engineering practices, and our own collaborative art project ‘The 

Electronicists’ in which 11 participants from the fields of art, music, engineering, and 
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HCI/STS research collaborated to produce their own crossover works. 

4. Learning from Three Hybrid Practitioners 

In this section, we review three renowned hybrid practitioners (Klüver, Paik, Moog) in the 

mid-20th century. In the media art and music fields, often held separate from HCI and design 

scholarship, these practitioners represent historic figures who actively blended art and 

engineering practices in the course of producing new forms (and often genres) of work. 

Through this review, we intend to explore how their blended art-and-engineering practices 

necessarily departed from purer or more conventional engineering or artistic approaches, and 

the characteristics and values that were thus embedded in their productions. These can help 

suggest lessons around the specific conditions that might promote, or discourage nonlinear 

and crossover practices in HCI and design as well.  

4.1 Johan Wilhelm Klüver 

Johan Wilhelm (Billy) Klüver (1927 - 2004) was a Swedish electrical engineer who mainly 

worked for the Bell Telephone Laboratories in Murray Hill, New Jersey. Klüver was also a 

founding member of ‘Experiments in Art and Technology’ (E.A.T), a historic and ongoing 

organization established to explore interdisciplinary collaborations between artists and 

engineers in the greater New York area. From the early 1960s, Klüver started employing his 

engineering skills and knowledge for diverse experimental art projects while assisting and 

collaborating with a number of leading visual and experimental artists in the New York area, 
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including Jean Tinguely, Robert Rauschenberg and Nam June Paik. One of the biggest and 

most renowned projects among them was ‘9 Evenings: Theater and Engineering’, a series of 

live art-and-technology performances, which occurred October 13 to October 23, 1966 at the 

69th Regimental Armory in New York City [126,154]. 

 

Figure 15. (left) Billy Klüver, (right) Billy Klüver and Robert Rauschenberg 

This project is considered the first large-scale interdisciplinary collaboration between 

twentieth-century artists and engineers. Led by Klüver and Rauschenberg, 10 New York-based 

artists and 30 engineers from Bell Lab participated in this project. Among these participants 

were some notable avant-garde artists and musicians such as John Cage, David Tudor, and 

Robert Whitman, and renowned engineers, such as Bela Julesz, John Pierce, and Fred 

Waldhauer. These artists and engineers worked together for ten months, experimenting with 

integrating the aesthetics of art and engineering into one hybrid form of work. These 

collaborations resulted in ten technology-mediated performances in the final show, each 

produced by one artist and one lead engineer with the assistance of other engineers as needed. 
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Emerging industrial and commercial technologies rarely used for artistic and non-utilitarian 

purposes, such as closed-circuit television, video projection, wireless sound transmission, and 

Doppler sonar, were used as artistic tools and materials for producing these performances. For 

example, in ‘Open Score’, Rauschenberg and another Bell Lab engineer Jim McGee 

collaborated to produce a new type of tennis racquet interacting with the amplified speakers 

and lighting on stage by using the FM transmitter, pre-amped microphones, and fiberoptic 

cables. 

 

Figure 16. Tennis racquet in 9 Evenings (1966) 

While participating and organizing these art-and-engineering projects, Klüver explained that 

such interdisciplinary collaboration did not only inform each side positively, but also helped 

give rise to unexpected and emergent forms of creativity unavailable to either group working 

on their own. As he later described [154]: 
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All the projects I have worked on have at least one thing in common: from an engineer’s 

point of view they are ridiculous. That is their value… The idea was that a one-to-one 

collaboration could produce something that neither of the two could individually foresee. 

And that was the basis for the whole thing, and the system developed from there. 

Rauschenberg, Klüver’s main art collaborator in this project, also explained that this model of 

artist-engineering collaboration was not meant to follow specific direction for making clear 

conclusions, but to explore both possibilities and impossibilities between two groups. As he 

explained in the interview [154]: 

An area of intellect that was so isolated, colliding with something that had no direction, 

which is what I think art should, that's the way it should be going. Both of them shared their 

infinite possibilities, and impossibilities. I think the engineers liked the spirit, and I think the 

artists like the mind. And the guys were working for nothing, we were working for nothing — 

what a way to run a business! 

4.2 Nam June Paik 

Another hybrid practitioner who actively blended artistic and engineering approaches in this 

era was Nam June Paik (1932 - 2006). Paik was a Korean American artist who mainly 

employed a variety of electronic media and technologies, from television to VCR to satellite, 

to produce his audiovisual artworks and installations. Alongside John Cage, George Macunias, 

and Ono Yoko, Paik was a pivotal member of the Fluxus movement, an interdisciplinary 
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community of artists, musicians, and performers that highlighted the value of artistic and 

experimental process over the finished products. Paik is often considered to be the founder and 

pioneer of the twentieth-century tradition of video art. 

 

In 1964, Paik moved to New York, and started using various electronic media to extend his 

existing art and musical expressions. To use complex electronic technologies, Paik studied 

electrical engineering by himself, especially focusing on Norbert Wiener’s idea of Cybernetics 

that emphasizes complex and reflexive causality through which the results of actions are fed 

back as inputs to further action. While mixing such engineering knowledge with his previous 

artistic methods, Paik found that his hybrid practices were not fully linearized or pre-perceived 

processes, like pure engineering or classic music approaches. Instead, Paik observed that they 

often followed situated feedbacks and process-oriented engagements through which he looked 

for “the way” rather than “a pre-imaged vision before working.” As Paik described [157]:  

In usual compositions, we have first the approximate vision of the completed work, the pre-

imaged ideal, or ‘IDEA’ in the sense of Plato. Then, the working process means the 

torturing endeavor to approach to this ideal ‘IDEA.’ But in the experimental TV, the thing is 

completely revised. Usually I don’t, or cannot have a pre-imaged VISION before working. 

First I seek the ‘WAY’, for which I cannot foresee what it leads to. The ‘WAY’…that means 

to study the circuit, to try various ‘FEED BACK’, to cut some places and feed different 
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waves there, to change the phase of waves etc.  - After lude to the exposition of 

experimental television (1964) 

 

Figure 17. (left) TV cello with Charlotte Moorman, 1971, (right) Untitled, 1993  

In addition, Paik explained that the technologies that he used, from television to satellite, were 

not simply utilitarian tools achieving specific goals for him, but also were ‘art materials,’ like 

oil paint and canvas, that drove his creative expression and artistic imagination. As he 

explained [105]:  

As collage technique replaced oil paint, the cathode ray tube will replace the canvas. 

Someday artists will work with capacitors, resistors, and semiconductors as they work today 

with brushes, violins and junk…Since today we have satellites, we want to use them, discover 
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what we, artists, can do with them. We want to try something new in the tradition of Monet 

and Picasso. These same instruments (satellites) are used in the applied arts, which are 

essential to humankind because they are useful in everyday life. 

4.3 Robert Moog 

Another hybrid practitioner actively mediating art and engineering approaches in the late 20th 

century was Robert (Bob) Moog (1934-2005), a New-York based engineer who also happened 

to have a musical background. Bob Moog was the inventor of the first commercial synthesizer 

called the Moog Modular synthesizer, produced in 1964. Since then, Moog and his company 

developed various novel sound interfaces, such as the Minimoog Synthesizer in 1970 with its 

unique modulation and pitch wheel controllers and The Moog Voyager - a digitally-controlled 

version of the Minimoog. These various types of Moog synthesizers have been actively used 

by numerous notable musicians in broad genres of music, ranging from The Beatles, to Daft 

Punk, to Hans Zimmer (Figure 19). Based on these contributions to the wider musical domain, 

Moog received the Grammy Trustees Award in 1970 and Technical Award in 2002 (along 

with Steven Jobs for the Apple computer). 
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Figure 18. (left) Bob Moog, (right) the Moog Modular Synthesizer 

Moog’s early synthesizers basically employed a ‘modular’ type of technological system in 

which independent sound-related systems, like oscillators, amplifiers, filters, noise generators, 

and mixers, could connect and interact with each other through standardized patch cables and 

the technology of voltage control. Such a modular type of system enabled users to produce 

countless sound timbres and waveforms by experimentally mixing them with each other. 

Moog used subtractive synthesis, such that a complicated wave form from, say, a pair of 

voltage-controlled oscillators (VCOs) modulating each other could be fed through a voltage 

controlled amplified (VCA), the unique low-pass filter he patented (ladder filter the VCF) and 

an envelope shaper. The signal could be further shaped using external interfaces, such as 

keyboards and ribbon controllers. The Minimoog, although still based on separate modules, 

hard wired this standard set up together. [164] 
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Figure 19. Musicians using Moog synthesizers, (left) The Beatles, (right) Daft Punk 

Similar to the characteristics of hybrid practices that Klüver and Paik described above, Moog 

also highlighted that such technological developments did not fully follow traditional plan-

based and scientific approaches, and were therefore not “something you learn about in 

Engineering School.” Instead, Moog explained that his design processes were often driven by 

sonic and other aesthetic factors in the same way that musicians operated by “putting a tune or 

a mix together.” Moog explained how Herb Deutsch’s ‘mouth sounds’ inspired his 

engineering ideas [195]: 

I learned very quickly from Herb, and after a while he asked me if I could help him make 

some new sounds. I asked him what he had in mind, and he made some mouth sounds 

[imitates blops and bleeps]. That was the beginning. I knew about transistors, which were 

just new then, and don’t ask me where the idea came from to make what’s called a voltage 

controlled oscillator (VCO) or a voltage controlled amplifier (VCA), I just thought about it, 

in the same way as many of you think about putting a tune or a mix together, the idea came. 
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Moog also further underlined the nature of the complex relationship between musician 

(human) and instrument (technological system), which made it impossible for him to design 

their interaction with precise objectives or pre-perceived goals before working. Instead, Moog 

mentioned that his approach was usually driven “intuitively” by experimenting and modifying 

certain “arrangement of (technological) materials.” As he explained [164]: 

The musician-instrument system contains a multiplicity of complex feedback loops, so 

complex, in fact that contemporary technology has so far not been able to analyze or 

characterize the nature of the instrument-musician interaction with precision or 

completeness. Thus, it is not possible to design a musical instrument by beginning with an 

objective set of performance specifications. Rather, a musical instrument design usually 

begins with a designer’s intuition. In some manner, this intuition suggests to the designer 

that a certain arrangement of materials will result in an instrument with desirable sound and 

response characteristics. 

In this section, we reviewed three historic hybrid practitioners who actively blended art and 

engineering practices for producing their own creative works. From this review, we can learn 

three heuristics of such hybrid practices. First, as the above STS and HCI scholars confirmed, 

these practitioners commonly explained that their working processes were neither fully 

linearized nor precisely planned with “pre-imaged visions” or a priori outcomes. Instead, they 

explained their practices as reflexive socio-material processes in which diverse situated social 

and technological factors were constantly navigated while negotiating and reconstructing the 



 

 

 

 

 

135 

 

 

functionality and aesthetics of the designed artifacts. These practitioners also commonly 

explained that their practices involved tool-driven and materially engaged processes. For 

example, Paik and 9 Evening participants used various utilitarian tools, such as the cathode 

ray tube, Doppler sonar, and satellite, as non-utilitarian and artistic purposes, like oil brush 

and paint, that inspired their artistic senses and drove the functionality of the works in more 

intuitive ways. In other words, in such hybrid practices, technologies do not only exist to solve 

specific problems preassigned by designers, but also have their own living and creative 

entities beyond points of utilitarian purchase and adoption. Finally, these practitioners 

emphasized experimental collaboration with those from different disciplines, which enable 

them to produce emergent and collaborative forms that were unavailable to either field or 

discipline operating on its own. Such a phenomenon of collaborative emergence reflects 

literary theorist Roland Barthes’ famous description of the objects that emerge from (truly) 

interdisciplinary efforts, which “do not merely confront already constituted disciplines… it is 

not enough to take a ‘subject’ (a theme) and to arrange two or three sciences around it. 

Interdisciplinary study consists in creating a new object that belongs to no one.” [9] 

5. Empirical Studies: The Electronicists 

To explore the value of nonlinear and collaborative practices and identify specific inquiry 

conditions supporting them in a more empirical way, we initiated our crossover project, ‘The 

Electronicists’ in which 11 participants from the fields of art, music, engineering, and 

HCI/STS research, including myself, teamed up to produce an interactive installation, an 
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illustrated essay, and an audio-visual performance. This project lasted 11 months, from May 

2018 to March 2019 in an anonymized location. While these processes followed an inductive 

and open-ended process built around the general precepts of grounded theory [31,211], the 

general focus of the research team fell within the following three categories: (a) how do the 

participants from different backgrounds interact and negotiate with each other to produce their 

collaborative works; (b) what advantages and difficulties arose from such interdisciplinary 

collaboration; and (c) what conditions and activities can support crossover collaborations 

where different pursuits of art and engineering co-exist in the same project?  

 

A total of 11 people from various professional backgrounds through friends, local artists, and 

colleagues have participated in this project. Of these, five participants (Kang, Jackson, Pinch, 

Lewandowski, Spitznagel) planned, organized and produced collaborative works and the final 

show. These participants used one or two of their professional skills, such as music, electrical 

engineering, visual art, and academic writing, on this project. The other six participants 

supported this study and the creative work of the other major contributors. These participants 

included one percussionist, one singer-songwriter, two videographers, one audio engineer, and 

one English editor. All participants—seven males and four females—were between 20 and 65 

years of age.  

 

To study this project, our research team applied three ethnographic approaches. One is in-

depth interviews. All major contributors sat for a semi-structured interview about their 
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working processes, results and experiences of the project. Another approach is art-based 

ethnography [8,129], a key component of which is to utilize the produced artworks from the 

field site as important heuristic evidence that allows researchers, artists, and audiences to 

(re)access the issue of the field site in more aesthetic and material ways. For this, the 

contributors provided the reception and demonstration time after their final show. All 

participants guests could discuss the artworks. Three of approximately 50 of these attendees 

were later interviewed about their experience of the show.   

 

The third approach is participatory observation combined with video ethnography that 

analyzes the participants’ behaviors in specific natural situations to articulate the social, 

material, and environmental contingencies of the fields [129,165]. For this, three participants 

acted as videographers who captured the details of collaborative processes in the first rehearsal 

and the final show. All videos were recorded with the participants’ consent, and then 

transcribed, coded, edited and analyzed by our research team. During and after the 

collaboration, the edited videos were also shared with other participants to reflexively discuss 

their creative processes over email and social media. The collaborations among the 

participants produced three types of crossover work. 

5.1 Three Philosophers, interactive installation  

 ‘Three Philosophers’ is an interactive installation consisting of three life-sized wooden 

sculptures that produce different audio-visual effects (Figure 20). Each sculpture has its own 
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Arduino-based interface that enables it to respond to the user’s behaviors (cranking a handle, 

making proximate sound, touching the string). Diverse technological materials and ready-

made media such as computer fans, broken vinyl, disco-ball and motors are attached to the 

sculptures, and these attached components move and light up by interacting with the user’s 

behaviors.  

 

 

Figure 20. Three Philosophers (2019) 

This installation was produced through a collaboration between Kang and Jackson from June 

2018 to March 2019. During this period, they held weekly meetings in their school research 

lab and Kang’s art studio. In this period, the form and function of the work were continuously 

changed while they were doing collaborative activities, such as discussions, material 

collections, building, and tests. At the beginning of the collaboration, they intended to produce 

a static sculpture by using antique and used books collected at a local book fair. As they were 
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discussing the final show with other musician participants, they started adding the sound 

interfaces with visualizing functions in hope of using it for the music collaboration.  

 

The theme of this project is ‘ideas through things.’ It highlights making aesthetic technologies 

an important inquiry practice for exploring socio-technical theories or one’s theoretical 

suppositions about technology. The title, ‘Three Philosophers’ expresses the participants’ 

thoughts on the mechanism of crossover practice, which could be driven by the debate and 

negotiation among the three different academic figures: an engineer, an artist, and a critical 

theorist. Although all three sculptures were supposed to be presented in the final show ‘The 

Electronicists’, only two were used since the third was found to produce unexpected electronic 

noise in the final rehearsal. This work received praise from the performers and members of the 

audience who described it as ‘easy to play’ and ‘inventive and whimsical’. As a drawback, one 

musician reported that its limited pitch set and sound timbre restricted full musical expression. 

More information about this work can be found on its website 

(https://www.leokang.com/theelectronicists). 

5.2 Want to Be an Electronicist?, illustrated essay 

‘Want to Be an Electronicist?’ is an illustrated essay on the background of the project ‘The 

Electronicist’. Pinch suggested this essay in group email thread. “Inspired by Bob Moog, I 

suggest we launch a manifesto with a new name for what we are doing… If we do a manifesto 

it should be a collective document from all of us.” Other participants replied with their own 
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opinions and suggestions. In the middle of this process, Jackson added considerable content to 

the original writing, and suggested reframing the essay from manifesto to ‘invitation’. Kang 

also added four pieces of his illustrations inspired by the contents of the essay. After 20 email 

exchanges among the participants, the content and design of this essay were finalized. 

 

 

Figure 21. Collaborative essay with illustration 

This essay starts with a teasing question, ‘Want to be an electronicist?’ with the drawing of a 

hand that touches musical and electronic symbols, like the eighth note and diode, drawn in 

three open-circuit strings (Figure 21). This essay explains that what ‘our friends and 

collaborators do is’ the work of ‘electronicist’, a term coined by Moog which we found in a 
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letter of Bob Moog’s in the newly arrived Moog Archive [164]. Moog coined the term to 

describe ‘anyone who uses electronic circuitry and instruments to make a work of art’ [147]. 

By explaining how such work is different from digital art, electronic music, and new media 

art, this essay explains that electronicists are those who can imagine and invent artistic things 

through engineering (and vice versa). Some stories of selected recording engineers, artists, and 

musicians such as Connie Plank, Nam June Paik, and Hugh Davies are given as examples of 

previous electronicists.   

 

In addition, the essay points out that such crossover projects are not solely made possible by 

these talents of individual artists, but always require supportive social and infrastructural 

networks, like ‘friends and partners’, local ‘record and parts stores’, and ‘wider scenes that 

gave their work meaning and value.’ The essay explains that a key goal of crossover 

collaboration is to explore the ‘three-way meeting point of engineering, craft, and art 

practices’ in hopes of spelling ‘new things for teaching, for research, and for collaboration in 

the contemporary university.’ The final version of this work was published in digital and 

printed formats, and shared with the audiences on the day of the final show. Download: 

https://www.leokang.com/theelectronicists/program.pdf 

5.3 The Electronicists, live audio-visual performance  

 ‘The Electronicists’ was a live audio-visual performance which took place on March 24, 

2019 from 7:30 to 9:30 pm at a rented space in Carriage House Loft, Ithaca, NY. Four teams 
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of participants presented the creative works that they had been preparing since May 2018. In 

the first stage of this show, JAIE, a R&B sing-a-song writer, sang five pieces of music with 

her electronic guitar. In the second stage, the team ‘The Electric Golem’ and Kang 

collaborated to present their audio-visual show in which the team played improvised 

electronic music with Kang’s interactive installation ‘Intermodulator [107]’.  

 

 

Figure 22. Stage #4 and demo time in ‘The Electronicists’ 

In the third stage, all musical participants teamed up as ‘the Electronicists’, playing a program 

of largely improvised music. In this improvisational ensemble, Kang and Jackson used ‘Three 

Philosophers’ for their sound and visual expressions. In the final stage, Lewandowski and 

Corsano produced another audio-visual performance in which they used both Intermodulator 

and Three Philosophers for their free duo improvisation. After the show, there was a 

‘reception & demo time’ for communication between the participants and the audience, during 

which audience members also experimented and improvised with several of the accumulated 

instruments The documentary films of this event can be found at its gallery website 

(https://www.leokang.com/electronicists). 
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In our subsequent interview study, most of the participants described how their skills and 

plans had often changed unexpectedly. One common finding was that these participants 

highlighted the roles of material and environmental factors that they encountered in the 

collaboration process as important sources in affecting their creative processes. For example, 

Jackson mentioned that some objects that he had discovered by chance in other collaborators’ 

art studios, such as interesting pieces of art and equipment, motivated him to make certain 

design choices while engaging in the production of ‘Three Philosophers’. He explained: 

What it means to discover in the studio is different than what it means to discover in a 

library, or working with the existing text. There are forms of surprise when just trying things 

out. Kind of weird chance encounters with material objects. Even if you think about our 

design choices all the way along, we didn't set out to design musical instruments in 

particular. But many of the choices were motivated by a particular type of material 

interaction. 

Kang added that his circuit design practice in making ‘Three Philosophers’ was not developed 

by traditional engineering principles, but often proceeded by responding to the sounds 

materials of other musicians. As he explained:  

I am doing electrical engineering, but I'm not an electrical engineer… I'm just using 

electrical circuit, but I often break down the engineering law that I was trained. If I make 
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something and if it makes good sound, I just manipulate the circuit from there illogically, 

and make it that I don’t even know how to make… I just use my electrical engineering skills 

for traveling that imagination and this was very drawn by the sound (that other musicians 

made). 

Lewandowski stated that some spontaneous materials received by accident made her change 

her planned musical expressions to add flexible creativity. Her improvisational approach to the 

final performance when she found one of the Three Philosophers didn’t exactly work out in 

the final show:  

You kind of have to respond to the materials that are given. And it demands a certain 

adaptability, right? And I know that you went in with an idea that these instruments are all 

going to be there, but if one of them is not working, we can't get it to work, there's a 

flexibility that's required. 

When asked what conditions and activities enabled and supported this project, all major 

contributors mentioned “trust” in other collaborators’ professional skills and personalities. 

These participants insisted that social trust is not constructed by chance or accident, but built 

over ‘time’, ‘previous collaboration’, or ‘recommendation’ from other trustworthy members. 

For example, Jackson explained that the trust built by previous collaborations as well as 

Lewandowski’s recommendation made him more confident in participating in this 

experimental project without feeling “nervous” about the final outcomes. As he explained 
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after the show: 

I knew that something interesting would happen on March 24. And I also had confidence 

because of the past collaborations with Annie, Trevor, and Jim. If we hadn't done anything 

with them before, I would have been much more nervous about the collaboration, but I knew 

that they were, I knew I could trust them to approach it in a good and collaborative spirit 

and not be disappointed or angry or too set on it has to look this way or feel this way. So, I 

feel like I trusted all of the collaborators involved. And even Chris Corsano, who I didn't 

know, I trusted him because of Annie. 

Most of the major participants pointed out the vital contribution of ‘hidden’ players, such as 

the supportive participants, local stores, the manager of the performing space, and audiences 

and friends, as another important condition that enabled the success of this experimental 

collaboration. As Pinch explained: 

So, it got me thinking about the hidden people who produce music that really make a 

difference and they're not usually recognized… They're contributing to this world and they 

are often hidden, but we all know it's not just the one-off musician or the band that became 

famous. There's a whole network of support which leads to the artwork being created. 

In addition, Pinch and Jackson similarly highlighted the importance of writing practices in 

their artistic processes, which enables them to articulate what they have learned and perceived 

and to develop their creativities in the relationship with other related works. As Pinch 
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explained: 

But I'm kind of skilled at writing. It's a skill I've learned from experience and definitely the 

way I think is in a writing mode as well. So when the idea that I articulate about sonic 

imaginaries are ideas that I can write down. So this is just my way of operating that part of 

me, my creativity comes out in words and in writing. 

In addition to this interview study, our research team used video ethnography in the first group 

rehearsal, and the final setup and performance. Among the large amount of recorded data, our 

research team looked for processes of negotiation and decision-making among the 

participants. We found that many important decisions (e.g., what music to play, where to 

perform, who played what instruments) were not planned and designed in advance, but often 

emerged and were negotiated through group discussions. The description of the final rehearsal 

shows one such example. 
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Figure 23.  Collaborative setup in the final rehearsal 

In the afternoon of the final performance day, the major participants, sound engineers, 

videographers, and the stage manager gathered in the performance space, and started 

discussing how to organize the stage with their musical gear. While unloading and setting 

them up, they found that one of Three philosophers was making unexpected electronic noise, 

which didn’t occur in the first rehearsal. Although trying to solve this error for about an 

hour through various professional and practical approaches such as reprograming Arduino, 

taping the connection, changing the audio cable, and adding a ground lift plug, they finally 

admitted that they would not be able to identify its problem before the show.   
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“I am not really sure what else I can do”, the sound engineer said. “Now we just need to 

move on. Maybe we can just use this noise as part of our sound”, Kang said. “The noise is 

distinctive when it is played alone, but if this came in the middle when everything else is 

developed, it would be less distinctive,” Jackson suggested.  

Then Spitznagel asked other participants to come to the stage and play their musical 

instruments together to check its noise level mixed with the other sounds. After the test, 

Lewandoski, who implicitly played a role as a sound director of the show, said that the level 

of the noise was considerably distracting and hurt the quality of group harmony in her ears. 

After another short group discussion between the participants, a decision was taken to 

remove the glitched installation and change the initial plan on the arrangement of musical 

instruments and the organization of the stage. They then tested their group sound together 

again, agreed that they were satisfied with the changed setting, and finished the rehearsal. 

This case shows that parts of aesthetic in this crossover work were constructed through 

improvisational collaborative practices in which the participants worked together to solve 

unexpected issues. This analysis reiterates our earlier empirical finding that the material and 

environmental players that the participants naturally encountered, whether inspirational or 

problematic in the first meeting, can play important roles in shaping and enabling the work’s 

aesthetic. Thus, much of the aesthetics in crossover work can be conceived as a production of 

a complex socio-material collaboration in which human and non-human actors in the situation 

negotiate to produce works of spontaneous creativity and knowledge. 
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6. Discussion  

In the above sections, we explained the need for a clear framework for supporting nonlinear 

practices and practitioners in the fields of HCI and design. For this, we studied three hybrid 

practitioners and our own project ‘The Electronicists’. Based on these, this section builds a 

theoretical and methodological framework of our own, ‘techno-aesthetic practice’, that 

explores mediated creativity through engineering, art, and humanistic inquiry. We also explain 

trust-based experiments, error-engaged studios, and art-based ethnography as key 

methodological tenets that promote such mixed inquiry experiences. Finally, we explain how 

such theoretical and methodological frameworks can deepen and extend the topic of 

interdisciplinary creativity as well as learning inclusion and diversity in HCI and the broader 

STEM fields. 

6.1 Techno-aesthetic Practice and Object 

Techno-aesthetic Practice is a theoretical and methodological framework that intends to 

support nonlinear (situated, materially-driven, multi-sensory) practitioners in HCI and the 

broader STEM fields. This practice mediates and integrates practices and commitments drawn 

from the fields of engineering, art, and humanities. Engineering practices as deployed here 

involve linear and systematic forms of inquiry focused on problem-solving and developing 

technological functions (e.g., designing electronic circuits, composing computational 

flowcharts). Art practice involves more intuitive and multi-sensory modes of inquiry that 

explore the work’s aesthetic dimensions rather than following clearly logical and deductive 
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methods (e.g., painting, crafting, musical improvisation). Humanistic practice involves 

reflective learning and analytic writing articulating the work’s concept and theoretical 

backgrounds and connecting the practitioner’s experimental experience to wider social and 

academic discussions through acts of critical reflection, ethnography, or theory-making.  

 

The main idea of techno-aesthetic practice is not simply to combine the known merits of these 

practices or employ one over another to construct a fixed universal method. Instead, it intends 

to explore undiscovered and underdeveloped HCI topics through alliance and competition 

between these classical approaches. Like Barthes’s theoretical idea on interdisciplinary study, 

which “consists in creating a new object that belongs to no one”, and Kluver’s perspective on 

art-and-engineering practices, which “produce something that neither of the two could 

individually foresee”, this framework is meant to produce unique interdisciplinary results 

unable to be achieved by individual approaches.  

 

Two key theoretical arguments are involved in this practice. First, it explores a less-separated 

mode of inquiry between engineering, art, and social science, which are often understood as 

different or unmixable activities in existing academic cultures. On one level, this represents a 

turning back of the clock, and a return to ‘techne’s roots as an integrated practice that lives 

between art and engineering. It also reflects the observations of the STS and HCI scholars 

cited above around social and aesthetic interventions in the process of technological 

development. Finally, techno-aesthetic practice is built around the notion that human cognition 
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and inquiry intrinsically and involuntarily involve a mixture of logical, felt, and social 

experiences, which cannot be clearly divided or fairly valued by individual scopes. As 

highlighted in other examples of hybrid HCI practices (e.g., critical-technical practice, critical 

making, or somesthetic design), such an integrated approach can help HCI practitioners 

reconnect our experience with technologies to socio-cultural, psychological, and aesthetic 

dimensions.  

 

Techno-aesthetic practice also highlights the balance and tension between the elusive or 

ineffable nature of aesthetic experience, and efforts in language or writing to articulate and 

reflect on them. As one hybrid practitioner in our study noted, “my creativity comes out in 

words and in (academic) writing”, and the framework of ‘annotated portfolio’ highlighted 

linking material activities to processes of humanistic theory formation, critical and reflective 

writing practices help the practitioners’ ambiguous experience rest on a certain threshold of 

academic continuity and expectation in the relationship with other related works. In other 

words, what drives discovery and creativity in techno-aesthetic practice is neither fully artistic 

and ineffable expressions nor purely humanistic and logical explanations. Instead, it occurs in 

careful dialogue and mutual adjustments between them, which enables practitioners to be 

stimulated to emerge from their existing narrowness in the world, and project their personally 

oriented expressions and inner voices to the broader social and engineering impacts.  

 

Another key point is that this practice intends to produce specific types of ‘boundary objects’ 
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[210], which we also frame as techno-aesthetic objects in this chapter. These focus on 

promoting inspiring and tacit communication between the fields of engineering, art, and 

humanities. Although the objects may be interpreted and valued differently across these 

communities, they are instead to present some sharing contents with maintaining its 

immutable and unique characters. In other words, functional (engineering), aesthetic (art), and 

critical (humanities) values of techno-aesthetic objects are neither separate pursuits nor 

prioritized but co-constructed by shaping each other’s qualities. Therefore, the key value of 

techno-aesthetic objects is not whether the individual reference points are fully developed to 

satisfactory levels, but on how these dimensions are resolved and combined in shared forms 

that can inspire and inform multiple communities (even if the mode of inspiration and 

meaning in those distinct communities differs). Since techno-aesthetic objects pursue such 

mediating agencies, they may exhibit incomplete or interim qualities when experienced in 

each point of view.  

 

E.A.T’s tennis racquet, Feral Robotic Dogs, Prayer Companion, and Three Philosophers 

exhibit such heterogeneous, but individually provisional values. These projects suggest neither 

purely inventive functions nor cutting-edge artistic craftsmanship, but instead play a role in 

opening new questions and producing new insights by connecting and mediating separated 

communities and disciplines. Similarly highlighted in the concepts of ‘probes’ [66], 

‘mediators’ [72] , ‘immodest proposals’ [7], and ‘research product’ [151], the main goal of 

such mediating objects is to promote aspirational interplay between different “affordances” 
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[69] by inspiring and informing different community members. What techno-aesthetic object 

highlights in this discourse is that such aspirational agency and affordance embedded in the 

artifacts basically involve ‘living’ nature continuously changing how designers and users think 

and feel based on different socio-technical situations. As explained in the concept of SCOT 

and Bardzell’s immodest proposals highlighted, designed artifacts, especially those which 

produced by complex and heterogenous considerations, may have independent agencies with 

playing reconstructive social roles beyond both designers and users’ intensions and 

expectation. Like numerous artists explaining the dynamic values of artwork – for example, 

Picasso explained that when his artwork is finished, “it still goes on changing, according to the 

state of mind of whoever is looking at it” and “lives a life like a living creature”, such post-

humanistic perspective on designed artifacts helps us actively practice on avoiding, or going 

beyond, prevailing hylomorphic mindsets in the STEM fields.  

6.2 Methodological Tenets 

Methodologically, techno-aesthetic practice involves three specific suggestions for its 

practitioners. The first suggestion is doing trust-based experiments with other social members 

who have different aesthetic pursuits or academic interests. As ‘magic machine workshop”, 

“meta-design”, and “sound-driven design” suggest, multidisciplinary and co-design activities, 

where differently oriented people are experimentally involved in the same design situation, 

help us engage unique creativities and mutually reciprocal solutions. What our study 

contributes to this discourse is that such experimental collaborative space, especially where 
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participants’ personally oriented and materially driven expressions are necessarily placed, 

requires a certain level of social trust built between participants over time. As the participants 

of 9 Evenings’ experiments gathered and extended through Klüver and Rauschenberg’s 

mutual friendship, and one participant in ‘The Electronicists’ described (“I also had 

confidence because of the past collaborations”), techno-aesthetic practice highlights building 

and managing supportive and trustful worlds, rather than organizing pop-up workshop or one-

day experiment between those without enough social bond, for the participants to fully engage 

in their nonlinear expressions. 

 

Another methodological suggestion for those who employ techno-aesthetic practices is to 

secure ‘error-engaged studios’ as spaces of safe and open inquiry. As other studio-based 

learning models in HCI (see, inter alia [51,75,152,167]) have also highlighted, nonlinear 

practitioners need reflective and materially-driven spaces that can support “losing ourselves in 

the making while preserving the outcomes of each experiment. [73]” What our study 

highlights in this discourse is that ‘error’ in such studio-based inquiries can actively help 

enrich and extend the practitioner’s creativity. Like the mis-struck ‘blue notes’ of jazz, or 

recent HCI interests in “unmaking” [209] that enable and celebrate the failure of creative 

materials, mistake and error are not something to be removed, but are important source of 

creativity (and potentially major beauty of the works). Careful “repair” work [91,98,100,187] 

may form a central aspect of such error-engaged studios, and help flip  existing 

understandings of error from an emphasis on failure to the creative potentialities that may 
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follow from error – the forms of light and discovery that ‘cracks’, properly construed, may 

occasion.  

 

Finally, we suggest ‘art-based ethnography’ [8,90,129,165] as a key methodological 

suggestion, which highlights visual and somesthetic sides of learning by using various art 

making practices such as photography, videography, illustration, painting, music, poets and 

essays, dance, and more. Vis-à-vis more traditionally ethnographic practices, this extended 

approach goes beyond simple interview or observation to include rich material engagements, 

kinesthetic explorations, and complex social and aesthetic interactions. Such integrated and 

holistic approaches offer HCI researchers deeper and more multidimensional access to the 

collaborative and creative processes under consideration, and provide richer insight into how 

human actors, materials, technologies, and situations are related and entangled. Like our 

illustrated essay and music shows in the Electronicists project, such multi-dimensional works 

produced from aesthetic and collaborative engagements can themselves support sites and 

objects of HCI inquiry through which people can engage topics of research in simultaneously 

aesthetic and critical ways. Similarly highlighted in the ideas of critical and speculative 

design, art-based ethnographies can provide audiences heuristic spaces in which they can 

engage and discuss the inquiry topics through reflective, playful, and bodily-engaged ways.   

6.3 Contributions and Limitations 

Why is it important for HCI to support nonlinear style thinkers and makers, and what 
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contributions does our techno-aesthetic practice make in this discourse? We first argue that 

nonlinear practice can help HCI explore unique creativities and interdisciplinary design works. 

As the core ideas in research through design [228], cultural probes [66], and meta-design [72] 

commonly represent, such constructive and constructionist approaches in engineering inquiry 

can help us attend to new problem spaces unable to be identified by other linear STEM 

approaches. It also can help us respond to uncertain and emerging socio-technical problems in 

more critical and humanistic ways. As the idea of critical-technical practice [2] and critical 

making [177] similarly highlight, increased awareness and critical reflection on the hidden 

assumptions and intricate values embedded in emerging technologies naturally enable HCI 

designers to have more careful social and intercultural considerations in their technology 

development processes [178]. 

 

Moreover, nonlinear practice can support existing issues about learning inclusion and 

diversity, providing diverse opportunities for researchers and contexts less well-served by 

existing traditions of the STEM fields. For example, nonlinear practice can support more 

inclusive modes of research and design for those with non-normative learning styles or distinct 

learning challenges. For those with ADHD (attention deficit hyperactivity disorder), complex 

neurological conditions (e.g., synesthesia) and ‘different kinds of minds', or those who already 

have strongly preferred art practices (e.g., painters, photographers, musicians), this artistic 

approach can provide alternative modes that support access to HCI and STEM-related subjects 

in more flexible and self-defined ways. As the broad literatures (see inter alia 



 

 

 

 

 

157 

 

 

[129,160,171,191,217]) in the learning sciences and education point out, nonlinear practice, 

which often involves imaginative and playful activities, also can support emotional and 

psychological developments of both young and adult learners.  

 

Our study intends to contribute to this discussion by suggesting a clear framework that helps 

theoretically grasp the nature of nonlinear practice and methodologically support the various 

nonlinear practitioners in the fields beyond existing HCI methods. This inquiry model, 

especially focusing on mediating engineering, art and humanistic inquiries, helps us think and 

imagine unique and creative technological systems in which their functional, aesthetic, and 

humanistic values are not separated, but co-constructed by shaping each other’s values. Such 

practice can be helpful for promoting interdisciplinary creativities and collaborations by 

inspiring and informing different academic communities. Especially for HCI, where a wide 

range of academic cultures continuously meet and collide, such model can also support a more 

negotiated encounter in which practitioners from different disciplines and diverse styles of 

learner can work together to build more reciprocal forms of creativity and knowledge. 

 

Yet, our approach may involve a couple of potential problems. As other critiques of 

constructionism and constructivism have asserted, the outcomes produced from such 

approaches may involve interpretable and provisional qualities which are difficult to evaluate, 

especially within STEM fields with modes of quality and reliability built around clear 

interpretation, reproducibility, and contribution. As other practice-based work in the field has 
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already pointed out, the outcomes from practitioners’ improvisational and situated activities 

naturally involve ‘first-order’ or ‘provisional’ qualities especially in the early stages. Although 

several researchers and educators in the fields are working on developing more interpretable 

and materially-engaged evaluation frameworks such as annotated portfolio, DIS’s Pictorial 

venues, and “multiple, potentially competing interpretations”, there is still little agreement on 

what to expect on and how to fairly evaluate them.     

 

We assume that techno-aesthetic practices also may not be well-suited for those who are 

interested in more classical forms of inquiry. For example, for pure fine artists, the structure of 

techno-aesthetic practices may constrain and limit their modes of work and expression, by 

imposing expectations of accountability and functionality less prevalent in a purely aesthetic 

environment. More classical engineers may find techno-aesthetic practices to be ‘reckless’ and 

illogical ways of inquiry, often violating important design rules and principles (e.g., 

reproducibility, linear progression, functional contribution). Likewise, for more traditional 

critical practitioners, such as classical fieldworkers or theorists, techno-aesthetic practices may 

require additional technological and artistic engagements in their fieldwork.  

7. CONCLUSIONS 

In this chapter, we build a theoretical and methodological framework called ‘techno-aesthetic 

practice’ that supports nonlinear practitioners and modes of inquiry in HCI and the broader 

STEM fields. Building on theories of nonlinear engineering drawn from HCI, STS, and 
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anthropology, reviews of three hybrid practitioners, and an empirical study based on art-based 

ethnography, we seek to support situated, materially-driven, and multi-sensory styles of 

thinkers and makers in the fields of HCI and design. As the theories and cases reviewed above 

clearly explain, our model can be a useful framework that supports mediated creativity and 

learning inclusion in the fields of HCI and design. We believe such efforts represent modest 

but useful steps in the ongoing effort to deepen and extend the methodological and 

imaginative toolkit for artistic practitioners in HCI. 
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CHAPTER 4 

Online Gallery 

The fourth chapter of this dissertation provides online gallery spaces in which readers can find 

various curated audiovisual data and artworks that our research team collected and produced 

during our ethnographic studies in the above three chapters. In addition to presenting 

audiovisual ethnographic evidence, the main role of this gallery is to provide the readers with 

heuristic spaces in which they can engage with and discuss the topics and questions addressed 

in this dissertation.  

1. Intermodulation  
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Online Exhibition: https://www.leokang.com/intermodulation 

Duration: 2016 - 2018 

Participants: The Electric Golem, Min Keun Park, Annie Lewandowski, Kang & Jackson 

 

2. Tech-Art-Theory 

 

Online Exhibition: https://www.leokang.com/tat 

Project Duration: 2013 - 2018 

Participants: The Electric Golem, Min Keun Park, Annie Lewandowski, Kang & Jackson 

 

3. The Electronicists 
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Online Exhibition: https://www.leokang.com/electronicists 

Project Duration: 2018 - 2019 

Participants: The Electric Golem, Annie Lewandowski, Kang & Jackson, JAIE, Chris 

Corsano, Jen Liu, Ji Hwan Seung, Rod Snyder 
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CONCLUSION 

 
The above chapters explored how art practice can be a useful and helpful model for learning, 

teaching, and conducting research for HCI and the broader STEM fields. This dissertation 

focused on “improvisation”, a fundamental strategy and skill often used in the broader genres 

of arts, including cool jazz7 and the avant-garde8. By means of theory-building and art-based 

ethnography, the main purpose of this dissertation was to elucidate how improvisational art 

practice can be viewed as a proper and beneficial method rather than casting it primarily as a 

rudimentary step on the way to more systematic forms of thinking [122], as a mysterious and 

personal matter of voice and expression [117,207], or as an inscrutable source of inspiration 

for more recognized forms of scholarly work [153,169].  

 

To achieve this goal, this dissertation provided three main chapters in which individual 

chapters explored different but interconnected topics about improvisation and aesthetic 

engagement for HCI. The first chapter, “Intermodulation: Improvisation and Collaborative Art 

Practice for HCI”, embarked on theory analysis and building. Based on various theories of 

 

7 A style of modern jazz music that arose after World War II incorporating key elements of classical 
music. 
8  A modern genre of art developed in the late 20th century that explores experimental, radical, or 
unorthodox socio-cultural engagements. This word is derived from French, meaning “the leading part of 
an advancing military formation” [24]. 
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improvisation drawn from art, music, HCI, the social sciences, and two ethnographic studies 

based on interviews, participant observation and collaborative art practice, this chapter sought 

to elucidate the improvisational nature of practice in both art and ordinary action, including 

human-computer interaction. From this study, five key features of improvisational action – 

reflexivity, transgression, tension, listening, and interdependence – were identified. This 

chapter finally highlighted collaborative engagement based on “intermodulation” as the first 

tenet and tactic of our work. 

 

Based on this theoretical foundation, the following chapter, “Tech-Art-Theory: 

Improvisational Methods for HCI Learning and Teaching”, moved to the next stage to explore 

the implementation of improvisational practice in HCI and STEM education. This chapter 

showed how both independent and collaborative improvisational practices could be a useful, 

speculative, and inclusive method for learning and teaching specific HCI and STEM subjects, 

especially those that involve learners’ psychological and creative engagement in the 

classroom. This chapter started by reviewing concepts of “improvisational learning” in classic 

and more recent work in educational theory, art and music, and HCI that emphasize the 

reconstructive, materially-driven, error-engaged, transgressive, and collaborative nature of 

human learning processes. It then described three pedagogical interventions of our own in 

which improvisational techniques were deployed as a strategy of teaching and learning. From 

this integrated study, three specific pedagogical conditions (socio-material evaluations, multi-

sensory practices, and making safe spaces for error) were identified for supporting 
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improvisational learning. This chapter also pointed out three major weaknesses in current HCI 

and STEM pedagogy – relevance, assessment, and inclusion—that improvisational methods 

can help to address. This chapter finally suggested “tech-art-theory”, an interdisciplinary 

model of the HCI classroom, mediating engineering, art, and humanities and “creating a new 

object that belongs to no one”, as the second tenet and tactic of our work. 

 

In the third chapter, “The Electronicists: Building Techno-aesthetic Practice for Supporting 

Nonlinear Practitioners in HCI”, we moved to the final stage to build a clear theoretical and 

methodological framework that supports art practitioners and other nonlinear researchers in 

HCI-related fields who have situated, materially-driven, and multi-sensory types of cognition 

and learning process. For this, we first investigated recent literature in HCI and STS that 

explained (and supported) nonlinear ways of human cognition and creativity in the process of 

technology design. We then studied three renowned art-and-engineering practitioners (Klüver, 

Paik, Moog) and our own experimental project titled “The Electronicists” in which eleven 

participants from different disciplines collaborated to produce three hybrid works. Based on 

the above studies, we announced our third theoretical tenet and methodological strategy called 

“techno-aesthetic practice” that pursues mediated creativity from the situated negotiation of 

engineering, art, and humanistic inquiries, including through the production of specific kinds 

of “boundary objects” that can travel across and in some measure connect these worlds. We 

suggested trust-based experiments, error-engaged studio, and art-based ethnography as key 

methodological principles of this framework.  
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The fourth chapter provided online gallery spaces in which readers can find various curated 

audiovisual data and artworks that our research team collected and produced during our 

ethnographic studies in the above chapters. In addition to presenting audiovisual ethnographic 

evidence, the main role of this gallery is to provide the readers with heuristic spaces in which 

they can engage with and discuss the topics and questions addressed in this dissertation. 

 

Based on our learning from these chapters, this conclusion returns now to the questions that 

we initiated in the introduction. First, can engineering and design be nonlinear? The 

introduction noted Bucciarelli’s work explaining that the activity of technology design 

involves complex and emergent processes where related social and cultural parties constantly 

negotiate variously situated ethical, political, and economic issues. Through the concept of 

Social Construction of Technology (SCOT), Pinch et al. also theoretically advanced a 

nonlinear vision of the technology creation process by explaining how it undergoes certain 

steps of social construction and negotiation. Suchman’s theories regarding humans’ situated 

cognition and action similarly explained how knowledge and action are constituted by the 

particular situation (including technology design and repair) in which an action occurs.  

 

The empirical studies also showed several cases that reflected and extended such nonlinear 

theory. For example, in our “Intermodulation (2016)” and “The Electronicists (2019)” series, 

we found that what drove participants’ artistic inspirations, design creativities, and academic 
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learning fundamentally involves situational “interdependency” in which inquiry arises not 

simply in a linear and teleological way, but also through mutual conditioning in both 

behavioral and psychological interaction and collaboration between humans, nonhumans, and 

the surrounding world. As with our concept of “intermodulation”, Dewey and Bentley’s 

“transaction”, and Becker’s “Art worlds”, our cognition and its learning process are in 

precarious states influenced by the larger web of our lives, and all participants involved in the 

shared situation are continuously changing and mutually adjusting to each other over time.  

 

In particular, this dissertation further implemented such nonlinear theory by providing specific 

methodological suggestions for HCI and the broader STEM fields. For example, in Chapter 2, 

we suggested three pedagogical conditions (dialogic learning portfolio, multi-sensory 

practice, a safe space for error) that promoted nonlinear learning and teaching. In Chapter 3, 

we built an inquiry and research framework called techno-aesthetic practice and object, which 

involves trust-based experiments, error-engaged studio, and art-based ethnography. Based on 

this theoretical and empirical evidence, we answer and conclude that the activity of 

technology design also must be understood as a complex mixture of linear and nonlinear 

activities, which needs to be defined as “not fully linear (nonlinear)” as a fundamental 

engineering and mathematical perspective (e.g., real number x imaginary number = imaginary 

number).    

 

Second, the introduction also asked, “can engineering and design be non-human-centered?” 
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For this question, recent theoretical works in STS, especially those based on pragmatism and 

post-humanism, were noted that design activity is not fully dominated by humans, but is rather 

strongly influenced and even driven by non-human actors. This discussion started by 

reviewing Hutchins’ idea of “distributed cognition”, which explains that human thoughts and 

behaviors are not entirely framed or controlled by the individual’s intention, but are instead 

“naturally-occurring and culturally-constituted” while interacting with surrounding socio-

material actors. The introduction also reviewed Latour’s “non-human-centered” perspective 

presented in Actor-Network-Theory (ANT), arguing that non-human things also have a certain 

kind of “agency” that can influence and frame other actors’ qualities, although they may not 

have an active existence in human perception. Tim Ingold also extended this non-human-

centered perspective by highlighting the role of material engagement in broader design 

situations. Ingold explained that older and even many current understandings of how 

technology is created are heavily based on the Western model of creation, which he frames as 

a “hylomorphic” perspective. Ingold’s argument framing design as “weaving” and “traveling” 

also reflected what various historic artists and designers (e.g., Picasso, Evans, Pye, Kentridge, 

Paik and more in our work) explained as their key strategies of making. For example, 

Kentridge [119] explained “This giving over to the medium is crucial. Allowing a space for 

the medium to lead, giving yourself over to the play itself… Not a random activity, but giving 

yourself over to what the activity provokes, and then following these possibilities assiduously, 

as you would follow the irrational rules of any games.” 
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Throughout our empirical study, this “nonhuman-centered” perspective was also reinforced 

multiple times in which we observed and participated to the processes of several technological 

productions. For example, during the Intermodulation show, the Electric Golem reported that 

their creative expressions were often driven and “invoked” by conversation and feedback with 

the interactive artwork “Breaking Andywall” (“It made me think of certain sorts of sounds that 

would go with that type, glitching type sounds. High frequencies, I was thinking. The visual 

image was invoking me to produce certain sorts of sounds.”). A couple of student works in 

Chapter 2 (e.g., “Life Symphony”, “Nothing Wrong Car”) also supported a non-human-

centered way of inquiry, explaining how design activity may be driven by iterative reflection 

on both social and material actors in the situation. While we were constructing our own 

interactive artwork “Three Philosophers” in Chapter 3, we observed “Kind of weird chance 

encounters with material objects” and how “many of the choices were motivated by a 

particular type of material interaction” in the process of technology design.  

 

Based on these theoretical and empirical studies, this dissertation further implemented this 

non-human-centered perspective in more methodological ways. For example, to support both 

social and material learning processes, especially for studio-based STEM classes, we 

developed “dialogic learning portfolios” that integrated the approaches to dialogic reflection 

[93,226] and learning portfolios [198,230] as a key tool and mechanism for the assessment of 

learning outcomes. We also suggested “multi-sensory practice” for HCI that involves the 

integration of learner’s visual, auditory, kinesthetic, and tactile experience (i.e., seeing, 
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hearing, doing, and touching) and may be supported by crossover conversations between a 

variety of situated media and languages. Our suggested practice of making “techno-aesthetic 

objects” also can be a helpful and useful methodological model for promoting inspiring and 

tacit communication between the fields of engineering, art, and humanities that can open new 

questions and produce innovative insights by connecting and mediating previously separated 

communities. 

 

Third, we also asked “can design and engineering be aesthetically engaged?” For this 

question, the introduction reviewed older and more recent studies in learning science and 

education, especially those based on pragmatism and art-based inquiries [8,88,129,203], 

investigating how exploring inner voices and aesthetic feelings can promote more creative and 

reflective ways of general learning and making, including technology design. For example, 

Polanyi [166] explained that human cognition inevitably uses ineffable and tacit ways of 

knowing, and what they perceive and learn in each situation is usually developed and 

apprehended intuitively, which may not be fully expressible or reasonably describable in 

either verbal or written form (i.e., “we know more than we can tell”). Dewey also highlighted 

how a learning approach that carefully considers the learner’s ineffable conviction and 

personally-oriented motivation can not only promote unique and creative learning results, but 

also can suggest an “aesthetic experience”, which is produced in “the moment of passage from 

disturbance into harmony.” More recent HCI works, including those on “somaesthetic 

appreciation” [88,90,205,215], “speculative design” [5,80,162,203,221], and “the magic 
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machine workshop” [4] also highlighted the value of learner-driven inquiries that include 

other social members’ feedback to support specific HCI practitioners who engage aesthetically 

and introspectively with bodily and multi-sensory experiences. 

 

Through the empirical study, we also observed and experienced this aesthetically-driven 

inquiry and its benefits several times. For example, through our three pedagogical experiences 

in Chapter 2, we found that the improvisational approach based on aesthetic experience could 

support students’ psychological and cognitive expressions and help them develop self-

awareness, self-esteem, emotional resilience, and a sense of success. Through participations in 

the ‘Intermodulation’ and ‘The Electronicists’ projects, we also had various moments of 

‘aesthetic experiences’ where we were stimulated to emerge from an existing narrow 

understanding of human-computer-interaction, and develop creativity and knowledge in a 

mutually reciprocal way with other participants from different disciplines. 

 

This dissertation also methodologically implemented such learning theory based on the role of 

aesthetic experience in “error-engaged studios” for HCI and the STEM fields. As other studio-

based learning models in these fields have already highlighted, nonlinear practitioners need 

reflective and materially-driven spaces that can support “losing ourselves in the making while 

preserving the outcomes of each experiment” [73]. What our study highlights in this discourse 

is that “error” in such studio-based inquiries can actively help enrich and extend the 

practitioner’s creativity [121]. Like the mis-struck “blue notes” of jazz, or recent HCI interests 
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in ‘creative breakdown’ [84,113,209] and ‘beautiful transgression’ [21,111,209], mistake and 

error are not something to be eliminated, but are instead important sources of creativity (and 

potentially major beauty of the works). Careful “repair” work may form a central aspect of 

such error-engaged studios and help flip existing understandings of error from an emphasis on 

failure to the creative potentialities that may follow from error – the forms of light and 

discovery that “cracks” may occasion, properly construed [91,101,187]. 

 

Based on this perspective about HCI highlighting nonlinear, nonhuman-centered, and 

aesthetically engaged interaction, following paragraphs also asks and answers: “why it is 

important for HCI and STEM practitioners living in the early 21st century to adapt 

improvisational art practice as a model of learning, teaching, and research?” First, uncertainty 

and the pace of change in our living environment not only led by new technologies (artificial 

intelligence, IoT, VR), but also by emerging social problems (pandemic, climate changes, 

political conflicts) may benefit from more responsive, not-fully-human-focused, and 

interdependent forms of research and education. At the same time, as existing and emerging 

tools and learning platforms from printed books to online education to virtual reality become 

available to learners, the activity of learning could inevitably involve more autonomous and 

nonlinear forms, and thus move further away from linear and hylomorphic conceptions. By 

exploring undiscovered connections between different approaches across traditionally 

separated disciplines (with helps of emerging and future technologies), upcoming learners in 

HCI and STEM fields will likely learn enough to build their own learning methods vis-à-vis 
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the existing static tasks and acts of learning. 

 

More importantly, I believe that our improvisation model can help provide diverse 

opportunities for learners and contexts less well served by existing computing and STEM 

traditions of teaching and learning. For learners with various difficulties (e.g., ADHD, OCD, 

ODD) who may suffer under monotonic and unilateral modes of learning, or like artists and 

nonlinear researchers in our study who already have strongly motivated practices, our inquiry 

and pedagogical model based on improvisation can provide an alternative mode that allows for 

them access to certain subject matters in more flexible, motivative, and less stressful ways. 

Like art therapy [115], our model can support psychological and cognitive expressions that 

help learners develop self-awareness, self-esteem, emotional resilience, and a sense of success 

and accomplishment within an educational environment that has more typically treated their 

differences as lacks or deficits.  

 

I also believe that other improvisational artists working outside of the HCI and STEM fields – 

for example, electronic musicians, abstract painters, dancers, and media artists – can learn and 

take advantages from our improvisational theory and inquiry approaches. For example, for 

those who would like to explore more interdisciplinary creativity extended from their existing 

working styles, or those who to intend to build crossover artworks that can communicate with 

research topics in other academic disciplines including HCI and STS, our conceptual 

guidelines (reflexivity, transgression, tension, listening, interdependence) and methodological 
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suggestions (trust-based experiment, error-engaged studio, art-based ethnography) may help 

them explore more interdisciplinary and academically-related artworks.  

 

In addition, I believe that our ‘dialogic learning portfolio’ model built in Chapter 2, which 

encourages practitioners to learn something new and build interdependent creativities through 

listening to the multi-sensory conversations with their surrounded socio-material actors, can 

be a useful learning model for the broader art students who practice improvisational art and 

aesthetics (e.g., BFA, MFA students). As Berliner explains in the book ‘Thinking in Jazz’ [13] 

, practicing improvisation and art is “not merely a process by which musicians create a record 

album or an evening’s performance. It is a particular artistic way of going through life.” Thus, 

for those who explore improvisational aesthetics, it must be useful to systematically reflect on 

how their artistic inspiration and creativity formed “not only in the settings of practice rooms 

and concert halls, but outside of them, as well” in the relationship with other social and 

material collaborators. Like Becker’s idea of ‘Art Worlds’ [10] explains, the results of art 

practice (i.e., artworks) involve the joint activity of various actors from their actual 

collaborators to their own music gears to those who consume and appreciate their artworks.  

 

Finally, I hope that this dissertation’s theoretical and methodological suggestions based on 

three tenets (intermodulation, tech-art-theory, techno-aesthetic practice) can help various 

nonlinear and artistic practitioners in HCI and the broader STEM fields. While working on the 

above ethnography studies, I have encountered tens of artistic practitioners in these fields who 
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eager to employ their artistic skills, sensibilities, and modes of expression alongside more 

traditionally academic and engineering works. These participants also explained that how 

practicing art is a crucial method not only for stimulating their creative thinking processes, but 

also for supporting the affective and psychological part of their academic life and identity. As 

Simondon [206] similarly explains, art practice can suggest us a magical and holistic power 

that “mediates” and “transduces” the different modes in relation to each other” and allow us to 

travel “from one domain to another without recourse to a common genus.” My dissertation has 

attempted to provide one useful model of multidisciplinary inquiry in which people from 

different disciplines, styles of learning, and orientation to the world can come together and 

‘intermodulate’ to achieve outcomes, insights and ideas unavailable to each individually. 
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